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Preface 
Forty nine members from thirteen countries attended the first meeting of working 
party S2.07-09 (Diseases and Insects in Forest Nurseries) of the International Union 
of Forestry Research Organizations (IUFRO) at Victoria, British Columbia, Canada, 
August 22 to 30,1990. Jack Sutherland, founder of the working party and organizer 
of the meeting, and Dr. T. John Drew, Director General of Forestry Canada’s Pacific 
and Yukon region, welcomed attendees to Canada. 

In the first session, entitled “Forest Nursery Diseases and Insects Around the 
World,” papers were presented to give participants an overview of problems 
encountered by their colleagues around the world. Subsequent sessions updated 
participants on a wide range of topics such as the principles of pest management and 
identification, use of monoclonal antibodies, biological control of pathogens, and 
use of expert systems for identifying diseases and insects. Two workshops were 
held. The first, led by Phil Ha”, was on isolation and identification of Pythium and 
Phytophthora. The second, led by Bob James, covered Fusarium isolation and 
identification. The final paper session consisted of fourteen papers dealing with 
numerous subjects including the protective effects of mycorrhizae against root 
pathogens, fungicide bioassay tests for seedling pathogens, and insects affecting 
seedling roots in Northeast China. Two field trips allowed participants to view 
nursery and pest management practices at Vancouver Island nurseries. 

Not all of our time was spent at work; attendees enjoyed activities such as an 
evening meal and some vigorously contested volleyball at the British Columbia 
Ministry of Forests’ Mesachie Lake Research Centre, and a Saturday afternoon of 
salmon fishing near Victoria. 

When the Victoria meeting was over, ten participants went on a post-meeting 
tour of nurseries in the interior of British Columbia. Without a doubt all of us came 
away from the meeting with lots of new knowledge and friends. The success of this 
meeting also confirmed the interest in and the need for this new (1988) working 
party, which by mid-winter of 1990 had 105 members from 22 countries. At the 
conclusion of the meeting, Bruce Brown (Australia) and Dagmar Borja (Norway) 
became leader and co-leader of the working party, and we accepted Bruce’s offer 
to host our next meeting in Australia. 

vii 
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Diseases and pests of Australian forest nurseries: 
past and present 

B. N. BROWN AND F. R. WYLIE, 
Queensland Forest Service, Department of Primary Industries, 

Indooroopilly, Queensland. 

Presented at the first meeting of IUFRO Working Party S2.07-09 
(Diseases and Insects in Forest Nurseries), Victoria, British Columbia, Canada, August 22-30,1990. 

Abstract 
Plantation forestry commenced in Australia over a century ago to meet timber needs in areas where natural forest 
supplies were scarce. There are now over 900 000 ha of forest plantation in Australia, more than two thirds of which 
is govemment owned. Most of the Australian forest plantation area is planted with exotic Pinus spp., largely the 
one species, P. radiata. Only in the tropical and sub-tropical areas of Queensland is radiata pine not the dominant 
species. In that state, P. elliottii, P. caribaea and the native conifer Araucaria cunninghamii predominate. 

This report is an overview of the diseases, insect pests and nematodes that have been recorded from the nurseries 
that produce the planting stock used to establish the Australian forest plantations. The information has been obtained 
from published reports and from personal contributions from a number of forest pathologists and entomologists who 
have worked in these fields. Some brief notes on vertebrate pests of Queensland forest nurseries have also been 
included. The genera Pinus, Araucaria and Eucalyptus constitute over 97 % of the Australian forest plantation estate 
and this report is limited to host species of those three genera. 

Resume 
En Australie, la technique des plantations forestibres a fait son apparition il y a plus d’un sibcle pour rtpondre aux 
besoins des rtgions australiennes mal pourvues en peuplements forestiers. L’ Australie compte 2 l’heure actuelle 
plus de 900 000 hectares de plantations forestibres, dont plus du tiers appartiennent 2 l’Etat. Ces peuplements sont 
composts en majeure partie d’espbces du genre Pinus exotiques, le plus souvent P. radiata. Les rtgions tropicale 
et subtropicale du Queensland sont les seules oil P. radiata ne soit pas l’espbce dominante. Dans cet &at, on trouve 
surtout des P. elliotti; des P. caribaea et l’espbce indigbne Araucaria cunninghamii. 

S’inspirant des travaux de nombreux pathologistes et entomologistes des for&, les auteurs font un survol des 
types de maladies, d’insectes nuisibles et de nkmatodes qui sont observts dans les ptpinibres cultivant les stocks 
destinCs aux plantations forestibres australiennes. Le compte rendu, dans lequel on trouve quelques notes sur les 
verttbrts nuisibles des ptpinibres forestibres du Queensland, fait Ctat de ce que les trois genres Pinus, Araucaria et 
Eucalyptus constituent plus de 97 % du stock de plantations forestibres australiennes et porte exclusivement sur les 
espbces h6tes des genres en question. 

Introduction 
Australia comprises a land area of 7 682 300 square 
kilometres located between 10” 41’ and 43” 39’ south 
latitude (Castles 1989). The continent of Australia is 
relatively dry: nearly 80 % of the area has a median 
rainfall of less than 600 mm per year and about 50 % has 
less than 300 mm (Castles 1989). The first government 
plantations in Australia were established in South Aus- 
tralia, an area largely devoid of natural forests, in 1876 
(Anon. 1989). In 1987 there were 905 174 ha of forest 
plantation in Australia (Anon. 1989), most (69 %) 
belonging to govemment agencies (the New South 
Wales, Queensland and Victorian State Governments 
between them owning 40 %). 

Nearly 90 % of the Australian forest plantations are 
planted with Pinus species, with P. radiata D. Don, at 

almost 69 % of total plantations, occupying the largest 
area. Most of the P. radiata plantings are in temperate, 
southern parts of Australia with the only other signifi- 
cant conifer in those areas being Pinus pinaster Aiton in 
South Australia and Western Australia (3.5 % of Aus- 
tralian total). In Queensland and northern New South 
Wales, where the climate is tropical (in the north of 
Queensland) to sub-tropical, the species composition of 
the plantations is greatly different from that elsewhere. 
In 1987 the predominant species were Pinus elliottii 
Engelm. var. elliottii (10.6 % of Australian total), Pinus 
caribaea Mor. ( 5  %) andAraucaria cunninghamii Aiton 
ex D. Don (hoop pine; a species native to eastern regions 
of Queensland and northern New South Wales - 5 %). 
P .  caribaea is now the favored exotic species in 
Queensland. The Australian Eucalyptus plantations 
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total 42 010 ha without the inclusion of some old 
Eucalyptus plantings which are managed as native 
forest, or enrichment plantings in native forests (Anon. 
1989). The rate of Eucalyptus planting in 1987 was 
about 4 000 ha per annum but was expected to increase 
considerably (Anon. 1989). Between 1980 and 1987 
the average annual rate of plantation establishment in 
Australia was 32 544 ha; about two thirds of this total 
was established by Govemment agencies. With time, 
more of the forest plantings are second rotation follow- 
ing final crop harvest. 

There is little published information on Australian 
forest nursery diseases and pests. Newhook (1964), in 
presenting an overview of the forest disease situation in 
Australia and New Zealand, included a section on 
seedling (mainly nursery) diseases and reported that the 
general pattem of seedling disease for Australia was 
very similar to that inmost parts of the world. Waterhouse 
and Came (1964) presented an overview of forest 
entomology in Australia, Papua-New Guinea and the 
British Solomon Islands but made no mention of nurs- 
ery insect problems. However, Anon. (1964) men- 
tioned that cutworms of the family Noctuidae had 
destroyed young nursery stock of exotic Pinus in New 
South Wales. Neumann and Marks (1976) presented a 
synopsis of the important pests and diseases in Austra- 
lian forests and forest nurseries in which they listed a 
number of nursery pathogens but only two insect pests 
of forest nursery stock. 

The present report is the first specific coverage of 
Australian forest nursery diseases and pests and is based 
on published reports and information supplied from 
workers throughout Australia. The coverage will be 
restricted to hosts of the genera Pinus, Araucaria and 
Eucalyptus because they account for more than 97 % of 
the Australian forest plantation area. It will include 
discussion on diseases (primarily fungal), and insect, 
nematode and vertebrate pests. The last category is a 
late inclusion to the report and will be limited to 
Queensland, where vertebrate animals have posed short- 
term intermittent, rather than persistent, problems in 
forest nurseries. However, there have been instances 
when vertebrate damage in exotic and hoop pine nurs- 
eries has threatened that year’s productivity. 

Pinus species 
For many years in Australia nursery production of most 
of the Pinus spp. has been largely as bare-root seedling 
plants. These come from open beds and are grown over 
a period of about 9 months for planting during winter. 
Although much of the current nursery output of Pinus in 
Australia remains seedling plants, the use of cuttings is 
becoming more important and, for special needs, 
container stock is also produced. 

Diseases of Pinus 
Damping-off 
Pre- and post-emergence damping-off has long been 
recognized as a significant problem in Pinus nurseries 
in Australia causing serious losses of seed and seed- 
lings. It is probable that damping-off has caused more 
losses of Pinus nursery seedlings than any other disease. 
Whilst the causal agents were often not determined, a 
number of species of Pythium have been shown to be 
important causal agents of damping-off, as has Rhizoc- 
tonia solani Kuhn. Fungi such as Phytophthora 
cinnamomi Rands, Botrytis cinerea Pers. ex Pers., 
C y  1 in dro c ladi um s c opa r i u m and 
Macrophomina phaseolina (Tassi) Goid. are also known 
to be involved. The role of various Fusarium spp. has 
often been questioned, but it has been proved that 
species such as  F.  oxysporum Schlecht. emen. Snyder & 
Hansen and F. solani (Mart.) Sacc. can cause damping- 
off of Pinus seedlings. Many of the damping-off 
pathogens have also been associated with diseases of 
older seedlings in the nursery. 

Unsatisfactory nursery practices, such as continu- 
ous cropping, have undoubtedly played a major role in 
development of damping-off and other soil-bome dis- 
eases in Pinus nurseries of Australia in the past. Sea- 
sonal effects are known to play a part; for example, in 
Queensland the heaviest damping-off losses of Pinus 
species in seed-beds used to be in sowings made during 
the summer wet season. Host differences may also play 
a role; e.g., Oxenham and Winks (1963b) reported that 
P. radiata was more susceptible to damping-off caused 
by a number of fungi than was P. elliottii. Observations 
over a number of years in Queensland forest nurseries 
indicated that P.patula Schiedeet Deppe and P. caribaea 
var hondurensis Barr. & Golf. are more susceptible to 
damping-off than is P. elliottii. 

Australian workers have successfully investigated 
means of reducing losses of Pinus seedlings caused by 
damping-off. The measures have ranged from solar- 
heating to soil fumigation, seed-dressings and seed-bed 
drenches. In some places routine seed-dressings and/or 
soil drench applications are currently employed. How- 
ever, Queensland (Brown and Baxter 1990) and Tasma- 
nian experience indicates that good nursery practices, 
even if they do not control damping-off, do at least 
minimize the problem; soil drenches have only been 
used occasionally in hygiene nurseries in both states. 

Morgan, 

Phytophthora cinnamomi and other Phytophthora 
species 
Phytophthora cinnamomi is one of the damping-off 
fungi which causes root rot of older Pinus seedlings. 
Host species reported from Queensland are P. elliottii, 
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P. radiata, P. taeda L., P. caribaea var hondurensis and 
P. clausa Vasey (Brown 1985). Phytophthora cinna- 
momi root rot of Pinus has been reported from forest 
nurseries in most Australian states and the Australian 
Capital Territory, the one exception being South Aus- 
tralia. In Western Australia P. citricola Sawada and P. 
cryptogea Pethyb. & Lafferty have also been recovered 
from Pinus nurseries. 

As discussed by Oxenham and Winks (1963a), 
severe nursery root rot due to P. cinnamomi causes 
direct loss of trees in the nursery and increased trans- 
plant loss when diseased plants are planted in the field 
and may result in spread of this potentially dangerous 
pathogen into new areas. The use of infected planting 
stock undoubtedly resulted in the transfer of P. 
cinnamomi to parts of Queensland otherwise free of the 
pathogen. The probable introduction of P. cinnamomi 
into new Queensland nurseries with needle litter (duff) 
for mycorrhizal inoculation has been discussed (Brown 
1985). Boughton and Crane (1984) assessed the 
Phytophthora (P. cinnamomi and P. cryptogea) disease 
risk at a major Pinus nursery in Westem Australia. They 
recognized the risk of apparently healthy plants as 
carriers of infection and wamed that incoming pine duff 
should be checked for Phytophthora before introduc- 
tion to the nursery. 

For a number of years soil fumigation was used to 
control P .  cinnamomi root rot in Queensland Pinus 
nurseries but most of the infested nurseries were subse- 
quently abandoned and replaced by P. cinnamomi-free 
nurseries operated under a strict hygiene system (Brown 
1985; Brown and Baxter 1990). A number of the other 
Australian states have abandoned nurseries because of 
P. cinnamomi problems and some have adopted the 
hygiene concept. Metalaxyl has been used for contro1 
of P. cinnamomi in several Australian states, and fumi- 
gants such as methyl bromide, chloropicrin and Di- 
Trapex (methyl isothiocyanate) have also been used. 
Although studies have shown that solar-heating of soil 
could control the fungus, this practice does not appear 
to have been used in routine operations. 

Severe P. cinnamomi root rot in a large P. radiata 
nursery at Benalla in Victoria has been linked to herbi- 
cide usage for weed control. It has been reported that 
propazine, used on a regular basis, predisposed pine 
seedlings to root rot, but when it was replaced with 
chlorthal dimethyl, the disease disappeared rapidly 
(Neumann and Marks 1989). Chlorthal dimethyl has 
been shown to reduce radial growth, sporangial produc- 
tion and inoculum potential of P. cinnamomi (Kassaby 
and Hepworth 1987). On the other hand, propazine, 
whilst being mildly phytotoxic to the fungus, stimulated 
sporangial production and inoculum potential. Marks 
and Cerra (1990) reported that propazine increased 

sensitivity of P. radiata to P. cinnamomi and also that 
it increased numbers of spore-forming bacteria stimula- 
tory to sporangial formation by P. cinnamomi, whilst 
chlorthal dimethyl greatly reduced numbers of bacteria, 
including the spore formers, in treated soil. By contrast 
with the Benalla experience with propazine, severe root 
rot of Pinus spp., including P .  radiata, occurred in a 
number of Queensland nurseries during the late 1950s 
and early 1960s (Oxenham and Winks 1963a; Brown 
1985). At that stage white spirit was used for weed 
control; the broad scale use of a chlorthal dimethyl/ 
propazine mixture only commenced in 1973 (Bacon 
1979). Of particular interest in Queensland, should P. 
cinnamomi become a problem again, is the possible 
interaction of propazine and chlorthal dimethyl on both 
the soil microflora and P. cinnamomi. 

Macrophomina phaseolina and other root-rot 
pathogens 
Another root rot pathogen of Pinus that is also associated 
with damping disease is Macrophomina phaseolina 
(sometimes reported as Sclerotium bataticola Taub.) 
which has been reported from a number of localities. 
Although overseas experience suggests that this fungus 
alone, or in combination with other fungi (as charcoal 
root rot), could be a serious nursery problem in drier 
areas of Australia, this has not happened. In an earlier 
paper (Brown 1985), the potential role of leguminous 
cover crops and M .  phaseolina on P. caribaea var. 
hondurensis in tropical Queensland was queried; no 
problem has yet resulted. Hosts in the genus Pinus from 
Australian forest nurseries include P .  caribaea var. 
hondurensis, P. elliottii, P .  patula, P. pinaster, P. radiata 
and P. taeda. This is one of the soil-bome pathogens 
shown to be controlled by solar-heating of soil but no 
control measures are currently in use against this disease 
in Australia. 

Other fungi associated with root rot of nursery Pinus 
plants in Australia include a number of Pythium, 
Fusarium, and Cylindrocarpon species, Thielaviopsis 
basicola (Berk. & Br.) Ferraris, Rhizoctonia solani, and 
other species of Rhizoctonia. Most of these are associ- 
ated with damping-off of young seedlings as well as 
later root rot disease. 

Colletotrichum acutatum 

Terminal crook disease of Pinus spp. is caused by the 
fungus Colletotrichum acutatum Simmonds. This 
fungus attacks the growing shoot of seedling pines and 
results in partial death of the bud. Continuation of 
growth of the bud results in distorted growth, even to the 
extent of the shoot growing through a bend of 180". It 
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appears that the hormone balance of the growing shoot 
is affected as diseased seedlings do not produce 
secondary branches during the remainder of the nursery 
stage. Thus, although not lethal, terminal crook disease 
renders affected plants unsuitable for use. 

Terminal crook for a number of years appeared 
sporadically in scattered Pinus nurseries in Queensland 
but, in recent years, it has appeared regularly in two 
nurseries. It has also been recorded on Pinus in north- 
eastern New South Wales. The disease has been re- 
corded on P. caribaea var. hondurensis, P .  elliottii and 
P. radiata. Losses are generally low, but on one 
occasion in a bed of 270 000 P. elliottii seedlings, 18 % 
were affected with some patches of up to 90 % were 
attacked, but, in other beds, only about 2.5 % of 460 000 
plants showed infection. Following New Zealand expe- 
rience, the first control measure adopted in Queensland 
was captan plus white oil but currently dichlofluanid 
plus white oil is employed. 

Sphaeropsis sapinea 

Sphaeropsis sapinea (Fr.) Dyko & Sutton causes a 
shoot dieback of nursery stock, particularly of P. radiata 
and, although not uncommon, is usually not serious. 
Stahl (1966) included S. sapinea (as Diplodia pinea 
(Desm.) Kickx) as one of the causes of damping-off. 
Shoot infection in the nursery often follows mechanical 
damage such as hail or strong winds but, on occasion, 
soft succulent stock in fumigated nursery beds have 
been infected without any significant signs of physical 
damage. Most problems in New South Wales arise from 
the practice of reducing the size of nursery stock by 
topping. In Westem Australia, damage to rooted cuttings 
of both P. radiata and P .  pinaster is generally low but 
on one recent occasion over 20 % of a batch of P. radiata 
were lost. In that state, benomyl every 3 weeks is used 
for control. 

Dothistroma septospora 

The pine needle blight fungus Dothistroma septospora 
(Dorog.) Morelet was first discovered in Australia in 
1975 (Edwards and Walker 1978) and by 1987 it had 
been found in the Australian Capital Territory, 
Queensland, Victoria and Tasmania (Eldridge and 
Simpson 1987). In Victoria, D. septospora has been 
recorded on P.  radiata on cutting stool plants at one 
nursery and restrictions have been placed on transfer of 
the resultant cuttings; such plants are only used within 
D. septospora infested zones. Although D. septospora 
may not have occurred in other forest nurseries, several 
states have for some years placed restrictions on the 
transfer of seedlings from nurseries within infested 
areas to prevent spread of needle blight disease. 

Tasmania recently ceased the processing of P. radiata 
cones (for seed extraction) at a site adjacent to one 
nursery in order to avoid accidental infection of nursery 
stock with D. septospora. 

Nursery mycorrhizae 

It has been long recognized that the Pinus spp., exotic to 
Australia, require infection by mycorrhizal fungi for 
satisfactory growth. In Queensland, as in other areas, it 
had been the practice for a long time to introduce 
mycorrhizal inoculum from the lower layer of the 
needle litter under pine stands into new nurseries. This 
is done regularly in Western Australia, but in Queensland 
a single inoculation has been sufficient. 

The use of needle litter is obviously a potential 
means of introduction of pathogenic fungi which may 
occur under the source stands. In Westem Australia, 
sources must be free of Phytophthora spp. before such 
inoculum can be used. In Queensland it has been shown 
that inoculation is not necessary for nurseries adjacent 
to pine stands, but nurseries remote from plantations do 
require inoculation (Brown and Baxter 1990). 
Rhizopogon spores have been used for seed inoculation 
prior to sowing of new beds in New South Wales. In 
Tasmania this procedure was used prior to sowing beds 
after 5 years fallow but seedling growth in some 
uninoculated beds revealed that it was not necessary. 

There appear to be no studies on the effect of soil 
fungicide or fumigant usage on mycorrhizal develop- 
ment on nursery crops of Pinus spp. However, observa- 
tions in a number of nurseries over some years of soil 
fumigation in Queensland showed that mycorrhizal 
fungi readily re-invaded the seed beds adjacent to Pinus 
plantations. Marks and Becker (1990) reported studies 
on the effect of commonly used nursery weedicides on 
mycorrhizae of Pinus and showed that both propazine 
and chlorthal dimethyl produced changes in mycorrhi- 
zal type, numbers and ratios of one type to another. 

Insect pests of Pinus 
Lepidoptera 

Cutworms. These insects are among the most com- 
monly occurring pests in forest nurseries in Australia 
and have been reported from all states. Larvae damage 
bark on roots and stems near ground level and may 
cause death of seedlings (Moore 1962; Neumann and 
Marks 1976, 1989). Principal pest species are the 
common cutworm, Agrotis infusa (Boisduval) 
(Noctuidae), and thebrowncutworm,A. munda Walker. 
During a severe outbreak at Toolara, Queensland in 
1979, larvae of A. munda seemed to preferentially 
attack seedlings of P. caribaea var. hondurensis rather 
than those of P.  elliottii var. elliottii. The infestation is 
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thought to have originated in weed growth on fallow 
blocks within the nursery. 

Budworms. Larvae of the native budworm, Heliothis 
punctigera Wallengren (Noctuidae), have caused occa- 
sional severe damage to needles, shoots and terminal 
buds of P. radiata and P. taeda in Queensland and o f  P .  
radiata in South Australia. Another species ofHeliothis, 
the tobacco budworm, H. armigera (Hubner), also 
damages P. radiata in South Australia. 

Armyworms. Larvae of the southem armyworm, 
Persectania ewingii (Westwood) (Noctuidae), and of 
species of another noctuid genus, Pseudaletia, cause 
occasional severe defoliation of P. radiata nursery 
stock in South Australia. 

Leaf or tip webbing caterpillars. The most important of 
this group is the light brown apple moth, Epiphyas 
postvittana (Walker) (Tortricidae), whose larvae damage 
needles, shoots and terminal buds of P. radiata in 
Victoria, New South Wales and South Australia (Moore 
1962; Neumann and Marks 1976, 1989). Another 
tortricid, Merophyas divulsana (Walker), has damaged 
Pinus halepensis Miller in South Australia while the 
geometrid, Ectropis exsuperata (Walker), is apest of P. 
radiata in Tasmania. 

Case moths. The leaf case moth, Hyalarcta huebneri 
(Westwood) (Lepidoptera: Psychidae), has occasionally 
defoliated seedlings of P. radiata in Queensland. 

Other Lepidoptera. Larvae of the painted apple moth, 
Teia anartoides Walker (Lymantriidae), cause 
occasional severe defoliation of P. radiata in New 
South Wales and Victoria (Neumann and Marks 1989). 
Unidentified species of looper caterpillars, 
(Geometridae), have been reported attacking Pinus spp. 
in New South Wales. 

Coleoptera 

Scarab beetle larvae and adults. These are an important 
pest group in nurseries in most states. Soil-dwelling 
scarablarvae or white grubs attackunderground portions 
of plants, sometimes ringbarking or severing the main 
stem. Adults generally attack aerial parts of seedlings, 
damaging needles or bark. In South Australia, white 
grubs have been particularly devastating in new nurseries 
developed from old pastures, the principal pest species 
being the redheaded pasture cockchafer, Adoryphorus 
couloni (Burmeister) (Scarabaeidae). In Western 
Australia, larvae of Heteronyx spp. have damaged P. 
pinaster, and white grub attack has also been reported 

on seedlings of P. radiata in New South Wales. Adult 
Heteronyx spp. have caused damage to Pinus spp. in 
Tasmania and South Australia, and adult Diphucephala 
spp. and Liparetrus have caused damage to Pinus spp. 
in South Australia. Swarms of African black beetle, 
Heteronychus arator (Fabricius), caused considerable 
losses among P. elliottii var. elliottii seedlings at Toolara, 
Queensland in 1978. Adults damaged not only the 
aerial parts of these plants but also tunneled in the soft, 
sandy soil and girdled stems at and below the collar. 
The outbreak is thought to have originated, in part, from 
fallow nursery beds sown to Gatton panic, a cultivar of 
Panicum maximum Jacq., and from the grassy surrounds 
of the nursery. 

Weevils. The whitefringed weevil, Graphognathus 
leucoloma (Boheman) (Curculionidae), is a common 
pest of Pinus spp. in New South Wales and South 
Australia, and the apple weevil, Otiorhynchus cribicollis 
Gyllenhal, is also a pest of Pinus spp. in the latter State. 

Bark beetles. Larvae and adults of the black pine bark 
beetle, Hylastes ater (Paykull) (Scolytidae), and the 
goldenhaired bark beetle, Hylurgus ligniperda 
(Fabricius), another scolytid, damage cambium, roots 
and bark'of P. radiata seedlings in Victoria and South 
Australia, sometimes causing death of these seedlings 
(Neumann and Marks 1989). Both of these species of 
bark beetle are introduced pests from Europe (Neumann 
1987). 

Grasshoppers and mole crickets 

Nymphs of the Australian plague locust, Chortoicetes 
terminifera (Walker) (Orthoptera: Acrididae), have 
caused death of P. radiata seedlings in Victoria. 
Neumann and Marks (1989) note that severe attack may 
occur on nursery stock near grassy sites during prolonged 
dry weather. In South Australia, the yellow-winged 
locust, Gastrimargus musicus (Fabricius) (Orthoptera: 
Acrididae), and wingless grasshoppers, Phaulacridium 
spp., cause problems each year in Pinus spp. nursery 
stock, particularly in the south-east region of the state. 
Attack is usually associated with outbreaks of these 
insects in pastures up to several kilometres away from 
the nurseries. 

Mole crickets, Gryllotalpa spp. (Orthoptera: Gryl- 
lotalpidae), are occasional pests of Pinus spp. in South 
Australia, Western Australia and Queensland. 

Mealybugs 

Nymphs and adults of mealybugs, Pseudococcinae 
(Hemiptera: Pseudococcidae), have been recorded as 
pests of P. radiata in Victoria. They feed by piercing 



plant tissue and ingesting sap. Neumann and Marks 
(1989) note that they may attack callus growth of fresh 
cuttings in nurseries, and by inducing resin flows prevent 
root formation. 

Other non-vertebrate pests 
The European earwig, Forficula auricularia Linnaeus 
(Dermaptera: Forficulidae), reportedly causes damage 
to P. radiata in South Australia, usually in spring. 
Thrips are a common pest of Pinus spp. in New South 
Wales nurseries. White snails (Helicella sp.), slugs and 
millipedes cause occasional severe damage to P. radiata 
in South Australia, usually in new nurseries. 

Nematodes of Pinus 
Vaartaja and Bumbieris (1967) suggested that nematodes 
from several genera (Longidorus, Xiphinema and 
Pratylenchus) may have been involved in occasional 
serious losses in conifer (P.  radiata) nurseries in South 
Australia. A survey for nematodes in exotic pine 
nurseries in Queensland in 1972 showed population 
levels which might affect growth and development of 
host species (Anon. 1973). The nematodes detected 
from Pinus seedlings included Paratrichodorus minor 
(Colbran) Siddiqi (reported as Trichodorus minor 
Colbran) on P. elliottii, and P. minor, Trichodorus sp. 
and Pratylenchus n. sp. on P. caribaea. Although no 
control measures were applied, no adverse effects were 
noted in subsequent Pinus crops at the nurseries even 
though nematodes were detected at Beerburrum and 
Toolara, two of Queensland’s hygiene nurseries (Brown 
and Baxter 1990), in the early stages of their operation. 
On one occasion P. minor caused problems in a forage 
Sorghum cover crop at Toolara without having any 
noticeable impact on subsequent pine crops (Brown and 
Baxter 1990). Magor (1979) reported a survey of five 
P. radiata nurseries in New South Wales; no evidence 
of symptoms was found and all but one single specimen 
were nematodes common in most soils. 

Winoto-Suatmadji and Marks (1983) reported the 
detection of high numbers of the root lesion nematode 
Pratylenchus penetrans (Cobb) Chitwood and Oteifa 
from roots of diseased P. radiata from Rennick nursery 
in westem Victoria. Large disease patches appeared in 
bays where radiata pine had been successively cropped 
and disease was less in bays where a crop rotation, 
which included legumes and grasses with pine every 
third year, had been used. Winoto-Suatmadji and 
Marks (1984) demonstrated the pathogenicity of P. 
penetrans to P.  radiata and concluded that the nema- 
tode was the likely cause of the disease at the Rennick 
nursery. That disease, its effects and control have been 
reviewedby Marks etal. (1985 and 1987). Nematicides 

(fenamiphos, aldicarb and ethoprophos) control the 
disease. Fenamiphos applied before sowing or to young 
(14 days after emergence) or older (20 weeks old) 
plants, controlled the nematodes but best plant growth 
response resulted from the pre-sowing treatment. Stud- 
ies on the seedlings growing in bays that had received 
the pre-sowing treatment also showed greater develop- 
ment of mycorrhizae than plants in an untreated area. 
Winoto-Suatmadji et al. (1985) reported that the fungi- 
cide metalaxyl suppressed root lesion nematodes on P.  
radiata but not to the same extent as did fenamiphos. 

More recently, following effective control of P.  
penetrans at Rennick, further patches of chlorotic, 
stunted and dead seedlings were observed (Winoto- 
Suatmadji and Marks 1989). There were few P.  
penetrans associated with the disease but large numbers 
of another plant pathogenic nematode, Rotylenchus 
robustus (de Man) Filipjev, were detected. The R .  
robustus problem is increasing in spite of the use of 
fenamiphos; crop rotation is seen as the answer. Earlier 
this year, large numbers of R.  robustus and smaller 
numbers of P. penetrans were detected in a nursery in 
South Australia. This nursery is on similar soils to, and 
only a few kilometres from Rennick, in Victoria. 

Vertebrate pests of Pinus 
Birds are the major cause of damage in exotic pine 
nurseries. In the case of P. caribaea, both the newly 
sown seeds and the retained seed coat on recent 
germinants are the target of birds. The Torresian Crow, 
Corvus orru, is the major problem species. In addition, 
flocks of native ducks occasionally cause a serious, 
though brief problem by browsing on the seed coats of 
germinants. Gas powered “scare guns” are routinely 
employed against any birds which create problems in 
nurseries, but with limited success. Greater success has 
been achieved against crows by attracting them away 
from the nursery during the critical seed planting and 
germination phases by conducting fuel reduction bums 
in nearby forest. The crows apparently find the insects 
flushed by the fire more attractive than the pine seed. 
Another method of control is to attract birds away from 
the nursery by spreading grain seed along plantation 
roads close to the nursery from a week before sowing 
until the germination is complete. Parrots, mainly 
Crimson Rosellas, Platycercus elegans, cause some 
problems in P .  radiata nurseries. Limited trials with 
seed treated with chemical anti-feedants have been 
conducted with inconclusive results. Black rats, Rattus 
rattus, and house mice, Mus musculus, can also create 
problems where newly sown seed beds are adjacent to 
areas of cover crop or pine seedlings. Control is with 
coumatetralyl and, if mice populations appear high, this 
is commenced prior to sowing. 
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Araucaria species 
The only native conifer of any significance in the 
Australian plantation program is A.  cunninghamii (hoop 
pine) which is planted mainly in Queensland and to a 
lesser extent in New South Wales. 

Although recent developments have resulted in 12- 
month, container planting stock after direct sowing, 
most of the hoop pine still planted results from a nursery 
operation of over 2 years duration. Hoop pine seed is 
sown into prepared beds under about 50 % shade in 
spring (August-September), the seedlings are root 
wrenched about the end of the second February in the 
beds, lifted and side tubed into metal tubes during the 
next winter and are then planted out during early sum- 
mer (November-December) (Hawkins and Muir 1968). 
Because of high capital cost of the permanent timber 
nursery shade system that was used in Queensland, beds 
were frequently cropped continuously with only short 
periods between lifting of one crop and bed preparation 
for another. More recently, using removable shade 
cloth material, less expensive structures have allowed 
better rotational systems with fallow between crops. 

Seedling hoop pine are particularly sensitive to 
insolation effects, either through direct losses or be- 
cause of heat-girdling. Heat-girdling, just above ground 
level, occurs sporadically; often it is not detected until 
some months after the damage when the affected plants 
show drought symptoms. At that stage, the plants have 
a pronounced swelling of the stem above the girdled 
area where the cambium was killed by high tempera- 
tures. 

Diseases of Araucaria 

Damping-off 
Severe damping-off in A. cunninghamii seed beds was 
just one of the adverse consequences of the repeated 
cropping practiced in Queensland for many years. Even 
with the lower plant densities resulting from severe 
damping-off, size of the nursery produce also declined 
markedly. In some Queensland nurseries soil was 
sometimes added to hoop pine seed beds to improve 
production and occasionally the bed soil was removed 
and replaced with fresh rainforest soil to overcome the 
long-term effects of continuous cropping. 

Heavy pre-emergence losses have been recorded in 
Queensland. Those losses invariably occurred in nurs- 
eries with a history of substantial post-emergence losses. 
Post-emergence losses in some nurseries commonly 
exceeded 25 % of total emergents. Pythium and Rhizoc- 
tonia species have usually been associated with damp- 
ing-off of hoop pine. 

A seed-dressing with captan was adopted in 
Queensland hoop pine nurseries in 1965 for pre-emer- 

gence damping-off control. Where comparisons were 
available from experiments or from routine sowings 
with and without captan, seed dressing usually in- 
creased germination, often by over 20 %, except on 
those occasions when germination was high without the 
seed-dressing. On some, but not all occasions, the seed 
dressing also gave control of post-emergence damping- 
off. Captan and thiotox were used for many years in 
hoop pine for control of post-emergence damping-off, 
but as yet, no alternative has been found for captan since 
its de-registration in Australia several years ago. 

Rhizoctonia crocorum root-rot 

The second most serious hoop pine nursery disease is a 
root rot of advanced nursery stock caused by the mycelial 
state of the basidiomycete Helicobasidium compactum 
Boedijn (Young 1948). The mycelial state is similar to 
the Rhizoctonia crocorum Fr. state of H .  purpureum 
Pat. and this has apparently lead to incorrect records, 
such as that of Browne (1968), of H .  purpureum on A. 
cunninghamii from Queensland. 

The disease occurs sporadically; it has only oc- 
curred several times over the past 25 years. The out- 
breaks appear to result from introduction of fresh 
rainforest soil into nursery beds, but the disease has 
been spread between nurseries on infected nursery 
stock. Rhizoctonia root rot is characterised by rot of 
outer root tissue with superficial brown strands and 
hyphae of the fungus and also infection cushions and 
black sclerotia on the surface (Young 1948). Hoop pine 
seedlings may have advanced rot of the roots without 
showing foliage symptoms. 

Young (1948) reported that Cheshunt mixture con- 
trolled the disease. Soil fumigation with chloropicrin 
has been used to eradicate the disease without adverse 
effects to subsequent Araucaria sowings. Methyl bro- 
mide, even at low rates, adversely affects the vesicular 
arbuscular mycorrhizae, essential for hoop pine growth, 
but chloropicrin has no such effect. 

Other hoop pine nursery diseases 

One of the more virulent of the diseases occasionally 
recorded in Queensland hoop pine sowings has been 
collar rot caused by Sclerotium rolfsii Sacc. (Anon. 
1963). This causes losses in patches of seed bed but has 
been readily controlled with quintozene. 

Other diseases recorded in hoop pine nursery crops 
include a sore-shin disease of advanced seedlings caused 
by a Rhizoctonia sp., a seed and seedling stem rot 
caused by Lasiodiplodia theobromae (Pat.) Griff. & 
Maubl. (Simmonds 1966 as Botryodiplodia theobromae 
Pat.), a seedling blight caused by Dothiorella pinea 
(Pass.) Petrak & Sydow (Simmonds 1966), and a stem 
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canker believed to be due to Botryosphaeria ribis 
Grossenbacher & Duggar. 

Insect pests of Araucaria 

Lepidoptera 
Cutworms. Damage by cutworm larvae, Agrotis spp. 
(Noctuidae), to A.  cunninghamii has usually been 
confined to germinating seedlings. As described in 
Anon. (1963), first the cotyledon and seedling shoot are 
eaten then the hypocotyl. At this stage the damage 
resembles that caused by grasshoppers or by crickets. 
Grubs usually shelter at the base of the seedling where 
their presence can be detected from a slightly raised area 
of soil about 2cm in diameter. At a later stage the larvae 
may cut the plant and pull it downwards, leaving the 
cotyledons resting on the soil surface. Control is by 
application of a soil insecticide when the damage is first 
noticed. 

Loopers. Larvae of the castor oil looper, Achaea janata 
(Linnaeus) (Noctuidae), occasionally cause severe 
damage to A. cunninghamii seedlings, consuming the 
leaves and above-ground stem of plants (De Baar 1983). 
Larvae of Cleora sp. (Geometridae) also occasionally 
defoliate hoop pine seedlings. 

Coleoptera 

White grubs. Larvae of Rhopaea spp. ( Scarabaeidae) 
have long been one of the most important nursery pests 
of hoop pine. Until recently, treatment of nursery beds 
with persistent chemical insecticides prior to sowing 
was routine practice against these pests. Present practice 
is to apply a soil insecticide only when attack has been 
noticed. 

Weevils. The pine bark weevil, Aesiotes notabilis 
Pascoe ( Curculionidae), sometimes attacks tubed A. 
cunninghamii seedlings. Larvae tunnel in the main 
roots, chewing away woody tissue as well as bark, and 
finally form cocoons for pupation at or near ground 
level. Their activities can result in girdling of the main 
stem and seedling death (Brimblecombe 1945; Wylie 
and Yule 1978). 

Mealybugs 

The golden mealybug Nipaecoccus aurilanatus, 
(Maskell) (Hemiptera: Pseudococcidae), is an important 
pest of A. cunninghamii and A. bidwillii Hook. in 
Queensland nurseries. Attacks are usually brought 
under control naturally by the mealybug ladybird, 
Cryptolaemus montrouzieri Mulsant (Coccinellidae), 
but sometimes spraying with a chemical insecticide is 
necessary. 

Mole crickets 

Mole crickets, Gryllotalpa nitidula Seville (Orthoptera: 
Gryllotalpidae), are occasional pests o f A .  cunninghamii 
nursery stock. 

Nematodes of Araucaria 

In 1972 surveys were made for nematodes from a 
number of hoop pine nurseries in Queensland. Among 
the nematodes detected, one (Tylenchus emarginatus) 
was present in numbers likely to be a problem (Anon. 
1973). However, there have been no indications that 
nematodes have caused nursery problems in hoop pine. 

Vertebrate pests of Araucaria 

Because seed beds are enclosed in shade cloth, hoop 
pine nurseries do not suffer from bird damage. However, 
the black rat, Rattus rattus, has caused problems by 
taking recently planted seed. The problem is associated 
with untidy nursery surrounds and can be corrected with 
arat control program and ageneral tidy-up. Occasionally, 
the short-nosed bandicoot, Isoodon macrourus, a small 
omnivorous marsupial, uproots seedlings while 
searching for white-grubs in seed beds. Damage can be 
quite extensive but is readily avoided by adequately 
fencing the nursery. 

Eucalyptus species 
In Australia much of the nursery production of 
Eucalyptus has been in some form of container system, 
although bare root production is becoming more 
common. Depending on the location, container 
production ranges from 3 months to 4-5 months and in 
open beds, bare root seedlings are produced over a 9- 
month period. 

Diseases of Eucalyptus 
Grey mould 
One of the most important nursery diseases of Eucalyptus 
spp. in Australian forest nurseries is grey mould caused 
by Botrytis cinerea, the anamorph of Sclerotinia 
fuckeliana (de Bary) Fuckel. The disease affects a wide 
range of Eucalyptus spp. and can be particularly severe 
in containerized plants. Grey mould disease has been 
recorded throughout Australia and as well as foliage 
death causes a stem lesion which usually results in stem 
collapse. The fungus also causes damping-off of eucalypt 
seedlings (Palzer 1980). 

The disease can build up to epidemic levels in a very 
short time, particularly at the end of the growing season 
in autumn when plants are densely spaced and when 
suppressed plants and dead tissue are present. Heavy 
nitrogenous fertilization, resulting in lush, soft growth, 
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favors epidemic disease. Disease may be severe follow- 
ing frost damage of Eucalyptus seedlings. 

Cultural practices are seen as important in reducing 
grey mould problems. These include removal of dead 
material to reduce potential infection foci, improve- 
ment of ventilation by both increased plant spacing and 
lifting plants off the ground, control of amount and time 
of watering to minimize leaf wetness periods and ad- 
justing fertilizer levels to avoid succulent growth. Regu- 
lar fungicidal sprays with copper-based material are 
used in Victoria (Marks et al. 1982) whilst in Western 
Australia arotating schedule of glycophene, vinclozolin, 
benomyl and chlotothalonil is used in autumn. In 
Tasmania, alternate fortnightly spraying of benomyl 
and glycophene is commenced when plants reach a size 
where air circulation is restricted. 

Damping-off 

As with the other forest tree nursery crops, damping-off 
has been a problem with Eucalyptus spp. in Australia 
although there is little reference to it in published work. 
Pathogens involved are species of Pythium and 
Rhizoctonia solani. 

Holmes and Floyd (1969) reported that damping-off 
could be a major problem in raising E. pilularis Smith 
seedlings. They reported that captan seed dressing 
increased germination (possibly by controlling pre- 
emergence damping-off) and advised regular captan 
sprays against damping-off. Palzer (1980) reported that 
filtration of a nursery water supply, for seed germina- 
tion, propagation and glasshouse work, had substan- 
tially decreased damping-off of Eucalyptus spp. Kassaby 
(1985) reported that both steaming and solar-heating of 
a sandy-loam potting mixture reduced damping-off of 
E. obliqua L’Her. He also showed that damping-off 
was greater when nursery water from a contaminated 
source (P. cinnamomi, P. cryptogea and three species of 
Pythium) was used on steamed or untreated potting 
mixture but not when it was used on solar-heated 
mixture. Damping-off losses are now avoided by the 
use of composted potting mixtures or the use of steril- 
ized soil in germination trays, with the use of hygiene 
systems and by altering the time of sowing. 

Phytophthora and Pythium stem and root rots 

Wardlaw and Palzer (1985) reported a stem disease of 
nursery seedlings of Eucalyptus spp. and other plants 
caused by Phytophthora cactorum (Leb. & Cohn) 
Schroet., P. citricola and Pythium anandrum Drechsler. 
The stem rot originated in the leaf axils and extended 
predominantly up the main stem and along leaf midribs, 
killing tissue distal to the stem infection. Wardlaw and 
Palzer reported good control of this disease with thiotox 

or metalaxyl. The primary source of inoculum was 
believed to be the river water used for nursery irrigation, 
On a small scale, filtration of nursery water supply 
controlled this disease on non-eucalypt hosts. The 
subsequent use of a chlorination system has given good 
control on a larger scale, except for one instance when 
re-occurrence of the disease was probably due to 
inactivation of the chlorination by heavy silt loads in the 
water as result of flooding. 

Although Phytophthora cinnamomi has been as- 
sociated with disease of many species of Eucalyptus in 
Australia, most of the records are from natural forest, 
plantations, or experimentally inoculated plants. That 
work has shown that seedlings of many species of 
eucalypt are susceptible, often highly so, and thus 
Phytophthora root rot could be expected to be a nursery 
problem. However, there are very few actual reports of 
P. cinnamomi causing nursery problems with the 
eucalypts. In Queensland, P. cinnamomi caused deaths 
of container E .  pilularis and was subsequently trans- 
ferred to the field on diseasedplants. Weste (1980) also 
reported the transfer of P. cinnamomi to the field by 
eucalypt plants infected in the nursery. 

Cylindrocladium blights 

Keirle (1981) reported the occurrence of 
Cylindrocladium scoparium in New South Wales forest 
nurseries on a number of Eucalyptus spp. Onset of the 
disease coincided with high relative humidities, 
temperature and rainfall. Although it appeared that the 
pathogen had been transferred to plantation areas, there 
was no evidence of widespreadplantationdeaths. Blight 
caused by C.  scoparium, C .  floridanum Sobers & 
Seymour and C. clavatum Hodges & May continues to 
be a serious problem on eucalypt nursery stock in New 
South Wales. According to Rossman (1983), C.  
floridanum is synonymous with C. scoparium. 

Cylindrocladium quinqueseptatum Boedijn & 
Reitsma was reported on a number of eucalypts from the 
tropics at Darwin in the Northern Territory (Pitkethley 
1976). The fungus was associated with leaf spots, leaf 
blight and seedling blight. Rossman (1983) placed this 
species into C .  ilicicola (Hawley) Boedijn & Reitsma. 
Over several years, C.  ilicicola caused severe losses in 
one nursery in tropical Queensland. On the other hand, 
although it was associated with severe disease in plan- 
tations of Eucalyptus spp. in another area of tropical 
Queensland in 1989, it caused little disease on Eucalyp- 
tus spp. in a forest nursery only 25 km away. 

Powdery mildew 
Powdery mildew caused by Oidium sp. is not unusual in 
Eucalyptus nursery stock. Although infection rarely 
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kills seedlings, it can cause severe distortion and 
reduction in growth. In Tasmania, on the most heavily 
infected species, E .  nitens (Deane & Maiden) Maiden, 
heavy infection occurs in the glasshouse or under 50 % 
shade but under 34 % shade it is less serious and is 
undetectable in open beds. Infection rarely persists 
once plants are transferred to the field. 

In Victoria, control of powdery mildew on Eucalyp- 
tus is achieved with colloidal sulphur fungicides (Marks 
et al. 1982). Triadimefon but not benomyl has given 
good control in Tasmania and recently prochloraz also 
gave good control of powdery mildew (Wardlaw and 
Phillips 1990). Triadimefon is also used in New South 
Wales. 

Integrated control of powdery mildew and grey mould 
of E. nitens 
Wardlaw and Phillips (1990) discuss the problems of 
control of Oidium spp. and Botrytis cinerea on E. nitens, 
an important crop species. In the past, control of both 
diseases has meant separate applications of triadimefon 
for powdery mildew and alternating sprays of benomyl 
and glycophene for grey mould. Recent trials have 
suggested that triadimefon can be mixed with either 
benomyl or glycophene without phytotoxic effects thus 
allowing for a single application of those fungicide 
mixtures. Wardlaw and Phillips indicated that trials 
showing the control of powdery mildew with prochloraz 
suggest that this chemical has promise for the control of 
both diseases. 

Other shoot and foliage diseases 
There are a number of Mycosphaerella known to affect 
juvenile leaves of eucalypts. In Victoria, two species 
(M.  cryptica (Cooke) Hansf. and M. nubilosa (Cooke) 
Hansf.) are serious nursery problems. Mycosphaerella 
infect young expanding leaves during warm wet weather 
and symptoms occur 1 to 2 months later (Marks et al. 
1982). They suggest that prophylactic sprays early in 
the growing season would be more effective than 
attempts at control of diseased plants. 

Phaeoseptoria eucalypti Hansf. emen. J .  Walker. is 
another fungus frequently associated with nursery dis- 
ease of eucalypts. Although Walker (1962) reported 
that it had caused severe seedling damage in a New 
South Wales nursery, the fungus appears to be of no real 
significance to current nursery production. 

Walker and Bertus (1971) described Ramularia 
pitereka Walker & Bertus from nursery stock of E. 
maculata Hook and other species from New South 
Wales. The fungus had been observed for a number of 
years causing shoot blight of seedlings over 3 months 
old. According to Walker and Bertus, if not controlled 

by spraying, Ramularia blight could kill or severely 
damage seedlings. This disease continues to be a 
problem in nurseries in New South Wales. In 
Queensland, however, the fungus has only been re- 
corded from plants in the field, never from the nursery. 

Colletotrichum gloeosporioides (Penz.) Sacc., the 
anamorph of Glomerella cingulata (Stonem.) Spaulding 
& Schrenk, can cause a serious blight of seedling 
eucalypts, particularly during wet, showery weather. In 
southem Queensland, similar conditions during autumn 
are associated with a severe leaf spot, particularly of E.  
pilularis and E.  cloeziana F. Muell. The causal agent, 
yet to be confirmed, is believed to be a bacterium of the 
genus Xanthomonas. 

Insect pests of Eucalyptus 
Lepidoptera 
Cutworms, armyworms and budworms. In South 
Australia, the same species of Agrotis, Persectania, 
Pseudaletia and Heliothis mentioned previously as 
pests of Pinus also attack Eucalyptus species in forest 
nurseries. 

Leaf or tip webbing caterpillars. Larvae of the autumn 
gum moth, Mnesampela privata (Guenee) 
(Geometridae), are pests of E. globulus Labill. and E.  
nitens in Tasmanian nurseries and have also been 
reported attacking Eucalyptus spp. in nurseries in New 
South Wales. The tortricids, E. postvittana and M .  
divulsana, mentioned previously as pests of Pinus in 
South Australia, also attack Eucalyptus spp. in that 
state. Larvae of Epiphyas xylodes (Meyrick) 
(Tortricidae) attack a wide range of eucalypt species in 
Tasmania. 

Cup moths. Larvae of Doratifera spp. (Limacodidae) 
are occasional pests of Eucalyptus spp. in New South 
Wales. 

Coleoptera 
Scarab beetle larvae and adults. Insects belonging to 
this group are common pests of Eucalyptus spp. in 
nurseries in most states. In South Australia, larvae of 
Adoryphorus couloni and adults of Diphucephala, 
Heteronyx and Liparetrus are known as pests, while in 
Queensland adult Liparetrus sp. have seriously 
defoliated seedlings of E.  microcorys F. Muell. Larvae 
of the opaline cockchafer, Anoplognathus porosus 
(Dalman), have caused damage to advancedEucalyptus 
spp. stock in New South Wales nurseries. 

Weevils. The eucalyptus weevil, Gonipterus scutellatus 
(Gyllenhal) ( Curculionidae), is a common but minor 
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pest of Eucalyptus spp. seedlings in Tasmania (Elliott 
and deLittle 1984). In South Australia, the weevils G.  
leucoloma and 0. cribicollis attack Eucalyptus spp. as 
well as Pinus. 

Chrysomelid leaf beetles. Adults of Paropsis porosa 
Erichson ( Chrysomelidae) occasionally defoliate 
Eucalyptus spp. in Tasmania. Adult Rhyparida spp. 
cause similar damage in South Australia. 

Grasshoppers and mole crickets 

. In South Australia, the grasshoppers G. musicus and 
Phaulacridium spp. and mole crickets, Gryllotalpa 
spp., damage Eucalyptus spp. in addition to Pinus. 

Psyllids 

The blue gum psyllid, Ctenarytaina eucalypti (Maskell) 
(Hemiptera: Psyllidae), is apest of E. globulus and other 
glaucous Eucalyptus spp. in Tasmania and South 
Australia (Morgan 19843. Species of Ewalyptolyma 
also damage Eucalyptus spp. in South Australia. 

Other insects 

The cotton aphid, Aphis gossypii Glover (Hemiptera: 
Aphididae), infests Eucalyptus spp. in Queensland and 

South Australia. In New South Wales, larvae of the 
steelblue sawfly, Perga affinis affinis Kirby 
(Hymenoptera: Pergidae), occasionally defoliate 
Eucalyptus spp. seedlings while species ofApiomorpha 
(Hemiptera: Eriococcidae), including A .  munita 
(Schrader), cause galls on stem, twigs and leaves. 

Acknowledgements 
The Queensland contributions in this paper result from 
part of the research and operational work programs of 
the Queensland Forest Service. We record our 
appreciation for the work of many Forestry staff in 
nurseries and laboratories for their assistance. We also 
wish to thank J. Kehl and J. Porter for their contribution 
on the vertebrate pests of Queensland forest nurseries. 

This overview of the Australian forest nursery dis- 
ease and pest problems would not have been possible 
without the valued assistance of interstate forest pa- 
thologists and entomologists. The following have con- 
tributed in this way: pathology, J.A. Simpson (N.S.W.), 
G.C. Marks (Vic.), T. Wardlaw (Tas.), E. Scott with 
assistance from R. Boardman and W. Ateo (S.A.) and 
E.M. Davison (W.A.); entomology, R. H. Eldridge 
(N.S.W.), F. G. Neumann (Vic.), R. Bashford and H. J. 
Elliott (Tas.), F. D. Morgan (S.A.) and I. Abbott (W.A.). 

References 
Anon. 1963. Technique for the establishment and maintenance of plantations of hoop pine (Araucaria cunninghamii). Forestry 

Anon. 1964. Forest insect situation in New South Wales. in Documents presented to the FAO/IUFRO Symposium on 

Anon. 1973. Annual Report 1972-1973. Department of Forestry, Brisbane, Queensland. 
Anon. 1989. Australian Forest Resources: Present areas and estimates of future availability of wood. Prepared by Forest 

Resources Committee for the Standing Committee of the Australian Forestry Council, Canberra, February 1989. 
Bacon, G. 1979. An effective pre-emergence weedicide mix for use in Pinus nurseries. South African Forestry Joumal 109:3- 

6. 
Boughton, T. J.; Crane, C. E. 1984 Assessment of Phytophthora disease risk at the Nannup nursery. Forests Department of 

Westem Australia, Research Paper 77,7 p. 
Brimblecombe, A. R. 1945. The biology, economic importance and control of the pine bark weevil Aesiotes notabilis Pasc. 

Queensland Journal of Agricultural Science 2: 1-88. 
Brown, B. N. 1985. Phytophthora cinnamomi root rot in Pinus nurseries: soil fumigation and disease prevention by hygiene. 

Pages 507-514 in D. B. South, editor. Proceedings of the International Symposium on Nursery Management Practices for 
the Southern Pines, Montgomery, Alabama, August 4-9, 1985. School of Forestry, Alabama Agricultural Experiment 
Station, Auburn University and Intemational Union of Forestry Research Organization Subject Group S3.202-03 “Nursery 
Operations”. 

Brown B. N.; Baxter, A. G. M. 1990. Nursery hygiene in concept and in practice. Pages 133-140 in J.R. Sutherland and S.G. 
Glover, editors. Proceedings of the first meeting of IUFRO Working Party S2.07-09 (Diseases and Insects in Forest 
Nurseries), Victoria, British Columbia, Canada. August 22-30, 1990. Forestry Canada, Pacific Forestry Centre, 
Information Report BC-X-331, Victoria B.C. 

Department, Brisbane. 

Internationally Dangerous Forest Diseases and Insects. Oxford, 20-30 July 1964, Meeting No. II/III, ii + 7 p. 

298 p. 
Browne, F. G. 1968. Pests and diseases of forest plantation trees Clarendon Press, Oxford. vi + 1330 p. 
Castles, I. 1989. Year Book Australia 1989. Number 72. Australian Bureau of Statistics, Canberra, xvii + 863 p. 
De Baar, M. 1983. The castor oil looper. Queensland Department of Forestry, Leaflet No. 20.2 p. 
Edwards, 3. W.; Walker, J. 1978. Dothistroma needle blight in Australia. Australian Forest Research 8:125-137. 

13 



3 Eldridge, R. H.; Simpson, J. A. 1987. Development of contingency plans for use against exotic pests and diseases of trees and 
timber. 3. Histories of control measures against some introduced pests and diseases of forests and forest products in 
Australia. Australian Forestry 50( 1):24-36. 

Elliott, H. J.; deLittle, D. W. 1984. Insect Pests of Trees and Timber in Tasmania. Forestry Commission, Tasmania. 90 p. 
Hawkins, P. J.; Muir, J. D. 1968. Aspects of management of plantations in tropical and sub-tropical Queensland. Department 

Holmes, D. A.; Floyd, A. G. 1969. Nursery techniques for raising eucalypts in jiffy pots in the N.S.W. North Coast Forestry 

Kassaby, F. Y. 1985. Solar-heating soil for control of damping-off diseases. Soil Biology and Biochemistry 17(4):429-434. 
Kassaby, F. Y.; Hepworth, G. 1987. Phytophthora cinnamomi: Effects of herbicides on radial growth, sporangial production, 

Keirle, R. M. 1981. Cylindrocladium scoparium Morgan associated with diseased Eucalyptus spp. in New South Wales. 

Magor, V. E. 1979. Survey of nematodes in New South Wales Pinus radiata nurseries. Australasian Plant Pathology 8(4):53. 
Marks, G. C.; Becker, S. L. 1990. Influence of propazine and chlorthal dimethyl on mycorrhizal development in Pinus radiata 

Marks, G. C.; Cerra, R. 1990. Effects of propazine and chlorthal dimethyl on Phytophthora cinnamomi root disease of Pinus 

Marks, G. C.; Fuhrer, B. A.; Walters, E. M. 1982. Tree diseases in Victoria. Handbook No. 1, Forests Commission, Victoria. 
Marks, G. C.; Winoto-Suatmadji, R.; Christie, I. D. 1985. Prafylenchus penerrans (root lesion nematode) - cause of patch 

chlorosis of Pinus radiata seedlings. Australian Forestry 48(2): 109-1 15. 
Marks, G. C.; Winoto-Suatmadji, R.; Smith, I. W. 1987. Effects of nematode control on shoot, root and mycorrhizal development 

of Pznus radiata seedlings growing in a nursery soil infested with Pratylenchus penetrans. Australian Forest Research 

of Forestry, Queensland, Australia. 34 p. 

Commission of New South Wales, Research Note No. 22. 15 p. 

inoculum potential and root disease in Pznus radiata. Soil Biology and Biochemistry 19(4):437-441. 

Australasian Plant Pathology 10(2):34-36. 

seedlings. Australian Joumal of Botany (in press). 

radiata seedlings and associated soil microflora. Soil Biology and Biochemistry (in press). 

17: 1-10. 
Moore, K. M. 1962. Insect attack on Pinus spp. Forestry Commission of New South Wales, Research Note No. 12. 14 p. 
Morgan, F. D. 1984. Psylloidea of South Australia. Govemment Printer, South Australia. 136 p. 
Neumann, F. G. 1987. Introduced bark beetles on exotic trees in Australia with special reference to infestation of Ips grandzcollzs 

Neumann, F. G.; Marks, G. C. 1976. A synopsis of important pests and diseases in Australian forests and forest nursenes. 

Neumann, F. G.; Marks, G. C. 1989. Insect pests and diseases in native forests, pine plantations and forest nurseries. Department 

Newhook, F. J. 1964. Forest disease situation, Australasia. In Documents presented to the FAO/IUFRO Symposium on 

Oxenham, B. L.; Winks, B. L. 1963a. Phyrophthoru root rot of Pinus in Queensland. Queensland Joumal of Agricultural Science 

Oxenham, B. L.; Winks, B. L. 1963b. Pinus damping-off investigations in Queensland. Queensland Joumal of Agricultural 

Palzer, C. 1980. Water-bome pathogens and their simple control. Australasian Plant Pathology 9(1): 11-12. 
Pitkethley, R. N. 1976. Cylindrocladium qurnqueseptatum on myrtaceous tree seedlings. Australian Plant Pathology Society 

in pine plantations. Australian Forestry 50: 166-178. 

Australian Forestry 39(2):83-102 

of Conservation, Forests and Lands, Victoria, Research Report No. 340. 64 p. 

Internationally Dangerous Forest Diseases and Insects. Oxford, 20-30 July 1964, Meeting No. VI, iii + 12 p. 
i 

20(3):355-366. 

Science 20(4):455-461. 

Newsletter 5(4):57. 
Rossman, A. Y .  1983. The phragmosporous species ofNectriu and related genera. Mycological Papers No. 150, Commonwealth 

Mycological Institute, Kew, Surrey, England. 164 p. 
Simmonds, J. H. 1966. Host Index of Plant Diseases in Queensland. Queensland Department of Primary Industries, Brisbane, 

Stahl, W. 1966. The use of Trapex as a soil sterilant in a forest nursery. Australian Forest Research 2(2):35-42. 
Vaartaja, 0.; Bumbiens, M 1967. Organisms associated with root rots of conifers in South Australian nurseries. Plant Disease 

Walker, J. 1962. Notes on plant parasitic fungi. I Proceedings of the Linnean Society of New South Wales 87(2):162-176. 
Walker, J.; Bertus, A. L. 1971. Shoot blight of Eucalyptus spp. caused by an undescribed species of Ramulana. Proceedings 

Wardlaw, T.; Palzer, C. 1985. Stem diseases in nursery seedlings caused by Phytophthora cactorum, P.  citricola and Pythium 

Wardlaw, T.; Phillips, T. 1990. Nursery diseases and their management at the Forestry Commission Nursery, Perth. Tasforests 

Waterhouse, D. F.; Carne, P. B. 1964. Forest entomology in Australia, Papua-New Guinea and the British Solomon Islands. In 
Documents presented to the FAO/IUFRO Symposium on Internationally Dangerous Forest Diseases and Insects. Oxford, 
20-30 July 1964, Meeting No. II/III, ii + 3 p. 

Weste, G. 1980. Vegetation changes as a result of invasion of forest on krasnozem by Phytophthora cinnamomi. Australian 
Joumal of Botany 28:139-150. 

Queensland, ii + 11 1 p. 

Reporter 51(6):473-476. 

of the Linnean Society of New South Wales 96(2):108-115. 

anandrum. Australasian Plant Pathology 14(3):57-59. 

2(1):21-26. 

14 



Winoto-Suatmadji, R.; Marks, G. C. 1983. Pratylenchuspenetrans in Pinus radiata in Victoria. Australasian Plant Pathology 

Winoto-Suatmadji, R.; Marks, G. C. 1984. Pathogenicity of Pratylenchus penetrans to Pinus radiata seedlings. Australasian 

Winoto-Suatmadji, R.; Marks, G. C. 1989. Rotylenchus robustus in a Pinus radiata nursery in Victoria. Australasian Plant 

Winoto-Suatmadji, R.; Marks, G. C.; Kassaby, F. Y. 1985. Suppressive effect of ridomil and nemacur on root-lesion nematodes 

Wylie, F. R.; Yule, R. A. 1978. Pine bark weevil. Queensland Dept. For. Advisory Leaflet No. 1. 3 p. 
Young, H. E. 1948. Rhizoctonia root rot of hoop pine. Queensland Joumal of Agricultural Science 5:13-16. 

12(2):29-31. 

Plant Pathology 13(1):5-6. 

Pathology 18(2):38. 

in radiata pine seedlings, 1983. Fungicide and Nematicide Tests 40:108. 

15 





Diseases of forest nurseries in Brazil 

FRANCISCO ALVES FERREIRA AND JAMES J. MUCHOVEJ 

Departamento de Fitopatologia 
Universidade Federal de Vicosa 

36570 Vicosa, MG, Brazil 

Presented at the first meeting of IUFRO Working Party S2.07-09 
(Diseases and Insects in Forest Nurseries), Victoria, British Columbia, Canada, August 22-30,1990. 

Abstract 
The important diseases of Eucalyptus, Hevea rubber, Pinus, Ip2, and diseases which are not host-specific, are 
described for Brazilian forest nurseries. Chemical and cultural practices currently being used against these diseases 
are also described. 

Growing seedlings (on benches to prevent contact with the soil) in containers with a small volume of sterilized 
growing medium allows production of seedlings that are free of soil-borne pathogens. This is especially important 
for Eucalyptus and Pinus. These practices and use of sanitation measures results in minimal disease losses. They 
also prevent soil-borne pathogens being introduced into new areas on ornamental and fruit trees seedlings. Another 
advantage is that fungicide useage is reduced. Fungicides are only used for air-borne pathogens which become 
evident during the growing season. Development of seedlings that are genetically resistant to disease is not practical 
as such resistance is best used against diseases in the field. 

Resume 
Le prCsent article comprend une description des principales maladies touchant les genres Eucalyptus, Pinus, certains 
Hevea et Ips ainsi que de certaines maladies non spCcifiques de l’h6te dans des ptpinikres forestibres du BrCsil. Des 
mCthodes de protection chimiques et culturales actuellement utilisCes contre ces maladies sont Cgalement dCcrites. 

Laculture de semis en rkcipients (disposCs sur des banquettes pourkviter le contact avec le sol) contenant un petit 
volume de milieu de croissance stCrile assure la production de semis qui sont exempts de pathogknes du sol. Cette 
pratique est particulibrement importante dans le cas des genres Eucalyptus et Pinus. Elle permet, conjointement avec 
l’application de mesures sanitaires, de riduire le plus possible les pertes causCes par les maladies. Elle permet 
Cgalement d’tviter que des pathogknes du sol soient introduits dans de nouvelles zones oil se trouvent des semis 
d’arbres omementaux ou fruitiers. Autre avantage, elle rCduit l’utilisation des fongicides. Ces demiers ne sont 
appliquCs que pour dCtruire les pathogbnes prCsents dans l’air qui se manifestent au cours de la saison de croissance. 
I1 n’est pas pratique de sklectionner des semis gCnCtiquement rdsistants aux maladies en pCpinikre, car la rCsistance 
est plus utile contre des maladies rencontrtes sur le terrain. 

Introduction 
About 8 5 11 900 km2 of Brazil are tropical or sub- 
tropical. Plantation forests cover slightly more than 7 
million ha, with about 5 million ha in Eucalyptus. Only 
maize and soybeans occupy more land than forest 
plantations. 

The purpose of this paper is to briefly discuss the 
principal diseases in Brazilian forest nurseries and their 
control. 

Eucalyptus diseases 
Damping-off(l,2,5,6, 7,10,11,13) 
Four seedling growth stages need to be considered 
when studying the etiology, epidemiology and control 

of damping-off (i) the pre-emergence stage; (ii) the 
pre-thinning stage which begins with seedling emer- 
gence and continues through seedling thinning or trans- 
planting; (iii) the post-thinning or post-transplant stage 
which begins with the thinning or transplanting of 
seedlings and continues until seedling canopy closure - 
when plant crowding occurs; and (iv) the closure stage 
which begins with canopy closure and lasts until seed- 
lings are lifted for outplanting (Figures 1 and 2) (Ferreira 
1989). Under normal conditions stages ii-iv occur 40, 
60, and 120 days from germinant emergence. The 
pathogens involved are mostly Rhizoctonia solani, 
Cylindrocladium scoparium, and C. clavatum in the 
pre-emergence stage, R .  solani and both 
Cylindrocladium in the post-thinning stage (Figure 2) 
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although disease seldom occurs during this stage (Fig- 
ure 3), and Botrytis cinerea and C.  scoparium in the 
closure stage. 

Girdling lesions and stem wilting are found only in 
the pre-thinning stage. Symptoms in the other stages 
consist of a girdling lesion anywhere on the stem, 
especially above the lower, lignified portion of the 
stem. Seedlings then wilt without drooping. Botrytis is 
the only pathogen which affects branches, leaves, and 
apical meristems and causes blight or basal stem lesions 
immediately above the lignified tissues (Figure 2). 

Until 1970, damping-off was very common and 
severe in Brazilian nurseries. More recently, its 
prevalence has decreased with the introduction of direct 
seeding into plastic bags rather than into seedbeds. 
Direct seeding reduced damping-off because (i) plant- 
ing density is lower, (ii) less organic material is present, 
(iii) seedbeds are drier, (iv) thinning causes less damage 
to residual seedlings, and (v) there is less dispersal of 
pathogens since the growing containers restrict root 
contact and water dispersal of inoculum among contain- 
ers (Figure 1). 

About 1984, seedlings began to be produced in 
tubettes in Brazil. Tubettes are conical or pyramidal (3 
x 20 cm) plastic containers which contain only about 
20% as much growing medium as plastic bag contain- 
ers. The growing medium contains vermiculite to make 
it lighter. Ninety-six or more tubettes can be placed in 
a Styrofoam rack (or other holder) and suspended above 

the soil, a practice that allows soil moisture to be 
controlled. Both from an economic and practical view- 
point, use of tubettes allows seedlings to be grown in a 
pathogen-free medium (fumigated or sterilized) with- 
out the containers contacting the ground and becoming 
contaminated with soil-borne microorganisms. More- 
over, contamination of the growing medium by patho- 
gen-contaminated rain or irrigation water is prevented. 
The light weight of the growing medium favors sanita- 
ion practices such as culling diseased seedlings. These 

High 
humidity 

Inoculum transferred 
from seedbeds to 

containers 

Pre-thinning stage Post-transplant Closure stage I 
or post-thinning stage 

Figure 1. Systems of nursery management using soil seedbeds 
(above) and direct seeding to containers (below). 

Seed mortality Girdling near collar 
(Rhizoctonia and (Rhizoctonia and 
Cylindrocladium) Cylindrocladium) 

Girdling with Girdling sometimes 
gray mold with white 
(Botrytis) sporulation 

(Cylmdrocladwn) 

Pre-emergence Pre-thinning Post-thinning or 
or sowing stage stage post-transplant 

stage 

Closure 
stage 

Figure 2. Stages of seedling production and damping-off pathogens. 
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practices, mostly done with older seedlings, include 
removal of containers with dead or underdeveloped 
seedlings and removal of leaves which have fallen on 
the surface of the growing medium. After canopy 
closure, damping-off can start on weakened seedlings, 
then affect healthy seedlings. Botrytis cinerea is preva- 
lent at this stage of seedling growth, and it sporulates 
readily on fallen leaves and weakened seedlings. Roug- 
ing of diseased and under-height seedlings reduces B. 
cinerea inoculum. Fertility levels can also be adjusted 
to benefit smaller seedlings so that more uniform seed- 
lings are available for outplanting (Figure 3). 

Thus, control of damping-off of Eucalyptus is 
achieved by several nursery practices which include (i) 
sowing pathogen-free seed, (ii) use of pathogen-free 
racks and tubettes, (iii) direct seeding into containers 
(tubettes, if possible) containing a pathogen-free grow- 
ing medium, (iv) thinning seedling densities as soon as 
possible (before the seedlings reach 7 cm height), (v) 
imgation with pathogen-free water, and (vi) culling 
seedlings for uniform height at least twice after canopy 
closure. During culling, diseased or dead seedlings are 
discarded and their tubettes are removed along with 
senescent or fallen leaves. With these practices, disease 
is rarely found in the pre-thinning and post-thinning 
stages. When disease occurs after canopy closure, it is 
easily controlled by rouging. However, in large nurser- 
ies, long periods of rainy weather and the large size of 
some nurseries can reduce the effectiveness of cultural 

controls. In such cases fungicides are used. Fungicide 
applications should be made every 14 days or more 
frequently, and culling of small and diseased seedlings 
should continue (Figure 3). 

When disease is observed, Rhizoctonia can be diag- 
nosed in less than 24 hours (Ferreira 1989). Botrytis can 
be identified by presence of conidia and conidiophores 
which normally form on diseased seedlings. Absence 
of Rhizoctonia and Botrytis suggests Cylindrocladium. 
Once the pathogen is identified, fungicides can be 
sprayed twice a week for the first 2 weeks after disease 
initiation. A sequence of fungicides are used against 
Cylindrocladium and Botrytis, i.e., 35 g of benomyl + 
150 g of thiram or 35 g of benomyl + 100 g of captan (a.i. 
per 100 L). For Rhizoctonia control the recommenda- 
tion is 120 g of thiabendazole + 150 g of thiram (a.i. per 
100 L). When the pathogen is unknown, altemate 
applications of 35 g of thiabendazole + 100 g captan + 
35 g of benomyl + 100 g thiram (a.i. per 100 L) can be 
used on seedlings in the pre-thinning and post-thinning 
stages. Fungicides recommended for Cylindrocladium 
and Botrytis are applied after seedling canopy closure 
(Figure 3). 

Genetic resistance is best used to combat diseases of 
outplanted stock as under field conditions, chemical 
and cultural measures are impractical. Nursery disease 
problems can be solved using cultural and chemical 
controls. 

A - Thiabendazole + Captan 

B - Benomyl + Thiram 

A - Benomyl +Thiram 

+ Captan 
120 100 Four, interspaced sprays (actual 35 150 

ingredients in grams/100 L of A and 
B) for the first 14 days after disease: 

35 150 35 100 

I I 

~ ~ : ~ i % t o n i a  and Cylindrocladium 

Pre-emergence stage Pre-thinning stage Post-thinning stage Closure stage 

Boxes or containers . Boxes suspended Rouging 
cleaned in tap water 
ammended with 21 0 g 
thiram + 120 g captan and 
100 L of 780 ppm of CI 

Two selections of 
seedlings by height 

and rouging 

- Sterilized substrate in boxes or container 
- Pathogen-free seeds 
- Irrigation with pathogen-free water 

Crushed 
Rock 'y 

Figure 3. Integrated control of damping-off of eucalypts in Brazil. 
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Rots of cuttings (1,3,4,5) 

Cylindrocladium spp., R .  solani and Fusarium spp. 
decrease rooting of cuttings in greenhouses. Lesions 
caused by these fungi are most common at the soil line, 
but sometimes form elsewhere on seedlings. Inoculum 
comes either from field soil which accompanies the 
cuttings or from greenhouse soil. Rain or irrigation 
water appears to be the main method by which inoculum 
is spread. Control is based primarily on keeping steril- 
ized growing containers off the ground, and immersing 
the cuttings in 250 ppm chlorine for 1 minute. Fungi- 
cide sprays are applied twice each week with alternate 
sprays of 35 g benomyl + 150 g thiram and 35 g benomyl 
+ 100 g captan (a.i. per 100 L) being used. All diseased 
cuttings are rouged and every 40 days all cuttings are 
removed from the greenhouse and a new crop is brought 
in. The greenhouse should be filled in one operation. 
All growing containers are washed in running water and 
then treated with 210 g thiram + 120 g captan per 100 L 
of aqueous 780 ppm active chlorine. After 1 or 2 crops 
have been grown (40 to 80 days), greenhouse soil 
should also be treated with this suspension. 

Eucalyptus rust (5,14) 

Under nursery conditions this disease is restricted to 
highly susceptible hosts, i.e., Eucalyptus cloeziana, E. 
grandis (South African provenance), and E. phaeotricha. 
The provenance of E. grandis which has been exten- 
sively planted in Brazil is no longer used as it is 
extremely susceptible to this disease. In 1974, one 
nursery lost 400 000 Eucalyptus seedlings to rust. Eu- 
calyptus phaeotricha has been planted in experiments, 
but so far shows no promise as a forest tree. However, 
E. cloeziana is an excellent species for some regions and 
especially for charcoal production. In plantations, rust 
severely affects this species at the rebudding stage. 

In E. cloeziana nurseries, Peridermium psidii pro- 
duces abundant yellow urediniospore pustules on the 
tender stems and twigs, resulting in seedling death. 
Beginning about 14 days after disease onset, tender 
parts of diseased seedlings become necrotic and then 
dry. Weekly sprays of 160 to 200 g of copper oxichloride 
or mancozeb or 70ml of triadimenol or 28 ml of triforme 
(a.i. per 100 L) are recommended to control rust on E. 
cloeziana. 

Minor diseases 
Powdery mildew (5) 

Species of Oidium cause brooming and foliar deforma- 
tion of E. citriodora seedlings, but seedlings of other 
species normally suffer little damage. Weekly sprays of 
wettable sulfur (250 g/100 L) or benomyl (35 g/100 L) 
twice a month are recommended. 

Phaeoseptoria leaf blight (5) 
In Brazilian nurseries, Phaeoseptoria eucalypti affects 
only seedlings that are more than 4 months old. Nor- 
mally, seedlings are 3 months old when outplanted; 
thus, this disease is not a problem if seedlings are 
outplanted on time. The pathogen occurs on mature 
(old) leaves and can cause defoliation, especially in E. 
camaldulensis, E. teretricornia, E. citriodora, and E. 
urophylla. Twice monthly sprays of benomyl (35 g/100 
L) or carbendazim (50 g/100 L) also control the disease. 

Alternaria leaf spot (5) 

Alternaria tenuissima causes leaf spots of older, chlo- 
rotic (nutrient-deficient) seedlings of E.  grandis. The 
spots are irregular, less than 10 mm in diameter, with a 
light yellow center and a yellow-brown halo. Seedlings 
that are kept too long in the nursery are particularly 
susceptible, especially if not fertilized adequately. 
Weekly sprays of 200 g mancozeb per 100 L are 
recommended when the disease first appears. 

Nursery diseases of Hevea rubber trees 
Diseases of Hevea rubber nursery seedlings which 
occur on new leaflets merit control. These controls are 
listed in Table 1. 

South American leaf blight (5 ,8,9)  

South American leaf blight caused by Microcyclus ulei 
is the only disease which has received much attention in 
Brazil. This disease causes severe defoliation. Symp- 
toms occur only on new leaves and include curling and 
deformation caused by small, irregular lesions on the 
leaf undersurface. Lesions may be covered by dry 
grayish green or brownish green spores of the imperfect 
stage of the fungus. In mature leaves, dark stroma form 
either at random or in circles. These constitute the 
“sand paper” stage of the disease and pycnidia and 
perithecia form within these stroma. 

Ring spot (5,9) 

Ring spot is caused by Thanatephorus cucumeris. One 
of the first indicators of the disease is small drops of 
latex exuded on the underside of leaves. These drops 
oxidize, becoming dark. Lesions then spread, forming 
broad yellow to brown arcs which may be irregular and 
discontinuous or spiral and concentric. 

Anthracnose (5,9) 

This disease, caused by Colletotrichum gloeosporioides, 
is characterized by many small lesions which are often 
surrounded by chlorotic halos. When these occur on 
leaf veins, a severe leaf curl can be produced. 
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Table 1. Chemical controls recommended for Hevea rubber nurseries and for clonal gardens seedlings. 

Disease and pathogen Fungicide (a.i./100 L) Comments 

South American leaf blight benomyl 
(Microcyclus ulei) methyl 

thiophanate 
carbendazim 
mancozeb 
triforine 
propiconazol 
chlorothalonil 
mancozeb 
triforine 
propiconazol 
chlorothalonil 

Blight 
(Phytophthora spp.) 

Ring spot 
(Thanatephorus cucumeris) 

metalaxyl- 
copper oxide 

metalaxyl- 
mancozeb 

dodine 
metalaxyl- 

dodine 
cymoxanil- 
maneb-zinc 

copper oxi- 
chloride 

cupric oxide 
metalaxyl- 

dodine 
cymoxanil- 

dodine 

copper oxide 

mancozeb + 

mancozeb + 

triadimefom 

copper 
oxichloride 

cupric 
oxide 

Anthracnose copper 
(Colletotrichum gloeosporioides) oxichloride 

cupric 
oxide 

chlorothalonil 

Corynespora leaf spot benomyl 
(Corynespora cassiicola) 

50 

100 
90 
320 
28.5 
7.5 
315 
1.6 kgha 
0.228 kg/ha 
0.075 kgha 
0.9 kgha 

70 

58 
71.5 

0.56 kgha 
0.5 kgha 

1.24 kgha 

2 kgha 
2 kg/ha 

0.193 kg/ha + 
0.325 kgha 

0.408 kgha + 
0.325 kgha 

30 

150 

150 

150 

150 
150 

35 

Weekly sprays in 
the rainy season and 
twice monthly during 
the dry season 

Weekly sprays in 
the rainy season 
and twice monthly 
during the dry season 

Weekly sprays in 
the rainy season 
and twice monthly 
during the dry season 

Weekly sprays 
after grafting 

Weekly sprays after 
grafting 

Weekly sprays 
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Other diseases of Hevea rubber which sometimes 
occur in nurseries include Phytophthora blight and leaf 
spots caused by Alternaria sp., Corynespora cassiicola 
and Periconia manihoticola. 

Nursery Diseases of Pine (5,12) 

In Brazil, pine is seldom affected by disease either in 
nurseries or in the field. In the nursery, the only disease 
which has received attention is damping-off (R.  solani, 
Cylindrocladium spp., Fusarium spp, andPythium spp.). 
Preventive alternate sprays of 35 g benomyl + 130 g 
captan and 35 g benomyl + 150 g thiram (per 100 L) are 
recommended. These sprays may also be applied if the 
disease appears late in the growing season. Also, 
cultural controls given in the section on Eucalyptus may 
be applied. 

Nursery Diseases of Zp2 (5) 
Besides producing a high quality wood, trees of the 
genus Tabebuia produce exquisite flowers and so the 
trees are also used as omamentals. Tabebuia serratifolia, 
T. rosea, and T. odontodiscus are the three most com- 
mon species planted in Brazil. Tabebuia serratifolia is 
the Brazilian national tree. 

The most important disease of Ip6 in nurseries is a 
rust (Prospodium bicolor) which occurs only in south- 
eastem Brazil on T. serratifolia. Basidiospore infection 
results in gall formation which severely deforms young 
seedlings, making them worthless. This fungus is 
autoecial and long-cycled and is an excellent teaching 
model for tropical forest rusts. The galls are initially 
light green in the pycnial stage and become covered 
with brown powdery spores during the aecial stage. 
Sprayings every 15 days with 40 mL triadimenol + 120 
g mancozeb per 100 L are recommended for seedlings 
up to 6 months of age. For older seedlings, controls 
include removal of old leaves, stimulation of uniform 
flushes of leaves through fertilization, and spraying 
with the aforementioned fungicides at 15, 30 and 45 
days after fertilization. 

Two other diseases which produce leaf spots are 
caused by Corynespora cassiicola and Asteromidium 

tabebuia. Occasionally Corynespora leaf spot can 
severely defoliate seedlings of any of the three Tabebuia 
species. The spots are dark and irregularly circular with 
a central white dot. Asteromidium leaf spot occurs in 
hot humid tropical areas. Spots are reddish brown and 
round (up to 2 cm in diameter). Normally, many spots 
occur on each leaf. Both diseases can be controlled by 
weekly sprays of 200 to 300 g of mancozeb per 100 L, 
or twice monthly sprays of 35 g benomyl per 100 L. 

Seedlings of Tabebuia are frequently attacked by 
the nematode Meloidogyne javanica. To avoid this 
problem, growing media must be sterilized and kept off 
the ground. Preventing infection avoids dissemination 
of this pathogen on diseased seedlings. 

Non-host-specific diseases 
Basal rot 
Basal rot (Sclerotium rolfsii) can affect virtually all 
species of nursery seedlings, e.g., known hosts occur in 
the genera Tabebuia, Joanesia, Cesalpinea, and Arau- 
caria planted in non-sterile soil from bean (Phaseolus) 
fields. Control measures include sterilization of the soil 
or growing medium plus spraying with 300 to 400 g 
quintozene per 100 L every 3 days once the disease has 
occurred. 

Hypocotyl girdling 

A disease of seedlings of a native legume (Cesalpinea 
peltoforoides) caused by Rhizoctonia solani has the 
potential to attack other native species, especially when 
seeds are collected from the ground. In nursery beds 
fumigated with methyl bromide cotyledons are affected 
by a seed-bome fungus from the attached seed coat. The 
fungus then moves onto the stem. Recommended 
controls include seed treatment with 120 g thiabendazole 
+ 160 g thiram per 100 kg seeds, use of sterilized 
growing media and spraying twice weekly with alter- 
nating sprays of 120 g thiabendazole and 35 g benomyl 
until the seedlings have lost their cotyledons. 
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Abstract 
This paper reviews the damage and hosts, disease or life cycles and management practices for the major diseases 
and insects affecting forest nursery seedlings in Canada. 

Resume 
Cette Ctude passe en revue les dCglts, les hBtes, les cycles de vie et les moyens de gestion des principales maladies 
et des principaux insectes attaquant les semis des pkpinikres forestikres au Canada. 

Introduction 
Since the late 1960s, an ever increasing number of 
seedlings produced in Canada have been grown in 
containers. In 1984 (Glerum 1990) there were 144 
forest nurseries in Canada of which 70% (101) were 
producing container-grown seedlings while the remain- 
ing 30% were bareroot facilities. This trend of growing 
seedlings in containers has continued; in 1989 over 75% 
of Canada’s annual production of 904 million seedlings 
were container-grown (Glerum 1990). This technologi- 
cal change of growing seedlings in containers rather 
than in bareroot beds has had a major impact on the 
abundance and importance of particular nursery dis- 
eases and insects across the country. For example, soil- 
bome diseases such as damping-off which are impor- 
tant in bareroot nurseries are much less severe in con- 
tainer facilities where the growing medium (mainly 
peat) is normally pathogen-free. Conversely, shoot 
diseases and in particular gray mold (caused by Botrytis 
cinerea Pers.), which seldom affects bareroot seed- 
lings, are major impediments to container seedling 
production. Seed-bome pathogens including species of 
Fusarium and Sirococcus strobilinus Preuss are an- 

other group of pathogens whose importance has in- 
creased with the increased emphasis on container-grown 
seedlings. Similarly, the importance of certain insects 
has changed as exemplified by the decreasing impor- 
tance of white grubs [(e.g. Polyphylla decemlineata 
(Say)] which damage bareroot seedlings while the im- 
portance of fungus gnats (most commonly Bradysia 
species) has paralleled the increased production of 
seedlings in containers. Another recent change is in the 
way nursery diseases and insects are managed. Recent 
environmental concerns about use of pesticides have 
given added importance to nursery pests; not only do 
they cause direct losses, but their occurrence may ne- 
cessitate use of fungicides or insecticides. Because of 
these concerns, today’s nursery managers and workers, 
and tree planters, are becoming more interested in the 
use of cultural and biological controls for nursery dis- 
eases and insects. 

The purpose here is to review the major disease and 
insect problems currently affecting forest nursery seed- 
lings in Canada. Topics covered include types of 
damage and hosts, disease and life cycles, and present 
day management practices. Because most research 
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(and unpublished information) on nursery diseases and 
insects in Canada has been done in British Columbia, 
Ontario and Quebec, the majority of our examples are 
from those provinces. More detailed information on 
many of the topics is available in Sutherland et ul. 
(1989). Because of space limitations, we have not 
covered diseases and insects of minor importance. 

Major diseases 
Damping-off 
Both pre-emergence and post-emergence damping-off 
affect a wide range of seedling species (both coniferous 
and broadleaf) in nurseries across Canada. Since most 
damping-off fungi are soil-bome, losses are much more 
serious in bareroot than in container nurseries. In 
container nurseries, seed and seedling losses are often 
traced to contaminated growing media, especially peat, 
or to pathogens introduced on seeds (e.g. Fusarium) or 
in irrigation water. In bareroot nurseries the same 
pathogens cause damping-off and many root rots, and 
mostly include species of Pythium, and occasionally 
Phytophthora,  Fusarium, Rhizoctonia and 
Cylindrocladium while Pythium and Fusarium most 
commonly affect seeds and seedlings n container- 
nurseries. Caloscypha fulgens (Pers. ) Boudier (the 
seed or cold fungus) causes pre-emergence failure of 
spruce seeds and nonserotinus pines in both container 
and bareroot nurseries. Whereas damping-off tends to 
be sporadic in containers, the disease is endemic in most 
bareroot nurseries with annual losses of 5 to 20% of the 
seeds and seedlings. In years when weather, soil and 
other factors favor damping-off, losses of 60 to 80% of 
the crop are not uncommon. Besides the direct losses 
from killing seeds and seedlings, damping-off frequently 
kills adjacent seedlings or patches of seedlings, thereby 
affecting stand uniformity and resulting in uneven- 
sized stock at lifting. 

The general biology and disease cycle of most 
damping-off pathogens is similar and although they are 
soil-bome they are usually poor competitors in soil. 
Instead they survive by colonizing pieces of organic 
matter including old root pieces and sawdust (often 
used for mulching) from which they grow to attack 
nearby seeds or germinants (pre-emergence damping- 
off) or succulent stems about groundline (post-emer- 
gence damping-off). Thus, infection occurs via vegeta- 
tive mycelium whereas asexual conidiospores serve 
mainly in pathogen dispersal. Many damping-off fungi 
form sclerotia, oospores or chlamydospores for over- 
wintering or survival of other adverse conditions. Sexual 
spores are, overall, rare. Damping-off ceases to be a 
problem once seedling stems become woody. 

Measures used to control damping-off vary across 
Canada and especially among nurseries: the intensity of 
individual efforts is largely related to the severity of 
damping-off experienced in the past at a particular 
nursery. Nurseries where the disease has been habitu- 
ally severe may rely on soil fumigation (e.g., dazomet), 
particularly when weeds or insects are also problems. 
Where damping-off is less damaging or only sporadic, 
the nursery may rely solely on one or a combination of 
cultural practices. Such cultural practices include sow- 
ing stratified seeds in the spring, sowing seeds after soil 
temperatures are warm enough to promote germination, 
maintaining soil pH at4.5-5.5, usingdamping-off prone 
areas for transplants, and withholding nitrogenous fer- 
tilizers until seedling stems are woody. All too often, 
the most important remedy for managing damping-off 
is overlooked in selecting the nursery site: nurseries 
with light, sandy, well drained soils suffer less damp- 
ing-off than those on heavy, poorly drained, clay soils. 
Not only do nurseries with heavy soils have more 
damping-off, but management practices such as soil 
fumigation and fallowing are consistently less effective 
on these soils. 

Cylindrocladium root rot 

Cylindrocladium species cause an important root rot of 
conifers and hardwoods in eastem Canadian (especially 
Ontario and Quebec) forest nurseries. Cylindrocladium 
floridanum Sobers & Seymour was first detected in 
both Quebec and Ontario nurseries in the late 1960s and 
early 1970s. By 1988, the fungus had been detected in 
all 10 provincial bareroot nurseries in Ontario. All 
conifer species grown in Ontario and Quebec bareroot 
nurseries are susceptible to the fungus, except perhaps 
eastem white cedar (Thuja occidentalis L.). In both 
Ontario and Quebec, black (Picea mariana (Mill.) 
B.S.P.) and red (P. rubens Sarg.) spruce transplants are 
the most susceptible conifers grown. Several nursery- 
grown hardwoods, particularly black walnut (Jugluns 
nigra L.) and yellow poplar (Liriodendron tulipifera 
L.), are also susceptible. 

In 1986 and 1987,430 000 spruce seedlings were 
culled due to Cylindrocladium root rot in five Ontario 
nurseries. Assessments in 1988 and 1989 revealed 
incidence levels of 1 to 40% within individual fields in 
various Ontario nurseries. 

Although Cylindrocladium can cause damping-off, 
foliage and shoot blight, stem cankers, and root rots, it 
usually causes root and root collar rot. The fungus 
overwinters as thick-walled microsclerotia in the soil or 
in infected plant material. Microsclerotia can survive in 
fallow nursery soil for at least 15 years. Favorable 
environmental conditions stimulate germination of 
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microsclerotia and the fungus infects seedling roots. 
Disease symptoms first become evident from mid- 
summer to early fall. Foliage of root-rotted seedlings 
becomes chlorotic or yellow, lateral shoots may droop, 
and finally foliage becomes reddish brown. Cortical 
cells of infected roots are first water-soaked and then 
discolored and finally, in advanced stages, roots are 
necrotic. 

Recent efforts at disease management include re- 
stricting movement of infested soil and infected stock, 
root raking of infested soil to remove plant material 
following seedling lifting, and fumigation with dazomet. 
Nursery machinery is washed to remove soil after 
leaving fields with a high disease incidence. Cover 
crops are commonly used in nurseries to prevent soil 
erosion during non-crop years; this builds up soil or- 
ganic matter and retains or increases soil nutrients. The 
“Green Leaf’ variety of sorghum-sudangrass which 
was previously used in southem Ontario nurseries failed 
to reduce fungus populations and disease incidence. 
Alfalfa and other leguminous species should not be 
used on nursery fields where Cylindrocladium occurs. 
Soil solarization significantly reduced levels of fungus 
microsclerotia in soil in experiments in southem Ontario 
in 1987 and 1988, but solarization has not been tried 
operationally. Repeated cultivation of fallow fields 
during hot summer months did not reduce levels of the 
fungus in Ontario nursery soils. Moreover, the practice 
adversely affected survival and growth of spruce trans- 
plants. 

Other root problems 

Other root diseases less devastating than 
Cylindrocladium root rot damage both broadleaf and 
conifer seedlings throughout Canada. The main fungi 
implicated are species of Pythium, Fusarium and 
Cylindrocarpon; unfortunately, not much is known 
about their biology or pathology in Canadian nurseries. 
The soil-borne nature of these fungi almost certainly 
implies that they are indigenous in most bareroot nurs- 
ery soils. Their origin is far from clear in containers, but 
they could be introduced by wind, on growing media 
peat, with irrigation water (Pythium in particular), or on 
seeds (as in the case of Fusarium). Damage varies from 
severe to inconspicuous; in the latter case the term “root 
thief’ (Unestam and Beyer-Ericson 1991) is appropri- 
ate. Disease occurrence and intensity, as shown in 
Sweden (Unestam et al. 1989), is undoubtedly related to 
stress resulting from such cultural practices as using 
drought to restrict seedling shoot height. Hopefully, 
research initiated recently in British Columbia by P. 
Axelrood, J. Sutherland and H. Kope will clarify the 
biology and pathology of these root problems and allow 

biological and cultural controls to be used for their 
management. 

Nematodes 

Several genera of soil inhabiting nematodes (Phylum 
Nematoda) have been recorded from Canadian bareroot 
nurseries. These include (genera in parentheses) root 
lesion nematodes (Pratylenchus), pin nematodes 
(Paratylenchus), and the stubby root nematode 
Paratrichodorus pachydermus (Seinhorst) Siddiqi 
which damages bareroot eastem white pine (Pinus 
strobus L.) seedlings in southem Ontario. However, 
Xiphinema bakeri Williams, the cause of corky root 
disease, is the only nematode which so far has been 
documented as causing serious damage. In the 1960s, 
corky root resulted in several million seedlings (mainly 
Douglas-fir, Pseudotsuga menziesii (Mirb.) Franco) 
being culled in coastal British Columbia bareroot nurs- 
eries. The nematode, indigenous to coastal forests, is 
found in coastal nurseries recently established on such 
sites, especially those with very sandy soils. Besides 
being sandier and with many moreX. bakeri nematodes 
than disease-free soils, soils conducive to corky root are 
also less fertile. Xiphinema bakeri can also be brought 
into disease-free nurseries on X. bakeri-infested soils 
used to “lighten up” heavier soils. Although Douglas- 
fir is most susceptible, X .  bakeri damages all species of 
seedlings grown in coastal nurseries including spruces 
and western hemlock (Tsuga heterophylla (Raf.) Sarg.). 
Westem hemlock is now grown exclusively in contain- 
ers. Symptoms appear in mid to late summer of the first 
growing season; diseased root systems lack laterals and 
have a dark, swollen, often club-tipped tap root. Af- 
fected seedlings have chlorotic, stunted shoots. Ini- 
tially, symptoms appear on individual seedlings, and as 
the disease progresses patches of diseased seedlings 
appear. These may coalesce to form larger patches up 
to 1 ha in size. The disease intensifies during the second 
growing season so that corky root seedlings are dis- 
carded at lifting. The life cycle of X .  bakeri consists of 
the egg stage, four pre-adult stages, and the adult stage; 
males are rare. Sutherland et al. (1989) give a detailed 
account of the biology and pathology of X. bakeri. 

Corky root can be controlled with broad spectrum 
soil fumigants or nematicides, but in British Columbia 
bare fallowing between crops accompanied by frequent 
cultivation during the summer are used to reduce nema- 
tode numbers to non-damaging levels. 

Gray mold 

Gray mold caused by the fungus Botrytis cinerea is the 
most serious disease of container-grown seedlings in 
Canada. Although both cultural and fungicidal controls 
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are available, significant losses are still experienced in 
some nurseries. Botrytis cinerea occurs throughout the 
world, and has a host range of up to 235 species. The 
disease, which is seldom a problem in bareroot nurser- 
ies, is a classic example of how a technological change 
can result in a pathogen increasing in importance. The 
container nursery environment is ideal for the disease as 
large numbers of highly fertilized, succulent seedlings 
are grown under crowded conditions. Another factor 
which favors this disease is overhead irrigation in 
container nurseries. This results in long periods during 
which the foliage is wet or in which humidity is very 
high within the seedling canopy. Crowding of seedlings 
provides an abundance of senescent or dead needles 
which allows the fungus to become established as a 
saprophyte before moving onto green needles as a 
parasite. 

Most forest tree species are susceptible to gray 
mold, although conifers are the most seriously affected. 
In eastem Canada, jack pine (Pinus banksiana Lamb.), 
white spruce (Picea glauca (Moench) Voss) and espe- 
cially black spruce seedlings are affected; in westem 
Canada, spruces, westem hemlock and Douglas-fir 
suffer the most damage. In eastem Canada, losses to 
Bottytis have also been observed in Norway spruce 
(Picea abies (L.) Karst.) cuttings. 

Signs of the disease include the presence of gray 
mycelium and spores and black sclerotia on the senes- 
cent lower needles and stems of affected seedlings. 
Visible clouds of spores are released when severely 
affected seedlings are handled. Brownish, water-soaked 
lesions can be found on stems, and seedlings may be 
girdled. Damage varies among nurseries and from year 
to year. Gray mold destroyed 1% of the container- 
grown seedlings in Ontario in 1988 and 1989. Variation 
in damage levels is caused by local weather conditions 
and varying nursery cultural practices. 

Botrytis cinerea lives as a saprophyte on organic 
material within and around the nursery where it pro- 
duces large numbers of air-bome spores. These spores 
are introduced into the nursery by wind and are drawn 
into greenhouses by ventilating fans where in early 
summer they are thought to infect senescent or dead 
needles in the lowest portion of the seedling crown. 
After infection, the fungus is thought to remain latent 
until late summer or early fall, when environmental 
conditions (high relative humidity and moderate tem- 
peratures) become favorable. The disease first becomes 
evident as cottony, gray-brown mycelium and spores on 
the lower needles of seedling shoots. If favorable 
conditions persist, the disease spreads upward and lat- 
erally, killing foliage and sometimes the seedling stem 
and lateral branches. Sclerotia form on infected tissue, 

allowing the fungus to overwinter and survive other 
unfavorable conditions. 

Gray mold requires specific environmental condi- 
tions to cause severe damage; therefore it is a disease 
which can be controlled largely by altering cultural 
practices. Humidity can be lowered by reducing irriga- 
tion and by spacing containers to increase air circulation 
among seedlings. Using ventilation fans to increase 
ventilation through the greenhouse also helps. Control- 
ling seedling height reduces the amount of senescence 
of the lower needles and results in lower humidity 
within the seedling canopy. Maintaining healthy, vig- 
orous stock also decreases senescence of lower needles. 
One of the main cultural practices used against gray 
mold in British Columbia is to remove greenhouse 
covers (plastic sheeting) during the frost-free portion of 
the growing season. This results in shorter, stockier 
seedlings which are less susceptible to gray mold. 
Preventing abiotic damage such as fertilizer-bums on 
foliage also aids in control of gray mold, as damaged 
seedlings allow the fungus to become established be- 
fore moving onto healthy foliage. In Ontario, container 
seedlings are usually overwintered outside in cold 
frames. Crops “flattened” by winter snow, particularly 
excessively tall spruce seedlings, often develop gray 
mold in the spring. Containers of such seedlings are 
spaced to allow them to dry out as soon as possible. 
Such seedlings should be outplanted quickly to prevent 
further losses. In Ontario the appropriate use of black- 
out curtains to initiate bud formation in container- 
grown spruce results in a uniform crop of shorter, 
hardier seedlings that are less susceptible to gray mold. 

Fungicides are used regularly as a preventative 
measure at many container nurseries in Ontario and 
Quebec. A schedule in which benomyl, chlorothalonil 
and iprodione applications are alternated is recom- 
mended, as Botrytis may become resistant to afungicide 
if it is usedcontinuously. In westem Canada, fungicides 
are applied as needed to control Botrytis outbreaks and 
sprays are also applied just before canopy closure and 
before seedling lifting and storage. 

Snow blight 
Snow blight of various conifer species may be caused 
by several fungi including Phacidium abietis (Deam.) 
Reid & Cain, Lophophacidium hyperboreum Lagerb., 
Sarcotrochila piniperda (Rehm) Korf, S. balsameae 
(J.J. Davis) Korf, and Hemiphacidium planum (Davis) 
Korf. In Ontario nurseries, eastem white cedar, jack 
pine, and black and white spruce are the species most 
affected by snow blight. Damage occurs in patches 
where snowmelt is delayed. Disease severity ranges 
from only the foliage below the snowline being killed to 
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seedling death. The greatest damage in northern Ontario 
nurseries has occurred following winters with heavy 
snowfall and prolonged snowmelt in the spring. About 
120 000 black spruce transplants were killed or had to 
be culled in an Ontario bareroot nursery in 1989. Al- 
though the disease has occurred in other Ontario and 
Quebec bareroot nurseries, recent losses have been 
insignificant. Recently, gray mold damage has in- 
creased significantly under snow on overwintered, con- 
tainer-grown black spruce seedlings. 

Spores of the pathogens are released and dissemi- 
nated by wind during late summer and fall. Spores 
germinate on snow-covered foliage. The fungus grows 
under a snow cover during late winter and early spring. 
Implementation and regular use of cultural and chemi- 
cal controls have greatly reduced losses, although sig- 
nificant losses sometimes occur. Snow blight is con- 
trolled by a late fall fungicide application (with a sticker 
added) to spruces and balsam fir. Snow fences can also 
be erected to prevent snow drifting over low areas in 
fields. 

Storage molds 

Although molding of stored stock is one of the most 
important diseases of forest nursery seedlings in Canada 
(it harms the nursery managers final product), the prob- 
lem has received little attention. The disease is in fact 
two diseases: in container-grown seedlings it is invari- 
ably gray mold (Botrytis cinerea) which becomes estab- 
lished on the seedlings in the nursery and continues to 
develop further in storage; in bareroot seedlings, molds 
may include a variety of ubiquitous fungi such as 
species of Penicillium, Aspergillus, Mucor, and Botrytis. 
Such molds are likely part of the seedling's natural 
microflora or are acquired as contaminants from soil 
that accumulate on seedling shoots during lifting. 

The biology of storage molding of both container 
and bareroot stock is poorly understood: however, inci- 
dence and severity of molding of container-grown stock 
almost certainly relates to incipient or developed B. 
cinerea on the seedlings prior to storage, and to storage 
conditions. Host seedlings affected are the same as for 
gray mold in the nursery. To date, no relationship has 
been established between storage mold severity and 
survival of outplanted (container-grown) stock, but 
logic dictates that severely damaged stock, particularly 
if the stem has been killed, would not survive as well as 
healthy stock. The best strategies against storage mold 
on container-grown seedlings are to prevent mold from 
becoming established in the nursery and, where pos- 
sible, to store seedlings at - 1 or -2°C to reduce B. cinerea 
growth. 

Initial evidence of molding of bareroot stock is often 
a cottony mold on the lowermost needles of seedlings 

stored in bundles. As the disease develops, the mold 
spreads upward on the shoots of the seedlings. Depend- 
ing upon the fungi involved (normally several) the 
molding varies in color (e.g. orange, pink or white) and 
frequently seedlings have a moldy odor. Sometimes 
clouds of spores are emitted when boxes of moldy 
seedlings are opened. With advanced molding, part or 
all of the stem and branches have water-soaked lesions 
from which the bark can easily be stripped to reveal the 
dead, butterscotch-colored, cambium. All seedling 
species are affected but, at least on the west coast, pines 
seem to be less susceptible than other conifers. Trans- 
plants are very susceptible to storage molding. 

Since severity of molding increases with storage 
time and above-freezing temperatures, losses can be 
reduced by storing stock at -1 or -2OC for as short a time 
as possible. Other helpful measures include frequent 
inspection of stored stock and then outplanting stock 
soon after molding starts. 

Sirococcus blight 

This disease, caused by Sirococcus strobilinus Preuss, 
affects forest trees, particularly regeneration, and both 
bareroot and container-grown nursery seedlings. On 
container-grown seedlings the disease is often seed- 
bome. In the nursery, Sirococcus blight occurs on all 
species of spruce and pines across Canada and some- 
times on Douglas-fir in British Columbia. In the bareroot 
nursery, wind-borne and rain-bome inoculum comes 
from affected trees and cones adjacent to nurseries; 
while such inoculum can infect seedlings in container 
nurseries, inoculum there is more often seed-bome. 
Thus, in containers the disease primarily affects young 
germinants and seedlings, whereas on bareroot seed- 
lings it occurs later in the growing season, sometimes 
being confused with early frost damage. In containers, 
germinants and young seedlings are killed with needles 
dying from the base upward. A similar pattern of needle 
killing may occur on shoots of bareroot seedlings where 
killing of the shoot results in a lateral branch turning 
upward as the leader. Since the disease is seed-borne in 
container nurseries, blight occurrence there often oc- 
curs in specific seedlots. There is evidence that lodge- 
pole pine (Pinus contorta Dougl.) provenances 
(Illingworth 1973) vary in their susceptibility to S .  
strobilinus. Another distinguishing feature of the dis- 
ease is that it is most likely to prevail in nurseries with 
cool, rainy, overcast weather. Besides being ideal for 
fungus infection and spread, seedlings grown in such 
nurseries may be light stressed, further favoring the 
disease (Wall and Magasi 1976). In both containers and 
bareroot production, Sirococcus can affect up to 60% of 
the seedlings within a provenance or seedlot. Besides 
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direct seedling losses, an additional cost factor is that of 
control where several fungicide applications may be 
needed to control blight on young, fast growing con- 
tainer seedlings. 

For the most part, Sirococcus shoot blight is still 
managed with fungicides. However, early detection of 
seed-borne inoculum by conventional techniques 
(Sutherland 1987) or monoclonal antibodies (Mitchell 
1988) can be used to forewarn managers of infested 
seedlots. Knowing the incidence of seed-bome inocu- 
lum, nursery managers can, where practical, reduce 
irrigation or increase greenhouse temperatures slightly, 
or they can apply protective fungicides to reduce spread 
of the disease. 

Insects and mites 
Spruce spider mite 

The spruce spider mite, Oligonychus ununguis (Jacobi), 
is an important pest of conifers in nurseries throughout 
the north temperate zone. In Ontario and Quebec the 
mite was first observed in the mid-1920s. In nurseries 
in these provinces the mite damages white spruce, black 
spruce, Norway spruce, eastem white cedar, and larch; 
spruce is the preferred host. The mites feed by inserting 
their stylet-like mouthparts into needles and tender 
twigs and sucking out the juices, thus causing a mottled 
discoloration and subsequent drying of tissue. Feeding 
usually begins on the lower branches and progresses 
upward. Mites are most destructive during hot, dry 
weather; heavy rainfall tends to wash many mites off 
seedlings. Both immature and adult mites produce a 
fine webbing around twigs and between the needles, 
which protects them from enemies and from being 
dislodged. Webbing is usually more noticeable on the 
underside of branches. 

The mite develops through five stages: egg, larva, 
two nymphal stages, and adult. Adults are barely visible 
to the naked eye. Overwintering occurs as eggs which 
initially are pale yellow and gradually become reddish- 
brown. Overwintered eggs hatch in May and newly 
hatched larvae are mottled pink, and become needle- 
green to dark green after feeding. Larvae have three 
pairs of legs and nymphs and adults four. Development 
of larvae and nymphs each requires 3 to 6 days. Nymphs 
become adults by early June and under favorable con- 
ditions can live up to 30 days. Mature females lay 40 to 
50 eggs which after 13 to 16 days incubation result in a 
second generation by late June. This cycle is repeated 
up to six times during the remaining summer. Overwin- 
tering eggs are laid from late September to the onset of 
severe frost. 

All active forms of the spruce spider mite occur on 
needles and to some extent on tender twigs. Larvae and 

first-stage nymphs do little wandering and feed on the 
basal parts of needles while second-stage nymphs and 
adults move about freely, feeding on needles. 

Because of the high reproductive capacity and short 
life cycle of this pest, populations can build up very 
rapidly, especially during long dry periods. Adults are 
carried on the wind to adjacent trees and spread longer 
distances on infested outplanted stock. Pressure wash- 
ing infested trees at weekly intervals during the spring 
and summer dislodges adults and breaks up webbing. 
Heavy infestations may require use of miticides which 
should be applied at a high pressure to ensure adequate 
coverage. Several applications at 10-day intervals are 
usually required as eggs survive treatment. 

Root weevils 

Both the strawberry root weevil, Otiorhynchus ovatus 
(Linnaeus) and black vine weevil, 0. sulcatus (Fab- 
ricius), seriously damage both bareroot and container- 
grown seedlings across Canada. Of the two, 0. ovatus 
is usually the most serious. Several other weevils are 
also common in Canadian nurseries, but they rarely 
cause serious damage. The strawberry root weevil has 
caused varying amounts of damage to container-grown 
white and black spruce in Ontario, while losses to black, 
white and Norway spruce, larch, and red and jack pine 
have been reported in Quebec bareroot nurseries. In 
British Columbia, hosts include spruces, westem red 
cedar, western hemlock, western larch (Lurix  
orridentulis Nutt.), Abies spp., and pines. 

Adult weevils primarily affect 1 + 0 seedlings by 
girdling a 1 -cm band of the fleshy, uppermost part of the 
hypocotyl. Feeding damage occurs primarily in early 
June or July before stems become woody. Adult wee- 
vils feed all summer. They are primarily noctumal 
feeders and hide in debris during the day. Larvae of the 
strawberry root weevil damage roots of older 2+0 
conifers. Larvae normally occur in groups in the top 2.5 
cm of soil around the roots of the host plant. They feed 
on fibrous roots, strip most laterals, and girdle stems at 
the root collar. Often damage by adults or larvae is not 
noticed until trees are lifted or until they suddenly wilt. 

Root weevils overwinter as adults in debris or more 
commonly as larvae in the soil. Overwintered larvae 
and adults become active in spring and continue feed- 
ing. Larvae, which are slightly curved and creamy 
white with brown heads, pupate in cells as deep as 20 cm 
below the soil surface in mid-spring. Adults emerge in 
late spring and immediately begin feeding. The 
parthenogenic, wingless adults are dark brown, gray or 
black with a short snout and elbowed antennae. Both 
overwintered and emerging adults oviposit for about 7 
weeks, ceasing in late summer to early fall. Eggs have 
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an incubation period of 10 to 20 days. After hatching, 
larvae begin feeding on seedling roots. Most damage is 
done by larvae in the fall. 

Root weevil larvae are hard to kill; therefore, control 
measures are aimed at adults. Various detection meth- 
ods, such as flat sticky traps or surveying for fresh 
girdling on conifer seedlings in early summer can be 
used to determine adult populations in the nursery. 
When control is justified, insecticides should be applied 
in late spring or as soon as adults become active. A 
second application is desirable about a month later to 
control late-emerging adults. It is also useful to remove 
weeds (altemative food supplies) from seedbeds and 
beneath nearby trees. 

Lygus bug 

The lygus bug, Lygus lineolaris (Palisot de Beauvois), 
and other species of Lygus, damage bareroot and con- 
tainer-grown seedlings in British Columbia and recent 
evidence in Ontario points to similar damage in bareroot 
pines and container-grown spruce. So far, in British 
Columbia, damage has been mainly on 1+0 bareroot 
and container-grown lodgepole pine, but western larch, 
Douglas-fir and 1- and 2-year-old spruce (all species) 
are also damaged. Adults and nymphs feed on terminal 
shoots, resulting in seedlings with multiple leaders. An 
elongated scar often forms on one side of damaged 
terminals, which have thick, short, twisted needles. The 
terminal of such shoots usually assumes a crozier shape. 
At both bareroot and container facilities, damage is 
most prevalent around the periphery of the nursery 
where the insects fly in from adjacent areas (e.g., alfalfa 
fields). 

Lygus bugs overwinter as adults which are shield- 
shaped and yellowish-green to reddish-brown. In spring 
they feed on young shoots, mate, and the females 
oviposit into numerous host plants. Nymphs, similar in 
appearance to adults, emerge about 10 days later and 
molt five times as they develop. In British Columbia, 
the life cycle is completed in 3 to 4 weeks and there are 
two or three lygus bug generations per growing season. 

In British Columbia, where lygus bug populations 
may reach damaging levels, seedlings are protected by 
insecticide sprays during the first quarter of June, July, 
and August. Keeping the nursery and nearby areas free 
of weeds and other host plants also helps reduce lygus 
damage. 

Cutworms 
Cutworms, larvae of moths in the order Lepidoptera 
(family Noctuidae) damage very young bareroot and 
container-grown seedlings all across Canada. Some 
damage occurs in most nurseries each year and some- 

times damage is heavy. One of the most damaging 
cutworms is Peridroma saucia (Hubner), the variegated 
cutworm. Cutworms damage many plants including 
most species of conifers. 

Damage is mainly restricted to very young seedlings 
(before stems become woody): cutworms eat foliage 
and cut off stems just above soil line, leaving a stump. 
Feeding occurs mostly at night and the cutworms hide 
in loose sand and soil during the day. Adults (moths) are 
robust, large, buff-colored, and fly mainly at night. The 
larvae, which damage seedlings, are large, soft, dull- 
colored caterpillars with hairless bodies and shiny heads. 
They characteristically curl into a circular shape when 
disturbed. 

The life cycle consists of eggs, larvae, pupae and 
adults; depending on the location and cutworm species, 
there can be one to three generations each year. Most 
cutworms overwinter as eggs or pupae, although some 
species overwinter as larvae. The first generation is 
normally the most harmful as it occurs when seedlings 
are young and succulent. 

Bareroot fields and container facilities should be 
kept free of weeds which may attract egg-laying fe- 
males. Adults can be caught in light traps and green- 
houses can be insect-proofed to exclude moths. When 
populations are small, cutworms can be hand-picked 
and destroyed. Poison baits can be used against larvae, 
but insecticides must be used when populations are 
large. Insecticides are most effective when applied late 
in the day when cutworms are active, especially when 
temperatures are warm. 

Aphids 

Many species of aphids (Order Homoptera) affect forest 
nursery seedlings in Canada. Needle and stem feeding 
aphids such as giant conifer aphids (Cinara spp.) and 
woolly aphids (Adelges and Pineus spp.) are quite 
common on bareroot seedlings. Root feeding aphids 
such as those of the genus Pachypappa are especially 
prevalent on roots of container-grown conifers. Dam- 
age is seldom severe although species of Adelges often 
cause twisting, distortion and chlorosis of seedling 
needles, particularly in Douglas-fir. In coastal British 
Columbia, the green spruce aphid, Elatobium abietinum 
(Walker), may cause year-old needles of spruce seed- 
lings to fall off. Because the life cycle of aphids varies 
with factors such as host alternation, parthenogenesis, 
viviparity, and geographic locality, it is not possible to 
outline a life cycle for all aphids. It is common for most 
aphids to pass through several generations per year and 
for populations to fluctuate widely and quickly. Except 
for size, adults and juveniles are generally similar in 
appearance. Most aphids overwinter as eggs. 
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The mere presence of aphids may not justify their 
control as large populations are often necessary before 
seedlings are damaged. In fact, there is no evidence that 
many aphids, including those that feed on seedling 
roots, do sufficient harm to warrant control. Rarely are 

insecticide sprays appropriate, but even then insecti- 
cidal soaps are usually quite effective. For aphids that 
complete their life cycle on two or more hosts, it is 
worthwhile to remove alternate hosts (e.g., hedges) 
from within or adjacent to the nursery. 
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Abstract 
In recent years, the large black chafer, Holotrichia diomphalia Bates, the African mole cricket, Gryllotalpa africana 
Palisot et Beauvois, and the black cutworm, Agrotis ipsilon Rott, have seriously affected the quality and quantity 
of forest nursery seedlings in northeastem China. Up to 10% of the seedlings in Song Huajiang Region have been 
damaged. This paper reports the hosts, damage, and management practices for these insects. 

Resume 
Au cours des demikres anntes, le scarabte (Holotrichia diomphalia Bates), la courtilikre (Gryllotalpa africana 
Palisot et Beauvois) et le ver-gris noir (Agrotis ipsilon Rott.) ont gravement rdduit la quantitd de semis et leur qualitt 
dans des ptpinikres forestikres du nord-est de la Chine. Dans la rtgion de Song Huajiang, jusqu’a 10 % des semis 
ont Ctt endommagts. Le prtsent article porte sur ces insectes, leurs hbtes, les dommages qu’ils causent et les 
mtthodes de lutte utilistes. 

The large black chafer, 
Holotnchia diomphalia Bates 

Larvae of H. diomphalia attack seedlings of Larix 
gmelini (Rupr.), Pinus sylvestris L. var. mongolica 
(Litv.), P. koraiensis Sieb. et Zucc., Picea koraiensis 
Naki, and species of Populus, Salix, and Syringa. Sec- 
ond-instar larvae cut and eat the tap and fibrous roots or 
the bark of seedling roots. Damage is severe and 
seedlings die quickly. 

Two or three years are required for H. diomphalia to 
complete its life cycle. Older larvae pupate at a depth of 
25 to 30 cm in the soil in July in the same year. Pupation 
requires 22 to 33 days. Pupal eclosion occurs after mid- 
March. As temperatures decrease, larvae migrate deeper 
into the soil to overwinter. Adults emerge from the soil 
from May 20 to June 10 the next year. They live 350 to 
380 days. Starting with the last 10 days of June, females 
lav, over the next 3 to 4 months, an average of 115 eggs 
each. Eggs hatch about 19 days after oviposition. By 
late autumn larvae can develop to either first, second, or 
sometimes third instars. Both larvae and adults over- 
winter 60 to 80 cm deep in the soil, moving upward to 
damage seedlings when spring soil temperatures reach 
10°C at a depth of 10 cm. Feeding damage occurs from 
the end of June through the first 10 days of July, when 

larvae and adults are most abundant and the weather is 
warm and bright following rains. Numbers of adults 
increase rapidly. Adults are negative phototactic, spend- 
ing the day in the soil around shrubs or clumps of weeds. 
At night, especially about 21:00, adults are active and 
mate. Adults feed on .numerous plants, especially 
soybean. 

In Heilongjiang province, phorate (also known as 
3911) has given excellent control in five of seven 
forestry bureaus where it has been used. Phorate is 
effective either as a contact or a stomach poison, or as 
a fumigant, and it has systemic activity. It remains 
effective for 3 months. We use 391 1 before nursery 
seedbeds are formed at the beginning of May. It is 
applied 10 to 20 cm deep in the soil or on the seedbed 
surface, or it can also be broadcast onto seedbeds of 
growing stock and then watered in. This is best done on 
bright days. Table 1 gives results obtained with 391 1 at 
the Weihe forest nursery. Although distribution of H.  
diomphalia was not uniform, overall numbers of the 
insect were reduced by the 39 1 1 treatment. After using 
39 1 1, numbers of recoverable seedlings increased by 
7% and there was an 8 1.8% population reduction of the 
target insect. 
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Three percent granular carbofuran, 5% granular 2% 
fenthion, and 50% phoxim oil emulsion were also 
evaluated. These insecticides had no residual phytotox- 
icity. Their efficacy lasts 70 to 90 days, so they need to 
be used only once a year. The results of using these 
materials are given in Table 2. The granular pesticide 
can be used instead of spraying and dusting and it has the 
additional advantage of not being blown away by wind. 
Moreover, it is harmless to beneficial insects and the 
environment. 

A unique approach to biocontrol of H. diomphalia, 
and one which is not harmful to birds, involves sticking 
the abdomens of female insects onto glass slides to 
attract males. These slides are suspended over water, 
which traps the males. 

African mole cricket, 
Gryllotalpa afncana Palisot et Beauvois 

Gryllotalpa africana occurs throughout China. It is 
especially damaging in the north. Larvae and adults 
attack roots and buds causing death of many coniferous 
and broadleaved seedlings, e.g., Larix gmelini, Pinus 
koraiensis, and P. sylvestris var. mongolica. The insect 
also tunnels through seedbeds, causing seedling wilt 
and death. 

Two years are required for G. africana to complete 
its life cycle. There are six larval stages. From Septem- 
ber to March, larvae and adults occur in the soil at depths 
of 1 to 1.5 m. During April and May they move upward. 
Maturation feeding occurs on seedling roots prior to 
mating and egg laying. From about June 10 to late 

Table 1. Results of using 391 1 to control Holotrichia L.dmphalia on Larix gmelini nursery seedlings 

Sample depth (cm) in soil and insect counts before and after treatment 

0-20 20-40 40-60 60-80 80- 100 Total 

Sample 
number Before After 

1 10 1 
2 7 2 
3 28 3 
4 33 0 
5 27 0 
6 4 0 
7 1 1 

Before After 

23 1 
16 0 
4 7 
11 0 
18 0 
15 0 
20 3 

Before After 

0 2 
21 9 
3 4 
1 0 
15 3 
11 0 
18 0 

Before After 

0 3 
15 7 
0 2 
2 0 
21 1 
7 1 
8 4 

Before After 

0 7 
2 0 
0 1 
0 0 
7 0 
0 1 
10 3 

Before After 

33 14 
61 18 
35 17 
47 0 
88 4 
37 2 
63 11 

Total: 110 7 107 11 69 18 53 18 19 12 364 66 

Table 2. Effectiveness of insecticides for control of Holotrichia diomphalia on Larixgmelini 
seedlings 

Dose Treatment date 

g/m July 6 July 14 July 22 July 30 

Treatment 

3% Carbofuran, granular 20 0.02 0.08 0 0.04 
2% Fenthion, granular 25 7.08 3.33 4.58 1 . 5 0
50% Phoxim oil emulsion 1.4 6.92 4.83 4.50 0 
Control 0 23.67 9.42 12.50 7.00 

% seedlings damaged' 
3% Carbofuran, granular 10 4.70 2.58 2.50 0.02 

Based on 1200 seedlings. 
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August, larvae aestivate in soil (30 to 40 cm depth) and 
females lay 30 to 60 eggs. During September larvae and 
young adults feed voraciously prior to overwintering. 

There are several control methods for G. africana. 
For example, in the Suiling Forestry Bureau we have 
used soybean oil. This method is easy to use, labor 
saving, economical, and produces good results. The 
technique involves applying 2 or 3 drops of soybean oil 
to recently constructed tunnels that the insect constructs 
in the soil. Water is then poured into the hole and after 
12 to 14 hours the adults emerge and die. How soybean 
oil kills the insects is not known, but the technique is not 
harmful to seedlings or man, and it is effective. Poison- 
ous baits can also be used. They are made of Chinese 
sorghum or maize seeds, or other seeds, which are 
boiled in water, mashed and then DDVP (10:0.5 by 
weight) is added. Such baits are broadcast onto seed- 
beds and kill insects that eat them. Another bait consists 
of soaking seeds in lead arsenate (100:1l by weight). 
These are then broadcast onto seedbeds for ingestion. 
Black lamp traps are also effective against G. africana 
adults. 

The black cutworm, Agrotis ypsilon Rott 
Agrotis ypsilon is widely distributed in China. Only 
larvae damage seedlings. Third instar or older larvae 
emerge from the soil and cut off seedling roots, and pull 
them into their hole for consumption. Mortality, or 
decreased growth resulting from root damage, occurs in 
patches. Larvae are polyphagous. 

Two or three generations of A.  ypsilon occur each 
year with older larvae or pupae being the overwintering 
stages. Adults occur in May through August. Adults are 
noctumal, being especially active at night (19:00-22:00). 
Agrotis ypsilon is attracted to both fluorescent light 
(rather than incandescent light) and sweet substances 
such as molasses. After mating, a female lays 800 to 
1000 eggs. Eggs hatch about 7 days later and the young 
larvae feed (during night and day) on groups of adjacent 
needles on a seedling. Third instar and older larvae are 
negatively phototactic and burrow 2 to 6 cm into the soil 

during the day, emerging to feed at night. Larvae pupate 
in the soil (at a depth of about 5 cm). 

Several procedures can be used to manage A.  ypsilon. 
For example, intensive cultivation of nursery fields to 
eliminate weeds deprives young larvae of food. Adults 
can be trapped with a mixture of molasses, sugar, 
vinegar, alcohol and water (6:3:1: 10 by volume) con- 
taining 6% BHC. Tender weeds poisoned with 16% 
BHC can be broadcast, at dusk, onto the ground to kill 
third instar or older larvae. Young larvae, third instar 
and younger, can be controlled by spraying DDP emul- 
sion (1 mL 25% DDP emulsion:200 to 250 mL water) 
or BHC wettable dust (1:200 by weight). Larvae can 
also be caught by hand and destroyed by digging around 
damaged roots of seedlings where larvae hide. Sexual 
attractants can also be used against A. ypsilon. The 
procedure involves extracting the attractant by placing 
abdomens of females in dichloromethane for 15 hours. 
The crude extract is then stored in a ref i erator. For use 
it is smeared onto strips of 6 x 17 cm paper and dried 
under cool temperatures. The paper strips are then 
rolled and placed 1 cm above a water (containing 
washing powder) surface. At dusk, such traps (75 to 150 
per ha) are placed around the nursery. Trapped moths 
are removed as needed and new traps are put out every 
3 days. 

z g  

Conclusions 
We have described the damage, hosts and controls for 
three major insect pests of forest nursery seedlings in 
northeast China. The occurrence of these insects, type 
of damage, and management is not related to nursery 
environment (locality, crops grown before the seed- 
lings, fertilizer regime, or soil type). The methods 
outlined for managing these insects conform to nursery 
management policies. When warranted, Le., when the 
insects are abundant, we use an integrated approach to 
control. This prevents spread of these pests and pro- 
vides good protection of nursery seedlings in northeast- 
ern China. 
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Abstract 
Seed-bome diseases and other seedling diseases that occur in Czechoslovakian forest nurseries are discussed. The 
information is based on more than 30 years of disease research in forest nurseries by members of the Research 
Institute of Forestry and Game Management. 

ResumC 
Cette Ctude porte sur les maladies transmises par la semence et autres maladies de semis affectant les pCpinikres 
forestikres de TchCcoslovaquie. Linformation qu'elle contient est fondCe sur plus de trente annCes de recherches 
pathologiques mentes par l'Institut de recherches sur la forCt et la faune dans les pkpinikres forestikres de 
TchCcoslovaquie. 

In this paper we present information about plant dis- 
eases in Czechoslovak forest nurseries, especially in 
Bohemia and Moravia. First we deal with seed-bome 
pathogens of forest trees and then we discuss some of 
the more important or frequently encountered fungus 
pathogens in nurseries. Seed-bome fungi not only 
influence seed quality (e.g., germination and viability) 
but they are also important in the spread of pathogenic 
fungi within and among forest nurseries. 

In Bohemia and Moravia nearly all seeds, mostly 
conifers, are extracted, processed, and stored (short- 
term and long-term storage) in a central seed facility in 
Tyniste nad Orlici. Seed quality is determined in a 
laboratory accredited by ISTA at the Research Institute 
of Forestry and Game Management. Tests are made for 
purity and germination, and biochemical assays for 
viability, moisture content, seed weight, and seed health 
are conducted. However, we have not yet devised 
protocols for health testing of forest seeds. Research on 
developing such protocols began in 1956, and they are 
now in draft form. The results that we present here are 
based on 4 years of research on seed-bome mycoflora. 
From 1986 to 1989, seed-bome fungi were identified 
and their frequency determined (using the standard 
moist-blotter test, i.e. on a Jacobsen germination appa- 
ratus and in Petri dishes with filter paper) in 5595 seed 
samples of five genera (35 species) of forest tree seeds 
(Table 1). Malt-agar, potato-dextrose agar, Czapek- 
Dox agar, and water and soil agar were used to evaluate 
incidence of intemal fungi of beechnuts and acorns. 

Eighty-five fungi were isolated (Tables 1,2, and 3). 
This number is approximate because certain fungi are 
not detected by the wet chamber technique. Most of the 

fungi isolated (number of fungus species in parenthe- 
ses) were from seeds of hardwoods: ash, Fraxinus 
excelsior L. (45, beech, Fagus silvatica L. (44), maple, 
Acer spp., mainly Acer pseudoplatanus L. (39) and 
lime, Tilia species, especially T. cordata Mill. and T. 
platyphyllos Scop. (37). Isolations from conifer seeds 
showed that seeds of European larch, Larix decidua 
Mill., were the most heavily contaminated (40 fungal 
species), followed by seeds of spruce, mainly Picea 
abies (L.) Karst., which yielded 38 species of fungi. 
Most of the seed-bome fungi on both the conifer and 
hardwood tree seeds were saprophytes or weak (facul- 
tative) pathogens. 

The most abundant fungi on conifer seeds (mainly 
Norway spruce, European larch and Scots pine, Pinus 
sylvestris L.) were Penicillium Link ex Fr., Penicillium 
expansum (Link) Thom, Trichothecium roseum Link, 
Aspergillus Micheli sp. div. (Aspergillus niger van 
Tieghem, Aspergillus glaucus agg., Aspergillus flavus 
agg.), and in some years Botrytis gemella Bonord. and 
Oedocephalumglomerulosum (Bull. ex Fr.) Sacc. Larch 
seeds were often contaminated with Alternaria alternata 
(Fr.) Keissler and a species of Phomopsis Sacc. De- 
pending upon year of collection, 72 to 90% of the larch 
seedlots contained Phomopsis. In 1988, 90% of 660 
seed samples contained this pathogen; the amount of 
diseased seeds in seedlots ranged from 0 to 45%, and on 
average 8.4% of the seeds per sample were contami- 
nated. Radiographs of non-viable, contaminated seeds 
at the end of a 21-day germination test showed only 
empty seeds. Some Phomopsis species such as 
Phomopsis occulta Traverso and P. lokoyae Hahn are 
serious pathogens in U.S. and Canadian forest nurser- 
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ies. Presence of this fungus on European larch seeds is 
an important source of inoculum for forest nurseries in 
Czechoslovakia. 

Besides Penicillium spp. and Trichothecium roseum, 
other fungi which were frequently isolated from hard- 
wood seeds were Alternaria alternata, Cladosporium 
herbarum Link ex Fr. (mainly on seeds of lime, maple, 
ash, and horn-beam, Carpinus betulus L.) and Verticil- 
lium tenerum (Nees ex Fr.) Link and Sordariafimicola 
(Rob.) Ces. et de Not. on ash seeds. 

Although beechnuts often yielded Trichothecium 
roseum, Alternaria alternata, Penicillium spp., and 
Rhizopus stolonifer (Ehrenb. ex Fr.) Vuill., these fungi 
seldom occurred on beechnuts with viability above 
90%. Abundance of saprophytic fungi increased as 
beechnut viability increased. Most samples were clas- 
sified as second-class infection (6 to 25% infected seeds 
per sample). Besides the fungi mentioned above, lower 
viability beechnuts sometimes yielded Acremoniella 
atra Sacc., Acremonium strictum Gams, Cladosporium 
herbarum, Doratomyces stemonitis (Pers. ex Fr.) Morton 
et Smith, and a species of Graphium Corda. Similar 
results were obtained with Norway spruce and Scots 
pine seeds. 

Even though the viability was high (50 to 100% 
contaminated seeds in a sample) ash, maple, lime, and 
horn-beam seeds frequently yielded saprophytic fungi 
(Penicillium spp., Trichothecium roseum, Alternaria 
alternata and Cladosporium herbarum). 

Parasitic fungi were very rarely found in seed 
samples. The genus Ciboria contains several fungi 
which cause seed black rot and mortality. Ciboria alni 
(Maul. ex Rostr.) Whetz. was identified from three 
alder, Alnus glutinosa (L.) Gaertn., seed samples and 
Ciboria betulae (Nawaschin) White was identified from 
one birch Betula verrucosa Ehrh. sample. Because of 
the enormous quantity of seed which was collected, 
these two fungi are not a serious problem. However, in 
acorns (Quercus spp.) Ciboria batschiana (Zopf) 
Buchwald is a very significant pathogen which destroys 
storedacoms. This fungus was isolated from 38% of the 
seedlots and up to 25% of the acorns were affected. 

Botrytis cinerea Pers. ex Fr. was more abundant in 
seeds of alder, birch, elm, Ulmus glabra Huds., and 
horn-beam than in seeds of other species. At present this 
fungus is also becoming more prevalent in greenhouses 
and nurseries. In 1988, gray mold damaged or killed 
1.15 million seedlings in Bohemia and Moravia. Dam- 
age also occurred on cold-stored seedlings as well as on 
grafts and root stocks. The sexual state, Botryotinia 
fuckeliana (de Bary) Whetz, seldom occurs in nurseries. 

Numerous Fusarium Link ex Fr. species such as 
Fusarium acuminatum Ellis et Everhart, F .  avenaceum 
(Corda ex Fr.) Sacc., F .  flocciferum Corda, F .  

graminearum Schwabe, F. oxysporum Schlecht., F .  
poae (Peck) Wollenw., F. proliferatum (Matsushima) 
Nirenberg, and F. solani (Mart.) Sacc. were isolated 
from several samples of conifer seeds, but those fungi 
were more abundant on seeds of maple, ash, horn-beam, 
and on acorns and beechnuts. In 1987 in east Slovakia, 
species of Fusarium were isolated from 43% of the 
beechnut lots, but within infested lots affected beech- 
nuts did not exceed 5%. 

Fungi such as Fusarium Link. ex Fr., Cylindrocarpon 
Wollenw., Rhizoctonia solani Kuhn (found only in 
three beechnuts samples), Alternaria alternata, Verti- 
cillium Nees ex Link, Botrytis cinerea, Trichothecium 
roseum, Cladosporium herbarum, and Trichoderma 
viride Pers. ex Fr. cause post-emergence damping-off in 
forest nurseries. Damping-off losses in 1985 in south- 
ern Moravia exceeded 1 million seedlings. Although 
seed-borne fungi are often the source of inoculum, seed 
health testing shows that the main source of pathogens 
is from the nursery soil. Other factors contributing to 
losses include late sowing of seeds, unsuitable soil 
structure, and abiotic factors such as poor drainage. 
Seedlings are very sensitive to chemicals during the first 
6 to 8 weeks of their development. 

Phytophthora cactorum (Leb. et Cohn) Schroet; 
beech-blight, is an important cause of beech seedling 
mortality in our nurseries. This fungus was suspected of 
being seed-borne, but it was not isolated from 421 
seedlots of beechnuts (freshly collected or in long-term 
storage) from Bohemia, Moravia, and east Slovakia. 
The isolation techniques used could have allowed the 
fungus to go undetected on beechnuts. With the increas- 
ing amount of beech sowings, however, losses from 
Phytophthora cactorum continue to increase. In Slovakia 
in 1985, production of beech seedlings was endangered 
and in 1988 more than 1.5 million beech seedlings were 
killed in Bohemian and Moravian nurseries. Isolation 
of Phytophthora cactorum was successful only from 
stratified beechnuts or from diseased seedlings. The 
fungus forms dark brown, circular, spreading lesions on 
cotyledons. When the stem is affected, the seedling 
dies. The disease spreads most rapidly in wet, warm 
weather in poorly drained soils. Danger from this 
disease disappears with sunny, dry weather. 

At present, tracheomycosis is the most important 
disease of both seeds and seedlings. Fungi of the genus 
Ophiostoma Syd. cause bluestain of conifers and 
tracheomycosis of various hardwoods including elm 
and oak. Besides Ophiostoma, some fungi such as 
species of Phomopsis,  Coniothyrium Corda, 
Cylindrocarpon, Fusarium, Verticillium, and Graphium 
can cause the diseases, but species of Ophiostoma are 
the most important. Seed health tests showed that 
Ophiostoma spp. was present in 29% of all acorn 
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samples; however, Ophiostoma was rare in seeds of 
other species of forest trees. All imported acorns are 
tested for tracheomycotic fungi; when they are found, 
importation is prohibited. Ophiostoma species produce 
black, irregular lesions on cotyledons of acorns. These 
lesions increase in size until the entire cotyledon be- 
comes black and soft. When the embryo is not invaded, 
acorns germinate and the disease occurs on seedling 
shoots, forming annular lesions around the stem which 
grow larger and kill the shoot. Frequently, new shoots 
grow and are killed so that several dead black shoots are 
present - a characteristic sign of the disease. Gradually 
the roots are attacked too, killing the seedling. In our 
nurseries, Ophiostoma species attack both oak and 
beech seedlings, and sometimes other species of seed- 
lings. Perithecia of Ophiostoma are present on seeds, 
stems, roots or seedling leaves. Besides causing mortal- 
ity and damage to seeds and seedlings, tracheomycosis 
can be transferred to older stands via diseased stock. 

Lophodermium needle cast of Scots pine, caused by 
the fungus Lophodermium pinastri (Schrad.) Chev., is 
one of the most serious and dangerous diseases in our 
forest nurseries. There are three species of 
Lophodermium in Czechoslovakia (L. pinastri, L.  
seditiosum Minter, Staley et Millar, and L. conigenum 
Hilitzer); L.  pinastri  is the most widespread. 
Lophodermium conigenum is less important because it 
is found only in the original Hilitzer’s area in the 
Bohemian Forest in southem Bohemia. Lophodermium 
seditiosum is spreading gradually. Previously, the 
biology of Lophodermiumpinastri was studied in detail 
and methods for needle cast control were determined. 
Because of our weather conditions, three sprays of 
fungicide (mainly mancozeb) are applied: the first from 
July 10 to 15, followed by another two applications 
every 2 weeks. The timing of the first spray is critical 
because neglect or delay can result in intensive needle 
damage. In years with high rainfall, Lophodermium 
needle cast affects even primary needles of pine seed- 
lings which, thanks to their wax cover, are usually 
relatively resistant. In some years, L. pinastri fruiting 
bodies occur on soft, young stems. The amount of 
needle infection in 2-year-old Scots pine is the chief 
criterion for determining if the seedlings can be used for 
planting. Seedlings with more than 66% of the crown 
needles destroyed cannot be used for reforestation. 
From 1986 to 1988, Lophodermium needle cast de- 
stroyed 1.5, 2.0, and 9.0 million Scots pine seedlings, 
respectively. Lophodermium needle cast attacks pines 
other than Scots pine, but damage is less serious. 

Other species of needle-damaging fungi occur on 
pines in forest nurseries but they are less important in 
nurseries than in older stands. For example, Sclerophoma 
pithyophila (Corda) Hohn. sometimes causes insignifi- 

cant damage innurseries. Another fungus, Naemacyclus 
niveus Pers., causes needle cast of Austrian pine, Pinus 
nigra Arnold, but the disease is rare. Needle cast 
disease is also very rare on Norway spruce seedlings. 
Larch needle cast, Meria laricis Vuill., which was very 
damaging in the 1950s both in nurseries and in forest 
stands, is now rare. Rhabdocline pseudotsugae Syd., 
which occurs in North American nurseries and which 
has occurred in Czechoslovakian forests since 1939, 
has not yet been found in our nurseries. 

Oak mildew, Microsphaera alphitoides Griff. et 
Maubl., regularly occurs on oak seedlings, but severity 
varies from year to year. The disease often goes 
undetected and damage is underestimated. An intro- 
duced fungus, M .  alphitoides is very well adapted to our 
climate, appearing in early spring. Severe mildew 
results in poor shoot growth and insufficient shoot 
dormancy, thereby increasing frost damage. 
Microsphaera alphitoides overwinters in buds of seed- 
lings; thus, there is the danger of affected seedlings 
carrying the disease into the forest. Powdery mildew 
can be controlled with sulfur-based fungicides. 

Uncinula aceris (D.C.) Sacc., powdery mildew on 
maple leaves, is relatively rare, especially in forest 
nurseries. In the early 1980s an outbreak occurred on 
sycamore, Acerpseudoplatanus L., seedlings and some 
disease was also recorded on Norway maple, Acer 
platanoides L. The fungus Phyllactinia guttata (Wll.) 
LCv. occurs on leaves of beech and certain other trees. 
It is often overlooked due to its inconspicuous nature on 
the underside of leaves. This fungus is rare in forest 
nurseries. 

Many species of rusts are currently spreading in 
Czechoslovakia, the most damaging of which is 
Melampsora pinitorqua Rostr. Although it can be 
serious on 2-year-old Scots pine nursery seedlings, 
damage is highest in young forests. Aeciospores (in 
yellow-orange pustules) are produced in spring on 
stems of affected pine seedlings, causing twisting of 
affected stems. When disease is severe, stems dry out 
and die above the affected area. When less severe, 
shoots can overcome the disease and wounds become 
covered with resin. In the older seedlings, branch 
terminals are invaded and usually killed. Severe infec- 
tion causes high mortality of the I-year-old and 2-year- 
old seedlings. The alternate hosts of this fungus are 
aspen and some species of poplars (Leuce). Removing 
these trees from the immediate vicinity of conifer nurs- 
eries and young plantations provides adequate control, 
as do fungicide applications. 

Occurrence of pine needle rust, caused by species of 
Coleosporium, has increased in the last 10 years. This 
disease occurs in nurseries and is spreading into young 
forest stands. Several herbaceous plants serve as alter- 
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nate hosts. Owing to the morphological similarity of 
Coleosporium species, recognition of the different spe- 
cies is based on their alternate hosts. Some authors 
group these “species” into biological races (varieties) of 
Coleosporium tussilaginis (Pers.) Lev. Other authors 
distinguish them as separate species. 

White pine blisterrust, Cronartium ribicola Fischer, 
which attacks only eastern white pine, Pinus strobus L., 
is increasing in intensity. Its occurrence on nursery 
stock indicates a high potential for spread to forest 
stands. This disease is most abundant in plantations 
originating from planted stock. Several rusts cause 
spots and mortality on leaves of hardwoods. The most 
important of these rusts is Melampsora sp. on poplars, 
Populus sp., and willows, Salix spp., with numerous 
herbaceous plants and some forest tree and shrubs, e.g., 
species of Larix, Euonymus and Ribes serving as alter- 
nate hosts. Melampsoridium betulinum (Pers.) Kleb. is 
relatively abundant on leaves of birch seedlings in 
nurseries; when severe, it can kill seedlings. 

Root pathogens are also very important. Rosellinia 
quercina Hartig is a very serious pathogen in heavy 
poorly drained soils. Helicobasidium purpureum Pat. 
(conidial state Rhizoctonia violacea Tul. = R .  crocorum 
Fr.) forms striking violet mycelial cushions at the base 
of stems of diseased seedlings. It frequently occurs as 
an unimportant epiphyte, but sometimes it becomes 
very aggressive and kills many seedlings. The striking 
color of the mycelium allows easy identification of this 
pathogen. The very dangerous pathogen Armillaria 
mellea (Vahl) Karst. sensu lato has occurred more 
frequently in nurseries in the last few years, attacking 
seedlings of Norway spruce and Scots pine up to 5 years 
old. Sometimes the smothering fungus, Thelephora 
laciniata (Pers.) Fr., can severely affect nursery seed- 
lings. This mycorrhizal fungus, associated with many 
coniferous species, develops large fruiting bodies around 
the lower stem of seedlings, killing them by smothering. 

Fungi that cause leaf spots of hardwood trees often 
go unnoticed because they seldom cause much damage. 

Losses occur only when leaves become heavily infected 
early in the growing season as this may retard onset of 
dormancy and thus increase susceptibility of the seed- 
lings to frost. Several fungi that affect leaves, such as 
Mycosphaerella tulasnei (Jancz.) Lindau, occur on leaves 
of several tree species, while other fungi affect leaves of 
only one host; some examples of fungi that affect the 
leaves of only one host are Rhytisma acerinum (Pers.) 
Fr. on maple, Guignardia aesculi (Peck) Stew. on horse 
chestnut, Aesculus hippocastanum L., Apiognomonia 
tiliae Hohn. and Mycosphaerella microsora Syd. on 
lime, and Apiognomonia errabunda (Rob.) Hohn. on 
beech. 

The fungus Drepanopeziza punctiformis Gremmen, 
better known by its conidial stage Marssonina brunnea 
(Ellis et Everh.) Magn., causes Marssonina blight of 
poplars. In the past this pathogen was rarely observed 
in Czechoslovakia. Species of Taphrina Fr. which 
cause leaf deformation of poplar, aspen and birch sel- 
dom occur in our nurseries. Species of Venturia (conidial 
state Fusicladium Bon., Pollaccia Bald et Cif.), the 
cause of black spot disease of poplar and aspen leaves, 
can often damage young shoots, especially on aspen 
seedlings. Leaf spots are common on other tree species, 
and though damage is usually insignificant they can 
result in early fall of heavily infected leaves. 

Although stem and branch diseases are more serious 
in forests, they sometimes cause damage in nurseries. 
The most serious of these pathogens is Brunchorstia 
pznea (Karst.) Hohn. Its sexual state, Ascocalyxabietina 
(Lagerb.) Schlapfer (= Scleroderris lagerbergii 
Gremmen or Gremmeniela abietina (Lagerb.) Morelet), 
has not been recorded in Czechoslovakia. Brunchorstia 
pinea has been found in some nurseries. Damage was 
greatest on the 3-year-old Scots pine in western Bohemia. 
Previously, for unknown reasons, damage decreased, 
but interest in the pathogen has recently increased as 
populations have again increased. 

Background reading 
Hesko, J.; Leontovyc. R. 1963. Zdravotny stav bukvic zo sberu roku 1958 v oblasti SLPR Zilina. Lesnicky casopis. 9: 921-930. 
KrfiI, V.  1957. Fytopatologickfi kontrola v lesnom semenkstve. Les. 13: 231-236. 
Ondrusovd, V. 1958. Zdravotni kontrola semen a plodd lesnich drevin. Zprhvy VULHM. 4: 155-156. 
Prochfizkovd, Z. 1988. Zdravotni kontrola lesniho osiva. Zprdvy 1esnickBho vyzkumu. 33: 16-19. 
Sutherland, J.R.; Shrimpton, G.M.; Sturrock, R.N. 1989. Diseases and insects in British Columbia forest seedling nurseries. 2nd 

Urosevic, B. 1983. Trycheomycotic diseases in oak. Comuniationes Instituti Forestalis Cechosloveniae. 13: 85-100. 
edition. FRDA Rep. 065. Forestry Canada/British Columbia Ministry of Forests. Victoria. 85 p. 
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List of tree species whose seeds were examined 
Abies spp. A. alba Mill., +A. concolor Hoopes, +A. grandis Lindl. 
Acer spp. A. pseudoplatanus L., A. platanoides L., +A. saccharinum L., +A. negundo L. 
Alnus spp. A. glutinosa (L.) Gaertn., +A. viridis DC. 
Betula verrucosa Ehrh. 
Carpinus betulus L. 
Fagus silvatica L. 
Fraxinus spp. F. excelsior L., +F. americana L., +F. angustifolia Wahlenb. 
Quercus spp. Q. robur L., Q. petraea (Mattuschka) Liebl. 
Larix decidua Mill. 
Picea spp. P. abies (L.) Karst., +P. glauca Voss, +P. omorika Purk., +P. pungens Engelm., +P. sitchensis Carr. 
Pinus spp. P. sylvestris L., +P. nigra Am., +P. strobus L., +P. mugo var. mughus Fenaroli, +P. mugo var. uncinata Fenaroli, 

Pseudotsuga menziesii (Mirb.) Franco 
Sorbus aucuparia L. 
Tilia spp. T. cordata Mill., T. platyphyllos Scop. 
Ulmus glabra Huds. 

+ several samples 

+P. cembra L., +P. contorta Dougl. 
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Abstract 
Management of insects and diseases poses one of the greatest challenges to consistent, predictable production of high 
quality tropical hardwood nursery stock grown in Haiti. Nursery systems, insect and disease incidence and 
identification, and integrated pest management strategies developed during the nine-year tenure of the USAID- 
funded Agroforestry Outreach Project and subsequent Agroforestry I I Project are discussed. 

Resume 
La lutte contre les insectes et les pathologies est l’un des plus grands dCfis auxquel les pCpinibres d’Hai’ti doivent 
faire face dans la production d’essences de bois feuillus tropicales de haute qualid. Le document traite des mCthodes 
de culture en ptpinibre, de l’incidence et de la nature des insectes et des maladies sur les cultures, de mCme que des 
stratCgies rationnelles de lutte contre les espbces nuisibles qui ont Ctt mises au point au cours des neuf annCes que 
ont durC le projet d’action directe d'USAID en agroforesterie et son projet subdquent, Agroforesterie II. 

Introduction 
Haiti, a small Caribbean nation occupying the moun- 
tainous western third of the island of Hispaniola, once 
was covered almost entirely by forest. However, years 
of natural resource mismanagement, including exten- 
sive deforestation, have led to severe soil erosion and 
widespread environmental degradation. Increased de- 
mand for agricultural land and continued dependence 
on trees for firewood, charcoal production, and as a fuel 
source for commercial dry cleaners, bakeries and small 
distilleries have all contributed to deforestation. Nearly 
all of the original forest cover has been removed, 
leaving only one upland pine forest (Pinus occidentalis) 
of approximately 10 000 hectares (M. Ashley, forest 
management consultant, The World Bank, personal 
communication 1989) and scattered small forest rem- 
nants elsewhere. Most of Haiti’s lands are now veg- 
etated either with sparse brush or grass or are barren and 
rocky. Haiti has one of the lowest gross national 
products per capita ($300) in the western hemisphere 
(Population Reference Bureau 1988), and one of the 
highest ratios of rural population density to arable land 
(700 persons per arable hectare) (USAID 1984). Popu- 

lation pressures and declining land productivity have 
forced peasants to cultivate marginal sites on steep 
slopes, exacerbating soil erosion and perpetuating the 
vicious downward spiral of reduced agricultural pro- 
duction, destabilized watersheds, and intensified rural 
poverty. 

In an effort to reverse these trends, the United States 
Agency for International Development (USAID) funded 
the Agroforestry Outreach Project in 1981 to promote 
the planting of trees as a cash crop. Based on a socio- 
cultural analysis of Haitian peasant needs and attitudes 
regarding the planting and use of trees, the project aims 
to motivate farmers to plant and protect trees in their 
fields (Murray 1981; Smucker 1981). Project activities 
are implemented through non-governmental organiza- 
tions (NGOs), such as religious missions and grassroots 
development groups. The Pan American Development 
Foundation (PADF) and CARE, selected by USAID as 
lead NGOs, direct project activities. PADF provides 
the smaller collaborating organizations with technical, 
logistical, material and credit support. CARE, lacking 
adequate numbers of collaborators in its zone of respon- 
sibility, operates its own nurseries and works directly 
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with farmers. Tree seedlings are produced and distrib- 
uted to farmers free of charge by the collaborators, 
encouraging the practice of cropping trees on private 
holdings to increase farmers’ incomes and land produc- 
tivity. 

Over the past 9 years the Agroforestry Outreach 
Project has developed an efficient, appropriate system 
for the mass production of containerized tree seedlings 
in a country of marginal resources and infrastructure. 
The 50 participating regional nurseries produce and 
distribute nearly 10 million trees per year to participat- 
ing farmers. The project’s achievements have been 
buttressed in part by basic applied research conducted 
by the project’s research component (currently con- 
tracted to the Southeast Consortium for International 
Development (SECID) in conjunction with Auburn 
University). 

Most programs attempting to modemize nursery 
production of tropical hardwoods are essentially start- 
ing from scratch. Much of what has been learned from 
decades of research conducted on temperate species or 
for tropical/subtropical pines is usually not applicable 
for hardwoods in the tropical, developing country con- 
text. Management of insects and disease in these 
nurseries poses one of the most important challenges to 
consistent, predictable production of high-quality tropi- 
cal hardwood nursery stock. This paper summarizes the 
experience gained in the Agroforestry Outreach Project 
and the current Agroforestry II Project in tropical insect 
and disease management in forest nurseries in Haiti. 

The Nursery System 
The project encompasses a network of 50 regional 
nurseries operated either directly by CARE, or by 
smaller collaborating organizations receiving technical 
assistance from PADF. Since 1981, these regional 
nurseries have utilized rigid-wall plastic containers, 
either the Rootrainer system, produced by Spencer- 
Lemaire of Canada, or the Winstrip system, of Winstrip 
International, Asheville, N.C. Both container systems 
have produced tens of millions of high-quality tree 
seedlings of over 40 tropical species. 

Seedlings are grown in a variety of soil media. An 
imported commercial soil medium composed of peat 
moss, vermiculite and perlite, is the predominant soil 
mix used in the project. There has been a recent move 
toward the utilization of local mixes prepared in Haiti 
from decomposed plant materials and animal manures. 
Some nurseries compost their own materials and make 
their own soil medium. 

The regional nurseries are managed by people 
selected by the collaborator and trained by PADF or 
CARE. These nursery managers are peasant farmers 

who show aptitude for working with plants and for 
managing people. They are usually marginally literate 
rural dwellers, not accustomed to the highly organized 
and structured activities and approaches required for 
predictable production of high quality nursery stock. 

In an effort to establish sustainable nursery produc- 
tion at the farm level, the project recently began to 
encourage farmers to produce forest tree seedlings in 
small nurseries (100-5000 trees/nursery) at their homes. 
To avoid the high initial costs and to reduce the com- 
plexity of the system, plastic sacks are utilized as 
containers in these home nurseries. 

Since their inception a little over a year ago, home 
nurseries have provided some interesting pest manage- 
ment insights. Yard nurseries appear to have more 
insect problems but fewer disease problems than the 
larger regional nurseries. The less structured nursery 
environment, significantly lower level of management, 
and the lack of sanitation all contribute to the insect 
problem. Sacks usually rest on the ground where ants, 
crickets and cutworms have easy access. A lower 
incidence of disease, especially foliar types, appears to 
be related to lower densities of seedlings of the same 
tree species, better spacing and ventilation, and less 
tendency to over-water and over-shade, leading to less 
seedling stress. 

Insects in containerized nurseries 
Entomological pests in general and specifically nursery 
pests have not been well studied in Haiti. In the case of 
the Agroforestry Outreach Project, investigations of 
nursery insect pests have thus far been of lower priority 
than the evaluation of nursery methods and species 
performance; this is most likely due to the lack of 
serious pest problems or catastrophic losses. The avail- 
ability and efficacy of multispectrum insecticides have 
minimizeddamage and therefore interest in insect study. 
The need for a comprehensive entomological survey in 
Haiti has been recognized by USAID in recent years, 
but budget restraints and shifting priorities have left that 
task unfunded. 

Published entomological literature specific to Haiti 
is sparse, as evidenced by a computer search at Auburn 
University and visits to institutional libraries in Port-au- 
Prince. Locally, there appears to be only one relevant 
work available, an excellent though dated treatment by 
Wolcott (1927 ) in French. To bridge this gap, USAID 
periodically engages consultants under short-term con- 
tracts to investigate specific problems. While the ensu- 
ing reports may be of considerable scientific value, the 
information is rarely published and may be difficult to 
access. 
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To determine the nature and extent of nursery insect 
problems, personnel from CARE, PADF, Operation 
Double Harvest (formerly a project participant), and 
Auburn University were interviewed and project 
consultancy reports were reviewed. Nurseries were 
visited and specimens submitted by nursery personnel 
were examined. Because nurseries were often com- 
pletely clean of specimens (an observation also made by 
Tourigny (1987) who suspected insecticide overuse), 
some species which were collected from recently 
outplanted stock are included in the discussion below. 
Beneficial species always suffer from chemical control 
measures but regional project staff report the presence 
of lacewings, walkingsticks, preying mantids, polistine 
wasps and an unidentified predatory bug which feeds on 
aphids on guava. 

Lepidoptera 

Because of their size and obvious feeding damage, 
caterpillars are the most readily recognized of nursery 
pests. Even when the larva is not found, most defoliat- 
ing types of feeding are attributed to members of this 
order. Reports of armyworm and cutworm (Noctuidae) 
incidence indicate that these species may occasionally 
move in from adjacent grassy areas. Some damping-off 
damage may also be incorrectly reported as cutworm 
damage. Because of the common practice of growing 
crops adjacent to nurseries, most lepidopterous pests 
appear to move opportunistically from their preferred 
crop hosts under population pressure onto nursery stock 
(Tourigny 1987). This appears to be the case for at least 
one species of leaf-tying pyralid which attacks Catalpa 
longissima. An unidentified, uncollected caterpillar 
reportedly attacks Swietenia mahogoni but its incidence 
appears sporadic. Although never observed in the one 
nursery that produces pine (Pinus occidentalis), a very 
serious defoliator of this species which could threaten 
outplantings has been identified as a Saturniid in the 
subfamily Citheroniinae (P.M. Estes, Auburn Univer- 
sity, Aubum, Alabama. Personal communication). Con- 
trol of Lepidoptera in the nursery is generally accom- 
plished by the spraying of a synthetic insecticide (usu- 
ally carbaryl), but a naturally derived neem extract 
(discussed in more detail later) or manual removal are 
also used. 

Hymenoptera 

A number of ant species (Formicidae) which frequent 
the nurseries have thus far been classified only by their 
behavior. These include leaf-cutters which attack Cas- 
sia siamea, aphid tenders which stave off predators on 
Citrus spp., seed-stealing ants which remove sown seed 
of Eucalyptus camaldulensis and Casuarina glauca, 

and container colonizers which burrow around seedling 
roots leaving very little soil to accompany the seedling 
when it is outplanted. Current treatments include the 
application of a synthetic insecticide, treating the seed 
chemically before planting, spraying the lower portion 
of the rack holding the seedlings, and seeking the ant 
nest and chemically treating it. 

Homoptera 

This order contains perhaps the most widespread and 
frequently-found pests. Aphids have been reported on 
Citrus spp., Gliricidia sepium, and Catalpa longissima 
and may also vector a virus on Colubrina arborescens 
(Tourigny 1987). Psyllids feed on both indigenous and 
introduced Leucaena spp. and Albizia saman. Tourigny 
(1987) believes this psyllid may be the same species 
(Heterospylla cubana Crawford) causing large-scale 
defoliation of Leucaena leucocephala in Asia. Scale 
insects, including the cottony cushion scale (Zcerya 
purchasi Maskell), the citrus snow scale (Unaspis citri 
Comstock), and unidentified mealybugs, have been 
observed on Citrus spp. An unidentified scale insect has 
also been collected on 1 -year-old outplanted Azadirachta 
indica, but has not yet been found in the nursery. 
Leafhoppers occur but are not considered very impor- 
tant except as disease vectors. When needed, control of 
Homoptera is by natural insecticides for less serious 
infestations and by synthetic chemical sprays in severe 
cases. 

Diptera 

A seed maggot which attacks Albizia saman was tenta- 
tively identified by Tourigny (1987) as the corn seed 
maggot, Hylemya platura (Meig). This pest formerly 
caused serious losses but now is largely controlled by 
either seed dressings with synthetic pesticides or the 
application of fine netting over the soil surface immedi- 
ately after sowing. 

Orthoptera 

Crickets (Gryllidae) are not usually a serious problem 
but may attack Casuarina glauca, Acacia auriculiformis, 
Eucalyptus spp., and Colubrina arborescens. These 
noctumal feeders may clip seedlings just above the root 
collar or defoliate them. They are more common in 
home nurseries where they have easy access to seed- 
lings resting directly on the ground. Nursery managers 
reduce cricket damage by removing vegetation and 
trash from the nursery, eliminating locations which 
shelter crickets, and elevating seedlings. Direct control 
measures include spraying synthetic insecticides in 
areas frequented by crickets and building a fire at night 
to attract and kill them. 
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Coleoptera 
A species of tortoise beetle (Chrysomelidae, subfamily 
Cassidinae) is a fairly common pest on Catalpa 
longissima. It most likely moves into the nursery from 
weedy areas or adjacent crops. Manual removal is 
usually adequate for the numbers involved but spraying 
for other pests may be keeping this species in check. 

Diseases in containerized nurseries 
Diseases remain the biggest obstacle to consistent pro- 
duction of tropical hardwood seedlings in Haiti. Soil- 
borne diseases attacking the seed prior to or during 
germination account for large initial losses. Constant 
high temperatures and relative humidities create excel- 
lent conditions for the growth and spread of foliar 
disease pathogens, Early diagnosis followed by appro- 
priate action is required to avoid large losses. Diseases 
found in containerized nurseries in Haiti have been well 
summarized in project consultancy reports (Runion et 
al. 1990; Runion and Kelly 1990). The pathogens listed 
in the Appendix have not been determined as the causal 
agents but rather were identified as existing on the 
plants at the time of collection. 

An unusually virulent leaf spot complex 
(Cercospora, Alternaria, Curvularia, Fusarium, 
Fusoma, etc.) occurring on Cassia siamea is clearly the 
most important disease in project nurseries. Cassia 
siamea, due to its excellent performance on poor, de- 
graded sites, is one of the most popular species distrib- 
uted by the project. If not recognized early and con- 
trolled (usually by a combination of cultural and chemi- 
cal treatments), this disease complex will kill nearly all 
C. siamea in the nursery. Because C. siamea seedlings 
under nutrient or water stress seem especially vulner- 
able to attack, they must be maintained in a vigorous 
condition throughout their nursery period. The suscep- 
tibility of C. siamea to this disease may be related to it 
being exotic to Haiti. These foliar pathogens also attack 
many other species of trees (Appendix). 

Another important foliar disease which attacks Cas- 
sia siamea, Acacia auriculiformis, Casuarina 
equisetifolia, Carica papaya, and Eucalyptus spp. is 
powdery mildew (Oidium spp.). Although less serious 
than the leaf spots, powdery mildew can also cause 
significant losses when not recognized and promptly 
treated by the nursery manager. 

Anthracnose is especially severe on mango 
(Mangifera indica) seedlings when grown in areas of 
high relative humidity. It is difficult to control cultur- 
ally in these areas; thus, chemical control is preferred. 

Sooty molds, which grow on the honeydew exu- 
dates of sap-sucking insects (aphids, mealybugs, scales, 
psyllids), have been observed on Citrus spp. and 

Leucaena spp. If heavy enough, these molds may 
inhibit photosynthesis but are usually more important as 
insect infestation indicators. Scab (Sphaceloma spp.) is 
also found on Citrus spp., causing reduced vigor and 
occasional mortality. 

Damping-off complexes are widespread, especially 
in newer nurseries where the nursery managers are less 
experienced and where the tendency to overwater is 
greater. Fusarium, Rhizoctonia, and Phytophthora, 
among others, have all been implicated in causing 
damping-off in Haiti nurseries (Tourigny 1987; Runion 
et al. 1990). Both pre-emergent and post-emergent 
damping-off is commonly observed in containers ex- 
posed to excessive water and it declines in severity 
when watering frequency is reduced. Occasionally, 
heavy rains over a period of days or weeks create 
optimal conditions for the growth and spread of these 
soil-borne pathogens, which subsequently require chemi- 
cal control. In areas with high rainfall and high humid- 
ity, nursery managers routinely spray the newly sown 
containers with captan to slow the growth of damping- 
off fungi. 

Locally produced soil mixes are not sterile, yet 
nurseries using local mixes do not for the most part 
experience serious problems with soil-borne patho- 
gens. Surprisingly, the commercial imported medium 
has more serious problems with soil-bome pathogens 
causing severe damping-off than do the local mixes. 
Some studies have indicated that sterilized soil mixes 
are essentially biological vacuums which can be quickly 
colonized by locally aggressive, pioneering pathogenic 
microorganisms (Schneider 1982; James 1989). Non- 
sterile local soil mixes with more balanced microbal 
populations than commercial media and fewer avail- 
able niches may resist rapid population increases of 
opportunistic pathogenic microorganisms (Schneider 
1982). Additionally, local mixes may be a source of 
endomycorrhizal inoculant which can significantly con- 
tribute to seedling growth and vigor. 

Nematodes occasionally attack Citrus spp., 
Swietenia macrophylla, Colubrina arborescens, and 
Leucaena leucocephala (Tourigny 1987; Runion et al. 
1990). Root decay, stunted growth and general 
unthriftiness characterize affected plants. Nematodes 
are a problem in some nurseries where unsterilized soil 
media are used, especially soil mixes using very old, 
decomposed sugarcane bagasse. Utilization of organic 
materials other than bagasse is the best way to avoid 
nematodes. 

Viruses are also fairly common in the nurseries, 
attacking Carica papaya, Cedrella odorata, Colubrina 
arborescens, Catalpa longissima, Azadirachta indica, 
and Albizia saman (Tourigny 1987; Runion etal. 1990; 
Runion and Kelley 1990). Micronutrient deficiency 



symptoms may occasionally resemble symptoms of 
viral infection. Individual viruses have not yet been 
thoroughly studied or identified in Haiti. Stunted seed- 
lings, “carrot top” leaf distortions, mottled leaves and 
seedling mortality are the usual symptoms associated 
with viral infections. Some viruses are vectored by the 
citrus aphid, Toxoptera aurantii, as well as other 
Homoptera and mites, some of which have been posi- 
tively identified in project nurseries (Tourigny 1987). 
Nursery managers or farmers occasionally plant gar- 
dens in the immediate proximity of the nursery, grow- 
ing cucurbits or papaya which often show signs of viral 
infection. The project discourages this practice, espe- 
cially with these virus-prone garden species, in order to 
reduce the chance of the virus being vectored to the 
nursery seedlings. 

Integrated pest management strategies 
Since nursery managers in Haiti are faced with an array 
of fungal pathogens and insect pests, they must be 
aware of prevention and control methodologies avail- 
able. Nurserypersons are trained in integrated pest 
management strategies in formal seminars and during 
monthly visits to each nursery. Training sessions and 
materials emphasize prevention of insect and disease 
problems and the use of cultural techniques. Chemicals 
are presented as a last resort approach. To aid in 
identification of insect, disease, and cultural problems, 
an illustrated nursery manual written in Haitian Crkole 
with color photos of the most common nursery manage- 
ment problems and their prevention or treatment (Josiah 
1989) is used. 

Chemical Control 

Because pesticides are not regulated in Haiti, chemical 
importation, distribution, sales and application of chemi- 
cals are uncontrolled. Thus, many pesticides restricted 
or banned in other countries are easily obtained. Pesti- 
cides are often repackaged in inappropriate, unlabeled 
containers for distribution or sale. Marginal literacy 
among purchasers and applicators adds to improper or 
unsafe pesticide usage. To reduce the danger of expo- 
sure to dangerous pesticides, relatively safe and unsafe 
chemicals are identified during the training sessions, 
and only the safer ones are recommended for use. 
Pesticide labels are re-written in Haitian Criole to 
further encourage safe use. 

All nursery managers receive extensive training in 
pesticide safety. In the regional nurseries, only pesti- 
cides approved by the U.S. Environmental Protection 
Agency may be distributed, due to USAID require- 
ments. Of those insecticides approved for use, carbaryl 
is by far the most popular. Synthetic pesticides are 

probably used more often than is desirable, especially 
for the more visible insect pests, because of their effec- 
tiveness and ease of use. 

Chemical controls are usually limited to the use of a 
few insecticides (i.e., carbaryl, malathion, 
trichlorophon). A fatty acid insecticidal soap has been 
recently introduced and shows promise in controlling 
insect pests such as scales, aphids, and mealybugs. 
Control of fungal pathogens is usually achieved by 
using captan, mancozeb or benomyl. Foliar diseases, 
especially the leaf spot complex, must be controlled in 
the early stages of infection by benomyl. 

Natural Pesticides 

While the preparation and use of natural insecticides is 
included in training materials and seminars, the prac- 
tices are often not well accepted among managers of the 
larger regional nurseries. It is simply easier and faster 
to purchase a synthetic pesticide than it is to collect and 
process the materials necessary to make a natural pes- 
ticide. CARE has made its own investigations into the 
use of neem (Azadirachta indica) and sees great poten- 
tial for this locally available alternative to synthetic 
pesticides (Peter Welle, Program Co-ordinator, FARM 
Project, CARE International, Port-au-Prince, Haiti, 
personal communication, February 1990). Seeds or 
leaves of the neem tree are crushed and soaked in water 
from several hours to a day, and the solution is then 
sprayed on the infected seedlings. Azadirachtin has 
been shown to have antifeedant, insecticidal and growth 
regulatory properties for a variety of insect pests 
(Jacobsen et al. 1985). Unfortunately, synthetic pesti- 
cide use is generally viewed by farmers in developing 
countries as a “modern” remedy, used by “progressive” 
farmers (Schwab 1988). Natural pesticides are consid- 
ered by at least some nursery managers in Haiti as being 
less effective, possibly due to their slower mode of 
action than the synthetics. In spite of these perceived 
drawbacks, a limited number of regional nursery man- 
agers are beginning to use natural insecticides such as 
neem to control their insect pests. 

Farmers producing trees in their own home nurser- 
ies are more likely than the regional nursery manager to 
use natural pesticides. These farmers operate indepen- 
dently, without subsidized chemicals or intensive tech- 
nical assistance. Because they cannot afford to spend 
any money on their seedlings, a low-cost alternative 
pesticide which they can prepare themselves is attrac- 
tive. Home nurseries use a strategy encompassing 
prevention, natural enemies and natural pesticides to 
keep pest populations to a minimum. Other potential, 
locally available botanicals include chili pepper (Cap- 
sicum frutescens), sweetsop (Annona squamosa), sour- 
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sop (Annona muricata), and tobacco (Nicotiana 
tabacum). 

Prevention 

Prevention of nursery insect and disease problems is 
preferred in all nurseries. This is best accomplished by 
promoting good sanitation procedures, removing leaf 
litter and trash, grasses and weeds, and eliminating 
standing water from the nursery area. Seedling contain- 
ers in regional nurseries are washed after each season in 
a solution of chlorine bleach and water. Seedlings are 
fertilized throughout their 4 months in the nursery with 
a balanced soluble fertilizer (20-20-20 plus micronutri- 
ents) to maintain a vigorous and resistant condition. 
Nursery personnel are advised to avoid overfertilization 
or excessive shade as the succulent foliar growth is 
attractive to insects, especially Homoptera. 

Light, Moisture and Humidity Control 

Nursery personnel are encouraged to provide good air 
circulation by supporting the seedlings at least 40 cm 
above the ground, and cutting any trees and bushes in 
the area that inhibit aeration. The planting of border or 
adjacent shade trees of the same species as grown in the 
nursery is discouraged in order to avoid providing 
habitat for insects or pathogens. 

While shadecloth-covered shadehouses have better 
air circulation and lower air temperatures than those 
using plastic films, plastic has been found to be superior 
in reducing disease occurrence. Plastic permits nursery 
personnel to completely control soil moisture in the 
containers, even during periods of prolonged precipita- 
tion, greatly reducing the incidence of soil-bome patho- 
gen (Fusarium, Rhizoctonia, Phytophthora, etc.) at- 
tacks. Shadecloth eliminates this control over soil 
moisture and forces the manager to rely heavily on 
fungicides to control soil-borne pathogens. 

Control of moisture is critical to the management of 
insects and especially diseases in Haiti’s nurseries. 
Proper watering procedures are insisted upon. Nursery 
managers are trained to irrigate when needed, rather 
than on a fixed schedule. This encourages the nursery 
personnel to maintain a presence in the nursery, to check 
the seedlings twice daily and to water accordingly. 
Water is drawn from many different sources (deep and 
shallow wells, rivers and streams) depending upon the 
water resources near the nursery site, availability of 
electricity, etc. Serious disease problems are often 
linked to pathogen-contaminated surface water used for 
nursery irrigation. To reduce these problems, nursery 
managers are encouraged to store surface water in 
drums, allowing impurities and suspended sediments to 
settle. The water is also treated with chlorine bleach to 

reduce pathogen populations (especially motile zoos- 
pores of damping-off and root-rot pathogens). These 
actions are only somewhat effective in reducing disease 
incidence. 

When foliar diseases do occur, some cultural op- 
tions are available to help control the pathogen. Oidium 
can be controlled by placing the infected plants in direct 
sunlight for an extended period. Plants infected with 
other leaf spots or blights also seem to improve with 
increased light intensity, though not as markedly as 
plants infected with Oidium. 

Mechanical control / beneficial organisms 

Nursery managers often use mechanical control proce- 
dures (swatting, hand picking) to reduce the numbers 
and impact of insect pests. They are trained to recognize 
useful natural enemies of insect pests, both insects and 
animals (i.e., ladybird beetles, lacewings, syrphids, 
lizards, toads, snakes, birds, etc.) and to protect and 
encourage their numbers. However, worker aversion to 
snakes and frogs makes it unlikely that these animals 
would survive in sufficient numbers in a nursery to 
reduce insect pests. Use of Bacillus thuringiensis 
would be a desirable option but it is currently too 
expensive. 

Microsymbionts 

Nitrogen-fixing trees account for 25% of all trees pro- 
duced in the Agricultural Outreach Project; the major- 
ity are leguminous. All nitrogen-fixers are inoculated 
with the appropriate strain of Rhizobium, produced in a 
Haitian laboratory from NifTAL (Nitrogen Fixation by 
Tropical Agricultural Legumes, Paia, Hawaii) cultures, 
or with crude inoculant produced from locally obtained 
crushed Frankia nodules (for Casuarina and Alnus 
species). In addition, pines are inoculated with im- 
ported Pisolithus tinctorius or a locally collected 
ectomycorrhizae. Trees inoculated with the proper 
microsymbiont are more vigorous and have far fewer 
diseases or nutrient deficiency problems. 

Resistance to pest damage 

Natural resistance to disease and insect feeding damage 
is an important consideration in an integrated manage- 
ment system. Determination of within-species varia- 
tion in susceptibility to attack is required before such 
traits can be exploited. The seed and germplasm im- 
provement group of the project’s research team has thus 
far limited its investigation of genetic variation to 
biomass production and form. Systematic evaluation of 
variation in pest resistance could be incorporated into 
these studies, replacing informal observations of insect 
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and disease incidence. Current approaches to minimize 
future pest problems include the matching of tree spe- 
cies to site and the use of indigenous species. The 
diversity of species produced and distributed by the 
nurseries further reduces the chance for widespread 
epidemics which are common to monocultures. 

Conclusion 

Successful management of insects and diseases is nec- 
essary for the production of healthy tropical nursery 
stock capable of surviving the harsh conditions com- 
monly found on degraded land in the Haitian country- 
side. Challenges to be met include the training of 
marginally literate nursery managers in integrated pest 
management methods, adapting conventional nursery 
technology to the lower-input systems appropriate for 
developing countries, and working with pest/host rela- 
tionships which have been little studied. 

It is possible, however, to effectively mass-produce 
tens of millions of tree seedlings of a variety of species 
in the tropics, as evidenced by the success of the Haiti 
Agroforestry Outreach Project, and many other suc- 
cessful projects worldwide. Small home nurseries are 
providing new insights into nursery pest management 
strategies; lower disease incidence than found in the 
larger regional nurseries makes closer examination of 
these systems desirable. Greater biological diversity 
within and adjacent to the home nursery and fewer, 
better-spaced seedlings may account for the reduced 
disease incidence. 

Minimizing losses to insects and diseases depends 
on the ability of the nursery manager or farmer to 
correctly identify and respond to the problem at hand. 
The nursery personnel must also understand the under- 
lying causes of the problem and manage the nursery 
environment by supporting natural regulatory mecha- 
nisms to reduce the numbers of injurious organisms. 
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Appendix 
Table 1. Diseases observed on seedlings in Haitian nurseries, with associated pathogenic organisms (from Runion 
et al. 1990) 

Tree species Disease type Pathogen genus 

Acacia auriculiformis Damping-off 
Leafspot 
Powdery Mildew 

Azadirachta indica 

Cassia siamea 

Catalpa longissima 

Damping-off 
Leafspot 

“Yellowing” 
‘‘Carrot-top’’ 

Damping-off 

Leafs pot 

Anthracnose 
Stem Blight / Vascular Wilt 

Leafspot 
Anthracnose 

Casuarina equisetifolia Needle Blight 
Powdery Mildew 

Cedrella odorata Leafspot, 
Stem Blight / Vascular Wilt 

Citrus spp. 

Coffea arabica 

Scab 
Blight / Canker 
Leafspot 
Anthracnose 
Root Rot 

Damping-off 
Leafspot 

Anthracnose 
Stem Blight / Vascular Wilt 

Colubrina arborescens Stem Blight / Damping-off 
Stem Blight / Anthracnose 
Stem Blight / Vascular Wilt 
Leafspot 

Fusarium, Rhizoctonia, Nematodes, 
Pestalotia 
Oidium 

Fusarium, Rhizoctonia, Nematodes 
Cercospora, Phyllosticta 
unidentified 
unidentified 

Alternaria, Cercospora, Diaporthe, 
Fusarium, Macrophomina, 
Myrothecium, Rhizoctonia, 
Nematodes 
Alternaria, Cercospora, Curvularia, 
Fusarium 
Fusoma, Macrophoma, Pestalotia, 
Rhizoctonia 
Colletotrichum 
unidentified 

Alternaria, Botrytis, Cercospora 
Colletotrichum 

Alternaria, Cercospora 
Oidium 

Cercospora 
unidentified 

Sphaceloma 
Fusarium, Phytophthora 
Alternaria, Fusarium, Phoma 
Colletotrichum 
unidentified 

Rhizoctonia 
Alternaria, Cephalosporium, 
Cercospora, Mycena, Pestalotia, 
Phyllosticta 
Colletotrichum 
unidentified 

Alternaria, Fusarium 
Colletotrichum 
Fusarium 
Alternaria, Cercospora, Myrothecium 
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Tree species Disease type Pathogen genus 

Eucalyptus spp. 

Hibiscus elatus 

Leucaena spp. 

Mangifera indica 

Persea americana 

Pinus occidentalis 

Albizia saman 

Simarouba glauca 

Swietenia mahogoni 

Damping-off Fusarium, Phomopsis, Phytophthora 

Anthracnose 
Stem Canker 
Leafspot 

Powdery Mildew 

Stem Blight 
Damping-off 

Damping-off 

Stem Blight / Vascular Wilt 

Powdery Mildew 
Leafspot 

Leafspot 

Needle Blight 
Damping-off 

Sooty Mold 
“Carrot-top’’ 

Stem Blight / Damping-off 

Stem Blight / Damping-off 
Stem Blight / Anthracnose 
Stem Blight / Vascular Wilt 
Leafspot 
Leaf Blister 

Myrothecium, Scolecotrichum 
Colletotrichum 
Phomopsis 
Alternaria, Cercospora, Curvularia, 
Myrothecium, Phytophthora, 
Sphaeropsis 
Oidium 

Alternaria 
Fusarium 

Alternaria, Fusarium, Myrothecium, 
Rhizoctonia 
unidentified 

Oidium 
unidentified 

unidentified 

unidentified 
unidentified 

Capnodium 
unidentified 

Fusarium 

Fusarium, Macrophoma 
Colletotrichum 
Fusarium 
Alternaria 
Taphrina 
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Abstract 
India's climate ranges from temperate in the northem Himalayas to tropical in the southem peninsula. Consequently, 
incidence and severity of seedling diseases also show tremendous variation, since they chiefly depend upon the 
prevailing climatic conditions and host species. Damping-off, which occurs throughout India, is the most serious 
disease of young seedlings. In temperate and drier regions, Pythium, Fusarium, and Macrophomina are the main 
nursery pathogens, whereas, in tropical humid regions, ubiquitous facultative parasites, Rhizoctonia, Sclerotium, 
and Cylindrocladium are the major pathogens causing a wide variety of serious diseases. Caterpillars 
(Order Lepidoptera) that defoliate seedlings are the most damaging insects in Indian forest nurseries. Root feeding 
insects such as termites and white grubs are also economically important in many forestry crops. 

Though millions of seedlings of tree species are raised in forest nurseries every year throughout India, and pests 
and diseases take a heavy toll in some areas, their management is conventional and depends chiefly on chemicals. 
Control measures are attempted only when the diseases or pests have already appeared and have caused damage; 
prophylactic treatments are usually arbitrary and without any scientific basis. This paper describes some of the major 
seedling diseases and pests of important forest tree species in India, and highlights some of the lacunae which have 
to be remedied if scientifically sound practices for management of forest nursery pests in India are to be developed. 

Resume 
L'Inde se caractCrise par la grande variCtC de ses climats rkgionaux, depuis la zone tempCrCe des rCgions 
septentrionales (Himalayas) jusqu'a la zone tropicale de la pkninsule mCridionale, d'oil 1'hCttrogCnCitC des courbes 
dincidence et de gravitC des maladies affectant les semis. La fonte, prksente dans toutes les rCgions du subcontinent 
indien, est la maladie la plus grave affectant les semis. Dans les rCgions tempCrCes et sbches, le Pythium, le Fusarium 
et le Macrophomina sont les principaux pathogbnes des pkpinibres, tandis que dans les rCgions tropicales humides, 
les parasites hCttroxbnes ubiquistes Rhizoctonia, Sclerotium et Cylindrocladium sont les principaux pathogbnes 21 
l'origine dune grande variCt6 de maladies graves. Les chenilles de l'ordre des lkpidoptbres, qui dCfolient les semis, 
sont les insectes les plus nuisibles aux pCpinibres forestibres indiennes. Les insectes rhizophages tels les termites 
et les hannetons ont Cgalement une incidence Cconomique importante dans de nombreuses cultures forestibres. 

Bien que des millions de semis arboricoles soient cultivCs chaque annCe dans les pCpinibres forestibres de 1'Inde 
et que les insectes nuisibles et les maladies causent beaucoup de ravages dans certaines rCgions, les mCthodes 
employCes pour lutter contre eux sont gkntralement de type conventionnel et 2 base de produits chimiques. Les 
moyens de lutte sont mis en oeuvre seulement aprbs l'apparition de la maladie ou de l'insecte et de dCgks; et les 
thCrapies prophylactiques sont habituellement arbitraires et ne procbdent daucune demarche scientifique veritable. 
Cette Ctude dCcrit quelques-unes des principales maladies et des principaux insectes qui ravagent les semis des plus 
importantes espbces arboricoles indiennes et met en lumikre certaines des lacunes qui devront Stre redresskes pour 
que 1'Inde puisse Claborer des pratiques de gestion scientifiques des maladies et des insectes nuisibles qui ravagent 
ses pCpinibres forestibres. 
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Introduction 

With the increasing demand for wood in India, forestry 
has gained importance in recent years. A need for 
augmenting the productivity of the existing plantations 
by intensive management is being felt. However, as 
forest management becomes more intensive, more pests 
and diseases appear. This apparent increase is partially 
the result of high seedling densities (to accomplish 
increased production of seedlings), improper nursery 
practices, closer observations, and a greater concern 
about insect pests and diseases. The availability of 
healthy seedlings for planting is important to forest 
management. To meet this need, it is imperative to 
minimize or control pest insects and diseases, depend- 
ing upon their seriousness and economic importance. In 
India, climatic conditions range from temperate in the 
northern Himalayas to tropical humid-warm in the 
southem peninsula, so incidence and severity of insect 
pests and diseases of seedlings also shows tremendous 
variation; these variations depend chiefly on the pre- 
vailing climatic conditions and the host species. 

We do not intend to describe in this paper various 
types of nursery diseases or pests of different tree 
species and factors responsible for their development; 
they are already well known. Rather, we will provide 
information on some of the serious nursery diseases and 
insect pests of important plantation species in India and 
their control measures. As well, we will highlight the 
lacunae in the management of the nursery diseases and 
pests. 

Status of diseases in forest nurseries 
Under conducive conditions, seedlings of any tree spe- 
cies, whether hardwood or softwood or exotic or indig- 
enous, may suffer from one or more diseases in the 
nursery. Every year millions of seedlings of different 
tree species are raised in forest nurseries throughout 
India, and diseases take a heavy toll, at least in some 
parts of the country. Close surveillance in nurseries for 
the occurrence of diseases is warranted so that proper 
control measures can be adopted before losses become 
evident. Proper control is possible only when the 
identity of a disease and its pathogen are known. Unfor- 
tunately, there exists a large gap in information on 
nursery diseases of various tree species in different parts 
of India; even available information is scattered in the 
literature. Except in Kerala state, where during the past 
decade systematic disease surveys have been conducted 
by Sharma and co-workers to identify nursery diseases 
of various tree species and to establish control measures 
of serious diseases, no such studies have been carried 
out in other parts of India. Bakshi et al. (1972) surveyed 
forest diseases in India; unfortunately, the survey was 

not exhaustive and an urgent need for a systematic and 
intensive forest disease survey in all the states of India 
still remains. Lately, preservation of the natural forests 
has become the focus of considerable attention. Since 
we do not have much information on diseases of seed- 
lings in natural forests, which may be very useful in 
restocking the degraded areas or gaps in natural forests, 
the Kerala Forest Research Institute has initiated de- 
tailed investigations on seedling diseases of indigenous 
tree species, including bamboos, reeds, and canes in 
natural forests as well as nurseries. 

Nursery diseases and their management 
In a tropical country like India, numerous nursery 
diseases are encountered. Each seedling species suffers 
from many diseases causing mortality at different growth 
stages. In Kerala, surveys conducted by Sharma et al. 
(1985) and Sharma and Sankaran (1987) recorded 35 
seedling diseases on seven host species (Ailanthus 
triphysa (Dennst.) Alston, Albizzia falcataria L. 
Fosberg., Bombax ceiba Linn., Dalbergia latifolia 
Roxb., Gmelinaarborea Roxb., Eucalyptus, andTectona 
grandis L.) with which 49 pathogens were associated; 
eight diseases were identified as serious and six others 
were found to be potentially serious. Clearly the man- 
agement of the large array of seedling diseases found in 
the tropics becomes complex; often, management prac- 
tices adopted in the nursery fail to prevent diseases so 
chemicals are important in disease management. 

Among the microbes, fungal pathogens cause heavy 
losses in forest nurseries. Damping-off of newly emerged 
seedlings, which occurs throughout India, is the most 
prevalent disease which can cause extensive mortality 
of seedlings. Other diseases such as various root rots, 
wilts, and leaf blights become important and cause 
further loss of older seedlings. The incidence and 
severity of a seedling disease is directly influenced by 
the level of susceptibility of the host seedlings in a 
particular environment; hence, most of the diseases 
have a spatial distribution. Since it is not possible to 
provide details of all the nursery diseases recorded on 
seedlings of all forest trees grown in India, details of 
only some of the major diseases that have a significant 
impact on plantation forestry are included here. For 
convenience, the seedling diseases are described sepa- 
rately for each host species rather than grouping them 
according to their symptoms. 

Ailanthus triphysa 
Ailanthus triphysa, which occurs naturally in southeast 
Asia, was introduced to India during early 1960s for its 
softwood used in the match industry. The tree suffers 
from many diseases in the nursery: damping-off and 
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collar rot are the most important diseases causing seri- 
ous seedling mortality. Other diseases that affect this 
species are seedling blight (Colletotrichum dematium), 
stem infection (Botryodiplodia theobromae), shot-hole 
(Colletotrichum state of Glomerella cingulata), sooty 
mold (Meliola ailanthi), and bacterial leaf spot (Pseudo- 
monas solanacearum) (Sharma et al. 1985). 

Damping-off: The disease occurs within 2 weeks of 
seed germination when the first pair of leaves emerges 
out of the soil. It causes 50 to 60% mortality of seedlings 
under the dense shade provided over the seedbeds and 
if there has been excess watering. The disease can be 
controlled effectively by two soil drenches of Dithane 
M-45 (mancozeb) (0.05% a.i. and 0.02% a.i.) applied at 
weekly intervals. 

Collar rot: This is the most widespread and serious 
disease among all the nursery diseases of A. triphysa. 
The disease usually appears when the seedlings are 1 
month old and it often continues to affect seedlings for 
3 to 4 months; it can result in 30 to 60% mortality. Collar 
rot is effectively controlled by two soil drenches of 
MEMC (Emisan-6) (0.005% a.i.) at an interval of 10 to 
15 days, depending upon the age of the seedlings. 

Albizzia falcataria 

Albizzia falcataria, one of the fast growing species 
suited for humid tropics, is a native of Moluccas, New 
Guinaea and the Solomon Islands. It was introduced 
into India as part of an afforestation program. Two 
serious nursery diseases (web blight caused by Rhizoc- 
tonia solani state of Thanatephorus cucumeris and 
Fusarium wilt by F .  solani) have been recorded in 
Kerala by Sharma and Sankaran (1987); web blight has 
also been recorded in Assam (Agnihothrudu 1962). 

Web blight: Seedling mortality from web blight varies 
by locality depending upon seedling age and density. 
This disease can be controlled by applying a prophylac- 
tic soil drench of Bavistin (carbendazim) (0.05% a.i.) a 
week before sowing the seeds. After appearance of the 
disease, however, at least two applications of Bavistin 
(0.1 % a i )  at weekly intervals are necessary. 

Fusarium wilt: This disease, recorded in 1 - to 3-month- 
old seedlings, may cause up to 75% mortality. The rapid 
increase of the disease incidence is partially controlled 
by regulating the watering frequency. Complete con- 
trol of wilt is achieved by drenching the seedbeds with 
Dithane M-45 (0.03% a.i.) or Bavistin (0.02% a.i.). 

Casuarina equisetifolia 

In India, Casuarina equisetifolia Forst. was introduced 
along the east and west coast in the latter half of the last 
century, primarily to meet the growing fuelwood de- 
mand. Damping-off, seedling blight, stem canker, and 
root rot are common diseases caused by Rhizoctonia 
solani, all of which cause significant losses (Mohanan 
and Sharma 1990). Of these, only the first two are 
serious enough to warrant discussion here. 

Damping-off: Damping-off is most prevalent in over- 
watered, shaded seedbeds. To alleviate disease losses, 
watering should be temporarily suspended and lighting 
improved. The disease is controlled by Vitavax 
(carboxin) (0.01% a.i). 

Seedling blight: Seedling blight is most common on 2- 
to 3-month-old seedlings. Vitavax (0.01% a.i.) is a very 
effective control. 

Eucalyptus spp. 
Eucalyptus grandis Hill ex Maid and E. tereticornis 
Sm. have become the most widely planted exotic spe- 
cies in India because of their fast growth, adaptability, 
and high value for pulp and paper. Diseases are espe- 
cially damaging in high rainfall (>1500 mm) areas and 
as many as 14 nursery diseases have been recorded on 
these species in India. Damping-off, web blight, seed- 
ling blight, and leaf blight appear almost in a succession 
and form a disease complex. Some of these diseases 
may result in almost 100% seedling mortality in certain 
areas. Other diseases are Cylindrocladium cotyledon 
spot (C. quinqueseptatum), seedling wilt (Sclerotium 
roljsii), stem infections (C. quinqueseptatum, C. ilicicola, 
and C. clavatum), leaf spots (Bipolaris spicifera, 
Phaeoseptoria eucalypti, and Exserohilum rostratum), 
root rots (C. curvatum, Sclerotium rolfsii, and Rhizoc- 
tonia solani), and charcoal root rot (Macrophomina 
phaseolina and its anamorph Rhizoctonia bataticola) 
(Sharma et al. 1985; Soni et al. 1985). 

Damping-off: Numerous pathogens such as Rhizocto- 
niasolani, Pythiumdeliense,P. myriotylum,P. spinosum, 
Cylindrocladium quinqueseptatum, C. floridanum, C. 
parvum, and Fusarium oxysporum have been isolated 
from damped-off eucalypt seedlings. Post-emergence 
damping-off occurs more commonly than pre-emer- 
gence damping-off. The disease spreads rapidly under 
high soil moisture and high seedling density. This 
disease is effectively controlled by treating seedbeds 
with Bavistin, Dithane M-45, and MEMC (Sharma and 
Mohanan 1990) separately with an interval of 4 hours 
between treatments. After appearance of the disease, 
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watering is reduced to a bare minimum until application 
of fungicides. 

Web blight: Web blight of eucalypts, recorded in humid 
areas of the country, is caused by Rhizoctonia solani, 
anamorph of Thanatephorus cucumeris (Sharma et al. 
1985). Young seedlings (4 to 8 weeks old) are killed 
outright, but older seedlings (more than 10 weeks old) 
remain alive for some time before dying. MEMC 
applied as a soil drench is very effective in web blight 
control. After the appearance of web blight, reduction 
in watering of seedbeds is recommended to check 
spread of the disease. 

Seedling blight: Seedling blight, affecting 1- to 2- 
month-old seedlings, may result in heavy mortality (up 
to 75%) of seedlings. The disease is caused by 
Cylindrocladium quinqueseptatum, C. ilicicola, C .  
parvum, C. clavatum, C. camelliae, and C. scoparium. 
Seedling blight is controlled effectively by Bavistin 
(carbendazim) (0.01 to 0.02% a.i.) applied as foliar and 
soil drenches (Sharma and Mohanan 1990). A second 
application of the fungicide may be necessary if the 
disease persists as the result of favorable weather. 

Cylindrocladium leaf blight: Leaf blight caused by 
species of Cylindrocladium (C. quinqueseptatum, C. 
ilicicola, C .  clavatum, C. scoparium, and C. colhounii) 
is one of the most important and widespread diseases in 
eucalypts throughout India (Sharma et al. 1984; Nair 
and Jayasree 1986); severe losses occur in high rainfall 
areas. If remedial measures are not taken immediately 
after the appearance of this disease, high mortality (up 
to 100%) may result within 1 month. Bavistin (0.01 or 
0.02% a.i., depending upon the disease severity) ap- 
plied as a foliar drench is highly effective in controlling 
the leaf blight. In the case of severe outbreaks, a second 
application may be necessary. 

Since a single pathogen can cause many diseases of 
eucalypts and a single disease can be caused by many 
pathogens, control of the disease complex poses special 
problems. To manage this disease complex, Sharma 
and Mohanan (1990) have standardized nursery prac- 
tices and integrated control measures; they recommend 
proper management (with adequate shade, an optimum 
soil moisture regime, appropriate seedling density, etc.) 
in concert with prophylactic fungicidal treatment. 

Pinus spp. 
Many species of indigenous and exotic hard pines are 
raised in India to meet the increasing demand for pulp 
and paper. Since in India these pines are grown both in 
temperate and tropical conditions, depending upon the 

species, many different diseases such as damping-off, 
seedling wilt, charcoal root rot, needle blight, and rusts 
are encountered (Bakshi et al. 1972; Reddy and Pandey 
1973; Jamaluddin et al. 1981; Sujan Singh et al. 1982, 
1983); details of some of the important diseases are 
provided below. 

Damping-ofS: This is the most widespread and serious 
disease in pine nurseries. Up to 100% mortality can 
occur in exotic pines such as Pinus elliottii Engelm., P. 
occidentalis Sw., P. oocarpa Schiede., and P. kesiya 
Royle ex Gord. Rhizoctonia solani is usually the main 
damping-off pathogen; Pythium and Fusarium are less 
common. In North Bengal and Andhra Pradesh nurser- 
ies, damping-off is controlled by sterilization ofnursery 
soil with formalin at least 10 to 12 days before seed 
sowing. In Madhya Pradesh, damping-off losses have 
been controlled by treating the soil with copper 
oxychloride. 

Seedling wilt: Seedling wilt caused by Fusarium solani 
is also common in pine nurseries, especially on P. 
caribaea Morelet, P. elliottii, and P.patula Schlecht. & 
Cham. in Uttar Pradesh and North Bengal. Seedling 
mortality is very severe (80%) up to 6 months after 
pricking the seedlings into containers. No effective 
controls are known. 

Cercoseptoria needle blight: This disease, also known 
as “brown needledisease”, iscausedby Mycosphaerella 
gibsonii (conidioma Cercosepteria pini-densiflorue; 
spermogonia Asteromella sp.). The pathogen, inadvert- 
ently introduced into India, continues to seriously dam- 
age pine nursery seedlings in Uttar Pradesh and Andhra 
Pradesh, where the disease incidence is as high as 100% 
on some pines. The disease is serious in hard pines (P.  
clausa, P. caribaea, and P. patula) raised on unsuitable 
sites, such as those with a high soil pH. Dithane M-45 
and Cuman LC, applied immediately after the first 
rains, effectively control the disease. 

Populus spp. 
Besides Populus Ciliata, an indigenous poplar occur- 
ring in the Himalayas from Kashmir to Bhutan, other 
exotic poplar species such as P. deltoides Bartr., P. alba 
L., and P. xeuramericana (Dode) Guinier are raised in 
plantations in northern India. Besides the diseases 
described below, Alternaria tip blight (Alternaria stage 
of Pleospora infectoria) and Melampsora rust ( M .  
Ciliata) also occur in poplar nurseries in northem India 
(Sujan Singh et al. 1983). 
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Cladosporium leaf spot: This disease, caused by 
Cladosporium humile, affects Populus ciliata Wall. ex 
Royle andP. albainnurseriesin Uttar Pradesh, Himachal 
Pradesh, and Jammu and Kashmir (Sujan Singh et al. 
1983). The disease causes extensive premature defolia- 
tion, consequently it affects seedling growth. Dithane 
M-45 is very effective in controlling leaf spot. 

Ganoderma root rot: In Punjab state different species of 
Populus suffer from a root rot caused by Ganoderma 
lucidum (Bakshi et al. 1972). The disease causes up to 
100% mortality of nursery seedlings. 

Botryodiplodia set rot: A severe rot of cuttings of P.  
yunnanensis Dode, P. deltoides, and P. Ciliata is preva- 
lent in the states of Himachal Pradesh and Uttar Pradesh. 
This rot, caused by Botryodiplodia palmarum, kills the 
new shoots within 4 to 6 weeks of sprouting; in severe 
cases cuttings do not sprout at all. 

Tectona grandis 
Tectona grandis (teak), indigenous to India and other 
southeast Asian countries, is the major plantation spe- 
cies. The most common diseases are a rust followed by 
bacterial collar rot, Rhizoctonia collar rot, and mildew. 

Rust: Rust, caused by Olivea tectonae, is widespread in 
nurseries of Andhra Pradesh, Madhya Pradesh, and 
Kerala, especially in dry areas. Rust severity varies 
greatly by locality and year depending upon weather 
conditions (chiefly rainfall). Severe outbreaks cause 
premature defoliation, whichmay affect seedling growth. 
The rust is controlled by foliar sprays of sulphur-based 
fungicides (Khan 1951) and Plantvax ( S h m a  et al. 
1985). 

Bacterial collar rot: This disease, caused by Pseudo- 
monas solanacearum, usually affects young (4 to 5 
months old) teak seedlings (Sharma et al. 1985); about 
5 to 10% of seedlings are killed in patches, and seedling 
mortality increases when soil moisture is high. The 
disease is successfully controlled by an application of 
Plantamycin (0.01 % a i )  as a soil drench. Collar rot can 
also be effectively managed by adopting appropriate 
cultural and nursery management practices. 

Rhizoctonia collar rot: A serious collar rot disease 
caused by Rhizoctonia solani (anamorph of 
Thanatephorus cucumeris) affects young seedlings (40 
to 45 days old). Disease incidence varies from 5 to 25%; 
high humidity and high seedling density are predispos- 
ing factors. Several fungicides such as carbendazim, 
thiophanate methyl, carboxin, and MEMC are effective 
against this disease (Mohamed Ali and Florence 1990). 

Powdery mildew: Powdery mildew of teak caused by 
Uncinula tectonae affects mature teak seedlings (1 year 
and older). In the nurseries of Kerala, Andhra Pradesh, 
and Madhya Pradesh (Bakshi et al. 1972; Sharma et al. 
1985), triadimeno, quinomethionate, and tridemorph 
(Kulkami and Siddaramaih 1979) effectively control 
this disease. 

Insect pest problems in forest nurseries 
Very little information is available on the insect pests of 
forest nurseries in India. However, based on the infor- 
mation available in the literature (Beeson 1941 ; Mathew 
1986; Mathew and Nair 1985; Singh and Ahmad 1989; 
Thakur 1989; Varma 1984; Singhetal. 1982) five types 
of major pest problems (damage by white grubs, ter- 
mites, cut worms, defoliators, and sap-sucking insects) 
that are recognized in the forest nurseries in India are 
described below. 

White grubs 

White grubs are polyphagous pests that make their 
appearance during the rainy season. Many scarabaeid 
root grubs damage seedlings in nurseries or in young 
plantings. Of these, two species belonging to the genus 
Holotrichia (H. consanguinea and H .  longipennis) are 
the most widely distributed in India and they attack 
several tropical species. Hilyotrogus holosericea, 
Granida albosparsa, Brahmina spp., Hoplia advena, 
and Melolontha furcicauda are associated with conifer- 
ous trees, mostly pines, in the temperate zones at high 
elevations of 1500 to 3000 m (Beeson 1941). Most of 
these insects have a prolonged life cycle which takes 1 
to 2 years for completion. In nursery beds, damage by 
root grubs results in patch mortality of seedlings. 

Management of white grubs using insecticides such 
as Phorate, Carbofuran, Aldicarb, Heptachlor, and Al- 
drin has been suggested, but success depends on the 
time of application. Usually the insecticides are applied 
after the first rains (in April or May) and again after the 
monsoon (September). 

Termites 

Termite attack is very common in both nurseries and 
young plantations. Usually the tap root, which is 
characteristically taper-shaped, is attacked. The first 
aboveground symptom of termite attack is the drooping 
of tender leaves and wilting; this is followed by seedling 
mortality. Eucalyptus spp. are the most susceptible, 
although attack has been noticed in several species 
including Casuarina equisetifolia, Tectona grandis, 
and Shorea robusta (Beeson 194 1). In India, the impor- 
tant termites causing damage are Odontotermes 
microdentatus, 0. obesus, and Microtermes obesi 
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(Thakur 1989). Treatment of the nursery bed or con- 
tainer seedlings with organochlorine insecticides like 
Heptachlor or Aldrin is recommended (Nair and Varma 
1981). 

Cutworms 

Cutworms are well known pests in agriculture and 
forestry. They generally attack seedlings in nurseries 
and young plantations, cutting-off tender shoots at 
ground level and removing buds and leaves which may 
be eaten or dragged to the insect’s hiding place. Conse- 
quently, the cut portion of the seedling is usually not 
visible. In India, the noctuid Agrotis ipsilon is the most 
widely distributed cutworm affecting numerous host 
plants including Cedrus deodara. Eggs are laid in small 
groups on the ground and the larvae hide in the soil 
during the day and emerge to feed at night. Pupation 
occurs in the soil. The life cycle is completed in about 
2 months. Soil application of granular pesticides as well 
as foliar spray of systemic insecticides are recom- 
mended controls. 

Defoliators 

Besides cutworms, several leaf-feeding insects often 
cause serious damage in forest nurseries. Caterpillars, 
beetles, and grasshoppers belong to this category. Of 
these, caterpillars can cause serious damage by building 
up in large numbers within a short period. These insects 
occur in numerous habits and include concealed feeders 
like Adoxophyes moderatana (on Albizzia falcataria) 
Archips micaceanus (on A .  falcataria and Eucalyptus 
spp.) which roll the leaves and feed from the inside, as 
well as surface feeders like Eurema blanda (on Albizzia 
falcataria), Ophiusa janata, Prodenia litura, and 
Lymantria spp. (on Eucalyptus spp., Shorea robusta 
Gaertn. f. and Populus spp.) as well as the defoliator 
Hyblaea puera (on teak). Incidence of leaf-feeding 
beetles and orthopterous insects (Brachytrypes 
portentosus, Gymnogryllus erythrocephalus, and G. 
humeralis attacking Casuarina equisetifolia and 
Caloptenopsis sp., Chrotogonus sp., and Catantops 
indicus) attacking pines have also frequently damaged 
forest nursery seedlings. Control strategies involve 
applying organophosphorus insecticides like Di- 
methoate, Malathion, Phosphamidon, and Quinalphos. 

Sap-sucking insects 

Occasional build-up of sap-sucking thrips 
(Thysanoptera) and insects in the hemipteran families 
Aleyrodidae, Aphididae, Membracidae, Coccidae, 
Psyllidae, and Miridae also occur in forest nurseries. 
Their attacks result in the crinkling of leaves, shoot 
dieback, or even seedling death. Instances of shoot 

dieback as the result of the membracid Oxyrachis 
tarandus is common in Albizziafalcataria nurseries and 
plantations. The coccid Pulvinaria maxima attacks 
tender shoots of Azadirachta indica A. Juss. causing 
dieback. Usually these insects are associated with 
certain ants, which often play a role in their distribution. 
Attack by thrips results in the crinkling of the leaves and 
very often detection of the causal organisms is difficult. 
Since the incidence rate of sap-sucking insects in forest 
nurseries is very low as compared to the root or leaf 
feeding insects, very few studies have been made on 
their control. 

Conclusion 
Management of a nursery is a specialized forestry 
activity. Some disease and insect problems associated 
with forest plantations are directly affected by nursery 
management practices, since affected nursery stock 
may contribute to the distribution and spread of patho- 
gens and insect pests, as occurred in the case of 
Cylindrocladium leaf blight of eucalypts in Kerala 
(Sharma 1986). Consequently, it is important to control 
insects and diseases in the nursery. 

Since insect pests vary with plant species and also 
with ecoclimatic region, detailed studies are necessary 
to identify potential foliage pests (e.g. leaf feeding 
beetles, grass hoppers, and crickets) and root pests 
(termites and white grubs). Among the foliage pests, 
caterpillars belonging to order Lepidoptera are the most 
damaging in forest nurseries. Among the root pests, 
several species of termites and white grubs are equally 
important. Once the most serious nursery pests in 
different regions are identified, detailed studies need to 
be undertaken on their management. Although, at 
present, standard recommendations using insecticides 
are already available for the management of several 
pests, ecological information such as pest occurrence 
and importance, natural incidence of various bio-con- 
trol agents, and the impact of pesticides on other organ- 
isms is not available. Such information is essential to 
develop a scientifically sound management strategy 
against nursery pests. 

In any disease control strategy, the recognition of 
the disease and its etiology are essential since diseases 
like damping-off can be caused by many organisms, as 
is the case in eucalypts. Secondly, the relationship of 
epidemiology of seedling diseases and nursery prac- 
tices, which has implications in disease control strate- 
gies, has been studied much less than disease etiology or 
ecology. For integrated control, therefore, epidemiol- 
ogy of some of the serious diseases needs to be related 
to management practices. Furthermore, though the 
results of nursery trials are always useful in judging the 
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effectiveness of a fungicide under various climatic and 
soil conditions, preliminary laboratory screening should 
always be made to eliminate ineffective fungicides. 
Unfortunately, many chemical control studies are initi- 
ated in forest nurseries rather than in the laboratory, 
assuming that a fungicide effective against a particular 
pathogen on one host will also be effective against the 
same pathogen on another host; the host origin of the 
pathogen and the possibility of dealing with a different 
biotype or strain (which may behave differentially to 
fungicide) are ignored, and this may result in partial 
control or no control of the disease. More importantly, 
the screening method should be appropriate to the type 
of pathogen. For example, for a pathogen like R. solani 
producing microsclerotia, the soil-fungi screening 
method is more appropriate than the poisoned-food 
method. If the effective fungicides are selected on the 
basis of the poisoned-food method, it is likely that the 
disease will be successfully controlled. 

Rhizoctonia solani is one of the most widespread 
nursery pathogens in tropical India, where it can cause 
several destructive diseases. Surveys by Sharma and 
his coworkers in Kerala indicate that R. solani affects 
numerous hosts; of 22 hosts surveyed, 10 are affected. 

Rhizoctonia solani is a ubiquitous and opportunistic 
pathogen that should not be ignored. 

For the control of most of the seedling diseases and 
insect pests in India, there is an emphasis on chemicals. 
This occurs because when forest departments establish 
nurseries, their top priority is to raise seedlings - no 
importance is given to imminent disease or insect prob- 
lems which can be avoided by following appropriate 
cultural and nursery management practices. And when 
disease or insect problems occur and cause damage, 
immediate control measures are sought to save the 
stock. In this situation, the only remedial measures 
possible involve the use of chemicals. In the absence of 
forest pathologists in each state, advice for controlling 
diseases is taken in most cases from local agricultural 
plant pathologists who are unaware of the disease 
control strategies appropriate to forest nurseries. To 
overcome these difficulties it is essential to publish 
nursery manuals and extension bulletins on a regional 
basis. These publications should include details of 
standardized nursery and cultural practices for a par- 
ticular seedling crop, its insect and diseases problems, 
and strategies for their management. This requires the 
concerted effort of foresters, forest pathologists, and 
entomologists. 
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Abstract 
This paper reviews the main disease and insect problems in Italian forest nurseries. Also included is information 
on management of these pests. Some of the major diseases that are covered include cypress canker, pine twist rust, 
diseases of chestnut seedlings, and powdery mildew of oak. Besides the narrative on nursery insects, a table is 
presented that summarizes host plants affected, when damage occurs, and the severity of damage. 

Resume 
Ce document passe en revue les principales difficultts lites aux maladies et aux insectes rencontrtes dans les 
ptpinibres forestikres de 1’Italie. I1 comprend Cgalement de l’information sur la gestion de ces ravageurs. Parmi les 
principales maladies dont il est question figurent le chancre du cyprks, la rouille du pin, les maladies des semis de 
chitaignier et l’oi‘dium du chCne. A l’expost narratif sur les insectes des ptpinikres s’ajoute un tableau qui rtsume 
des informations sur les plantes hBtes, le moment oa surviennent les dommages et la gravitt de ces dommages. 

Introduction 
In Italy there are about 300 forest seedling nurseries 
with a total area of 800 hectares. In 1987 these nurseries 
produced some 30 million conifer and 25 million 
broadleafed seedlings (including 5 million rooted pop- 
lar cuttings). Italian nurseries are run by the “Region?’ 
(regions or regional governments) which in the last few 
years have closed down many nurseries because they 
were too small, or badly sited (e.g. with respect to their 
soil) or because it was not possible to mechanize the 
cultural practices. In spite of this re-organization, many 
nurseries are still too small to be economically viable or 
are located on unsuitable terrain. Nursery personnel 
also often lack adequate professional training. These 
deficiencies affect both the quantity and quality of the 
seedlings produced, and this has a negative impact on 
forest production. Also, there are very few researchers 
who specialized in the diseases and pests of forest 
nursery seedlings. This can result in infected stock 
being outplanted or the introduction of pests into pest- 
free areas, or both. In this paper we concentrate on 
diseases and insects in central and south Italian nurser- 
ies. Pests of northern Italian nurseries tend to be ones 
that are already fully described in the standard manuals 
of plant pathology and entomology. 

The climate of the area we are concerned with is 
characterized by long dry summers (longer in the south), 

mild rainy winters, and variable springs. The summer 
affects the life cycle of pathogenic fungi and reduces the 
incidence of foliar diseases while the mild winters and 
variable springs result in premature early growth and 
possible damage from late frosts. The major diseases 
are described below with notes on their distribution, 
their hosts, damage caused, disease progression, and the 
methods used to control them. Limited coverage of 
some diseases and pests indicates that in-depth informa- 
tion about them is still unavailable, and that more 
research is needed. Information about diseases in 
nurseries in Italy is summarized in Table 1. 

Cypress canker 

Cypress canker, caused by Seiridium cardinale, is one 
of the most important diseases in central Italian nurser- 
ies. The pathogen was first reported in California in 
1928 and since then it has spread and become common 
in Europe (especially Italy, France and Greece), Israel, 
New Zealand, Australia, Africa and South America. 
Cypress canker causes serious losses in seedling stock. 
The movement of diseased stock resulted in the disease 
being spread rapidly throughout Italy and other Medi- 
terranean basin countries. Significant losses have been 
suffered by nurseries in the Pistoia area, where Italian 
cypress clones, for ornamental purposes, are produced 
by grafting. 
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Table 1. Nursery seedling diseases and references to studies that have been done on them in Italy 

Host(s) Type of damage and causes Pathogen References 

Broadleaf 
Populus spp. 

Acer spp. 

Castanea sativa 

Eucalyptus spp. 

Juglans regia - 
Populus spp. 

Quercus spp. 

Q. ilex 
Pinus nigra 
P. sylvestris 

Eucalyptus 
bicostata 

E .  maidenii 
E. globulus 
Populus spp. 

Q. ilex 

Conifer 
Cupressus spp. 

Larix decidua 

Picea excelsa 
P. pungens 
Pinus nigra 
P. pinea 
P. pinaster 
P. pinea 
P. radiata 

P. nigra 
P. sylvestris 
P. pinea 
P. sylvestris 

Root rot in plantations 
with fluctuating 
water tables 
Foliar necrosis, 
premature defoliation 
Leaf chlorosis and 
necrosis 
Premature defoliation 
of young trees 
Leaf chlorosis, 
necrosis and black 
lesions on petiole 
Premature defoliation, 
reduced growth 
Premature defoliation, 
stunted growth 
Dieback 
Dieback of 1 and 2- 
year old needles 
and seedlings 
Stem and branch 
dieback associated 
with cold winds 

Bark necrosis on 
stems - branches of 
seedlings under 
weather stress, 
bronze lesions 
Stem - branch dieback 

Stem-branch dieback 

Dieback of the shoots and 
small cankers on stems 

Branches and shoot 
dieback 
Dieback of stems 
and seedlings 

Shoot dieback on 
seedlings under 
water stress 
Lateral shoot 
dieback 
Lateral shoot 
dieback 

Rosellinia necatrix 

Rhytisma acerinum 
Uncinula aceris 
Mycosphaerella 
maculijormis 
Oidium 

Xanthomonas campestris 
pv . Juglandis 

Marssonina brunnea 

Microsphaera 
alphitoides 
Phyllosticta 
Lophodermium 
seditiosum 

Botrytis cinerea 
Cercospora sp. 

Dothichiza populea 
Phomopsis polloide 
P.  tyrrenica 
Cytospora chrisosperma 

Diplodia sp. 

Pestalotia sp. 
Phomopsis sp. 
Seiridium cardinale 
Lachnellula willkommi 

Herpotrichia 
juniperi 
Cronartium 
flaccidum 
Melampsora pinitorqua 
Sphaeropsis sapinea 
(Diplodia pinea) 

Sclerophoma 
pithyophila 
Brunchorstia pinea 

6-25 

4 

31 

6-15 

6-22 

6 7  

1-6 

6 
22 

6-25 
6-18 

6 
6 
6 
6 

23 

22 
22 
22 
22 

24 

22 

22 
6 

2 
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The species of cypress most susceptible to the dis- 
ease are Cupressus macrocarpa, C. pygmaea, C. 
abramsiana, C. goveniana, the common or Italian cy- 
press (C. sempervirens) and C. arizonica. The most 
resistant species are the smooth cypresses (C. glabra), 
C. funebris, C. torulosa and C. bakeri. Other omamen- 
tal Cupressaceae which have become infected in the 
nursery with varying amounts of damage include Thuja 
orientalis,  T .  orientalis ‘pyramidalis aurea’, 
Cupressocyparis leylandii, Juniperus communis, and J .  
communis ‘Hibemica’. 

Cankers may occur anywhere on the stem or branches. 
A characteristic symptom is resin flow from the affected 
area. Subsequently this area becomes sunken and tends 
to spread lengthwise along the stem or branch. As the 
bark dies it becomes bronze-colored and the canker 
forms. Under favorable conditions conidia-containing 
pustules (acervuli) form. Dissemination of the fungus is 
through dispersal of the conidia by rain, wind, the insect 
vector Phloeosinus aubei, and birds. 

When detected early enough, control can be achieved 
by sanitizing infected nursery seedlings and large trees 
growing in the area around the nursery. Chemical 
control is economically feasible andconsists in spraying 
with benomyl (100 g/lOO L) and methyl thyophanate 
(120 g/100 L), twice in the spring and once in autumn. 
In 1975, a resistance breeding program against cypress 
canker was started at our establishment. The program 
was financed by the national research council of Italy 
and the European Economic Community. The results 
have been very good and five resistant clones suitable 
for omamental plantings have already been patented 
and made commercially available. We are continuing 
work on identifying individuals with high general com- 
bining ability (GCA) that can be used to establish clonal 
seed orchards for seedling production for afforestation. 

Diseases of pine seedlings 
Pine twist rust 

Pine twist rust, caused by Melampsora pinitorqua, 
sometimes occurs on pine seedlings. This fungus at- 
tacks young 2-needle pines growing near trembling 
aspen (Populus tremula). This disease reaches epi- 
demic levels when conditions are favorable, as during 
cold wet springs. Uredial and telial stages of the rust 
occur on Populus alba and Populus canescens, in sum- 
mer and autumn, and the following spring the pycnial- 
aecial stages are produced which lead to infection of 
pine shoots at flushing. The first sign of disease appears 
on the new shoots in May or June as yellowish-orange 
spots which break open, liberating masses of powdery 
aecioconidia. The disease is most damaging when it 
occurs during the first growing season, in which case 

seedling mortality is certain. Seedlings attacked after 
the first year of growth are not usually killed but 
growing shoots are badly deformed, Le., they are bent 
into an S-shape, or dieback of the smaller branches may 
occur. The latter delays seedling growth. The rust is 
most prominent in nurseries near natural stands of 
trembling aspen (in the Appennine regions, Tuscany, 
and Liguria). There the most susceptible pines are P. 
sylvestris, P. pinaster, P. pinea and P. halepensis. Pinus 
nigra var. austriaca and P. nigra var. calabrica are only 
susceptible as very young seedlings. 

Removing diseased trembling aspen, by cutting or 
with silvicides, before telia form reduces overwintering 
inoculum so infection of pine seedlings does not occur 
the following spring. This practice must be repeated 
each year for the first 4-5 years of seedling growth 
(when seedlings are particularly susceptible) until they 
reach a height of 2 m. Spraying in April or May with 2- 
3% captan or with Bayleton also controls the disease. 

Blister rust of 2-needle pines 

This disease, Cronartiumjlaccidum, is especially preva- 
lent in central and southem Europe. The rust is hetero- 
ecious with stages 0 and I on Pinus sylvestris, P. 
nigricans, P. laricio, P. montana, P. pinaster, P. pinea, 
P. halepensis, and stages I1 and I11 on various herba- 
ceous perennials such as white swallow wort 
(Vincetoxicum), Peonia, or Gentiana. In Italy, the most 
common species of Cronartium is C. jlaccidum f. sp., 
whose altemate host is V .  hirundinaria. Telia form on 
the abaxial surface of altemate host leaves during sum- 
mer and autumn. Telioconidia germinate soon after 
formation, and the basidiospores result in infection of 
young pine needles. Mycelium of the fungus penetrates 
needle tissues and then moves into the bark and the 
wood, developing especially along the parenchymatic 
rays and concentrating in the phloem. One or often 2 
years after penetration, pycnidia develop under the 
peridermof the infected twig, which has become slightly 
thickened. Pycnidia produce characteristic drops of 
viscous translucent liquid containing the spermatia. 
The following spring, several conspicuously yellow 
aecial blisters erupt. At maturity these blisters break 
open along their margins, releasing clouds of conidia 
which infect Vincetoxicum. 

In the nursery damage from this rust is considerable 
even though the disease occurs in cycles. Hosts (in 
decreasing order of damage) are: P. pinea, P. pinaster, 
P. laricio, P. halepensis, P. nigricans and P. sylvestris. 
The disease is most prevalent in nurseries where 
Vincetoxicum hirundinaria thrives nearby, especially 
in sandy sea shore habitats with calcareous soils. 
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Seedlings become more resistant to blister rust with 
age. Since it is difficult to recognize infected 1-0 and 2- 
0 seedlings, there is the risk of disseminating the disease 
to new areas on infected stock. 

Control is achieved by eradicating Vincetoxicum 
around the nursery and by culling diseased seedlings. 
Work on the genetic improvement of this tree has 
revealed that, for the populations tested, P. pinea does 
not vary in its susceptibility; however, since resistance 
exists in P.  pinaster, it has been possible to select and 
breed resistant individuals with mechanisms of resis- 
tance in the needles and in the stems. 

Diseases of chestnut seedlings 
Root rot can affect seedlings of several broadleaf spe- 
cies, causing them to wilt and die. Here we describe the 
symptomatology of Phytophthora cambivora and P .  
cinnamomi on chestnut. These fungi can attack seed- 
lings at any age. Initial damage usually occurs at or just 
below the groundline, but also on fine roots. The fungus 
then ramifies throughout the root tissues, killing them. 
Infection is favored by wet soil, and P. cambivora and 
P. cinnamomi oospores can survive for up to 10 years in 
wet soil. While P. cambivora attacks only chestnut and 
walnut, the host range of P. cinnamomi includes numer- 
ous conifers and broadleaves, including agriculturally 
important hosts. 

Prevention is the only control measure and consists 
of not growing chestnut in poorly drained soils. Spray- 
ing with Fosetyl and Furolaxyl, which is effective 
against Phytophthora cactorum on garden and oma- 
mental trees, does not protect chestnut seedlings against 
P. cambivora or P. cinnamoni. 

After seedlings are a few years old, shoot pathogens 
may appear. One such fungus is Mycosphaerella 
maculiformis which damages chestnut seedlings. 
Mycosphaerella maculiformis causes numerous necrotic 
spots on the leaves but it can also affect shoots, leaf 
petioles, and flowerpeduncles. Infection becomes most 
evident at the end of the growing season, though the first 
signs can be clearly seen in spring. In rainy summers the 
disease spreads rapidly, resulting in premature defolia- 
tion. Mycosphaerella maculiformis is effectively con- 
trolled with fungicides. 

Powdery mildew of oak 

Powdery mildew, Microsphaera alphitoides, is an impor- 
tant disease of nursery-grown oaks. This pathogen, 
which probably originated in America, was first re- 
ported in Italy in 1908 (Marchetti and D'Aurelio 1980). 
Powdery mildew occurs in spring and summer, espe- 
cially during rainy, wet weather. Affected leaves which 
are covered with white mycelium become deformed 

with various amounts of dieback. Premature defolia- 
tion and reduced growth characterize the disease on 
seedlings both in the nursery and after transplanting. 
The disease is common in nurseries in central and 
northem Italy where it particularly affects Quercus 
robur, Q. petraea, and Q. pubescens and in more 
southerly nurseries it occurs on Q.pubescens, Q. cerris, 
and Q. suber. 

Microsphaera alphitoides can be controlled with 
sprays containing colloidal or wettable sulphur or with 
dinocap or benomyl. Most sterol biosynthesis inhibi- 
tors, i.e. fusilazone triadimenol and mycobutanyl, ap- 
plied three times a week, provide effective protection of 
seedlings (Anselmi and Nicolotti 1990). 

Marssonina foliar blight of poplar 
This disease, Marssonina brunnea, has become wide- 
spread in Italy since 1963 where it causes an economi- 
cally important leaf blight of poplar (Cellerino 1972; 
Cellerino et al. 1987). On the most susceptible poplar 
clones, Marssonina brunnea results in serious defolia- 
tion, starting in the lowermost crown and progressing 
upward. However, the first symptoms, in spring, are 
necrotic spots on the leaves. These spots become 
progressively larger until the leaf dies and falls off. 
Seedling growth is reduced. During the growing season 
the pathogen fruits around the necrotic areas on the 
leaves. The disease is fairly common in the Po Valley 
and it also occurs in inland valleys in the Italian penin- 
sula, in south Italy, and in Sardinia. Long hot summers 
hinder disease spread. 

Spraying with Maneb or Mancozeb at the first sign 
of infection early in the growing season effectively 
controls the disease. Very good results have been 
obtained in the Italian genetic improvement program 
for poplar. 

Other diseases 

In southern Italian nurseries, damping-off affects con- 
tainerized seedlings of Pinus halepensis, P. pinaster, 
Cupressus macrocarpa, and Thuja orientalis. The 
fungi most frequently isolated from the seedlings were 
Fusarium solani,  Rhizoctonia solani,  and 
Cylindrocarpon destructans (Frisullo et al. 1984). 
Pythium spp. and Rhizoctonia cause severe damage on 
seedlings of P. nigra and Fusarium spp. (mostly F .  
oxysporum) damage P. radiata, P. brutia, P. canariensis, 
and Cedrus spp. (Magnani 1972, 1975). Pythium- 
caused losses occur in soils with a pH greater than 6, and 
Rhizoctonia-caused diseases are present in areas where 
the temperature exceeds 24"C, pH is below 6, and the 
relative humidity is 30-50%. Control of damping-off is 
based mainly on physical and chemical soil treatments. 
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Some attempt has been made to use biological control 
(Turchetti 1979). 

Pinus pinea and P. radiata growing in the Mediter- 
ranean region sometimes suffer terminal bud die-back 
(Sphaeropsis sapinea = Diplodiapinea). The disease is 
especially common if spring drought occurs before and 
during shoot growth. Usually only lateral buds are 
affected and affected seedlings survive but affected 
seedlings must be culled and cannot be outplanted in 
plantations. 

Regarding broadleaves, eucalyptus (which is of 
some economic importance) sometimes becomes in- 
fected in the nursery with certain weak parasites such as 
Cercospora eucalypti and Botrytis cinerea; these para- 
sites can cause losses when seedlings are under weather- 
related stress (e.g. cold winds). During wet weather or 
in the greenhouse, eucalyptus seedlings are sometimes 
attacked by Oidium, which causes extensive defolia- 
tion. 

Table 2. Insect pests of Italian forest nurseries. 

INSECT ORDER 
Family 

Nature and location of damage 

Species 

Recently, water and nutrient deficiencies, both 
chronic and acute, have occurred as the result of natural 
and man-made toxins. 

Insect pests in Italian forest nurseries 

There are numerous harmful insects in Italian seedling 
nurseries (Table 2) and they vary both taxonomically 
and with respect to their hosts. These insects can be 
divided into three groups: (i) insects that live, reproduce 
and die in the nursery, (ii) insects that frequent the 
nursery only at certain periods in their life cycle (usually 
because they are attracted by the abundant supply of 
food), and (iii) insects that visit the nursery only irregu- 
larly and fortuitously. Animals (including insects) are 
a potential problem in the nursery from the time of seed 
sowing, while insects in the orders Hymenoptera and 
Formicidae (typical seed-eaters) and vertebrates such 
as birds and rodents can cause significant losses. Both 

Insect stage Time of Damage Refer- 
producing damage rating ences 
damage 

ORTHOPTERA Browses on roots of various 
Gryllotalpidae herbaceous plants and trees. 

Gry llotalpa Prefers light, cultivated, deep 
gryllotalpa L. soils with a rich humus layer. 

RHYNCHOTA Puncture-feeding on needles, 
(Suborder causes deformation and wilting, 
HOMOPTERA) defoliation often follows. 
Cercopidae On Pinaceae and Cupressaceae, 

Haematoloma especially in nurseries near 
dorsatum (Arh.) uncultivated land with grasses. 

Telaxidae 
Mindarus Puncture-feeding on needles, which 
abietinus Koch bend upwards; frequently wilting of 

shoot. Prevalent in nurseries near 
adult trees. Holocyclic on fir. 

Callaphididae Colonies on leaves, particularly the 
Phyllaphis fagi L. underside. Whitish waxy secretions 

cover the leaves. This sucking insect 
causes leaf roll, leaf shedding, and 
shoot wilting. Damage also caused by 
the abundant honey-dew. Holocyclic 
on beech. 

Larvae and 
adults 
1 day-1 year 

Adult 
1 day-1 year 

various 
stages 

Various 
stages 

Spring- *** 
autumn 

Spring - ** 10 
early 
summer 

Spring * 

Spring- ** 5 
early 
summer 
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Table 2. continued 

INSECT ORDER Nature and location of damage Insect stage Time of Damage Refer- 
Family producing damage rating ences 

Species damage 

Diphillaphis 
mordwilkoi 
(kbg.1 

Adelgidae 
Eopineus 
strobus (Htg.) 
Pineus pini 

Gyllettella 
coweni (Gill.) 

(Macq.1 

Sacchiphantes 
viridis (Ratz.) 

Sacchiphantes 
abietis L. 

LEPIDOPTERA 
Tortricidae 

Rhyacionia 
buoliana 
(Den. et Schiff.) 

Argyrotaenia 
pulchellana 
Ww.1 

Noctuidae 
Agrotis segetum 
(Den. et Schiff.) 

DIPTERA 
Bibionidae 

Bibio spp. 

Colonies on lower leaves; leaves 
covered with whitish waxy secretions. 
Leaves become yellow and wither. 
The damage begins with spots, these 
enlarge until entire leaf surface is 
covered. Holocyclic on oak. 

Colonies along stem and branches. 
Anholocyclic on P .  strobus 

Colonies on shoots and twigs and along 
stem. Anholocyclic on pines. 
Attacks needles. Recognized by the 
white waxy filaments with which 
individual insects progressively cover 
themselves during development. The 
sucking insects cause yellowing 
followed by leaf fall, plus shoot 
decline. Anholocyclic on Douglasia. 
Gall formation on buds on the lateral 
and main shoots of Norway spruce 
seedlings. S. viridis alternates 
between spruce and larch while 
S. abietis is anholocyclic on spruce. 

Tunnels in buds and shoots resulting 
in visible deformation of the branches 
and main stem of pine seedlings 

Browses on leaves which are webbed 
together with silk from larvae. 
Polyphagous on forest and agricultural 
broadleaves. 

Young larvae browse on leaves; then 
browsing on the stalk and stem and in 
the root collar and upper root system 
area. Polyphagous. 

Attacks roots, rhizomes and tubers. 
Damage may become serious in rich 
organic soils. Polyphagous. 

various Summer- 
stages early 

autumn 

various Spring- 
stages summer 

Various Spring 
stages 
Various Spring- 
stages summer 

Fondatrix and Spring 
Fondatrigeniae 

Pseudofondatrix Spring- 
summer 

Larva Summer- 
1 day-1 year autumn 

and 
spring 

Larva Spring- 
1-3 days- 1 year autumn 

Larva Spring- 
1-3 days- autumn 
1 year 

Larva Spring 
1 day-1 year 

* 

** 

** 

*** 

** 

*** 

** 

* 

** 

* 

3 

9 

9 

8 

29-32 

5 

12 

14 



Table 2. continued 

INSECT ORDER Nature and location of damage Insect stage Time of Damage Refer- 
Family producing damage rating ences 

Species damage 

Tipulidae 
Tipula spp. 

COLEOPTERA 
Scarabeidae 

Melolontha 
melolontha L 
Melolontha 
hippocastani F .  

Polyphylla 
full0 L. 

Elateridae 
Agriotes spp. 

Browses on the roots and root collar; 
occasionally on the leaves. Common 
in humid, rich organic soils. 
Polyphagous. 

Larva 
1-2 days- 
1 year 

Browses on the roots at various levels. 
Prefers humid rich organic soils. 

Larva and 
adult, 

Browses also on buds and leaves. 
Polyphagous on conifers and broadleafs. 
Attacks roots of various trees and 
needles of pine. Common in nurseries 
located near pine woods, especially 
those growing near sandy soils. 

1 day-3 years. 

Larva and 
adult 

Attacks roots and root collar of Larva 
herbaceous plants and many young trees. 1 day-3-4 years. 

Curculionidae 
Otiorrhynchus spp.Browses on roots of many conifers and 

broadleaves. Also attacks leaves. 

Phyllobius Damages roots and foliar browsing that 
is more or less regular in shape on 
many plants. 
Same as above more frequent in 
nurseries in forest areas. 
Polyphagous. 

Strophosomus Browses on buds, leaves and green bark 
melanogrammus of shoots or stems. Polyphagous. 
Forst 
Cleonus alternans Browses especially on conifer roots. 
Hbst. Does not damage broadleaves. 
Pissodes 
notatus F. 
Hylobius 
abietis L. 

Polydrosus 

Rounded browsing marks on earliest 
bark of the stem and branches of pine. 
Irregular rounded browsing marks on 
the green bark of young conifer and 
also broadleaf seedlings. Especially 
threatens nurseries located near old 
spruce and pine woods, where the 
larvae colonize the stumps. 

HYMENOPTERA 
C ynipidae Gall formation on leaves, buds, etc., 

especially on oaks. 

Larva and 
adult, 
1 day-1 year. 
Larva and 
adult, 
1 day-1 year. 
Larva and 
adult, 
1 day-1 year. 
Adult 
1 day-1 year 

Adult 
1 day-1 year. 
Adult 
1 day-1 year. 
Adult 
1 day-1 year 

Larva 

Spring- 
early 
autumn 

Spring- 
autumn 

Spring- 
autumn 

Spring- 
autumn 

Spring- 
summer 

Spring- 
summer 

Spring- 
summer 

Spring and 
autumn 

Spring- 
summer 
Spring and 
autumn 
Summer- 
autumn and 
spring 

** 

*** 

** 

*** 

*** 

* 

* 

** 

* 

* 

** 

Summer and * 
autumn 

5 

5 

27 

27 
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young and older seedlings suffer fromthese pests (Magini 
1979; Santini 1983; Del Favero and Masutti 1974). 

The nurseryman must know the particular feeding 
habits and life cycles of insect pests if his control 
measures are to succeed. Special attention has been 
paid to insects that attack seedlings below or near the 
groundline. 

Some of the species listed in Table 2 are harmful 
mainly at certain stages of their life cycle, others cause 
damage at all stages both below and at ground level. 
Nursery stock must therefore be carefully protected, 
using all appropriate methods (e.g., cultural, mechani- 
cal, physical, chemical, biotechnical, and biological) 
either singly or, if need be, in combination. In this way 
seedings will be free of insects and less likely to have 
problems with disease once they are transplanted to 
forests or to ornamental or recreational plantings. This 
is very important because when such problems appear 
at that time they are often much more difficult and 
sometimes impossible to solve. 

Before describing ways of managing insect pests, 
some words are in order about prevention, which is 

always important. Prevention means following appro- 
priate cultural practices, carefully monitoring seedlings 
and seedling health, and culling all seedlings that lack 
vigor or that are deficient. Seedlings should also be 
covered with nets to keep away rodents and birds and 
repellents can be used when appropriate (Magnini 1979; 
Santini 1983). 

When Formicidae infestations occur, the nests should 
be destroyed (Suss 1984). Measures to combat insects 
are often justified. Such measures are directed against 
either the early or adult stages of the insect, or both. 
Organic chlorine-based insecticides and many fumi- 
gants are no longer used because of their undesirable 
side-effects. For treatment of seedling shoots these 
materials have been replaced by organic phosphate and 
carbamate sprays. Moreover, it is best to always use the 
least persistent and most specific spray that is effective. 
Because of environmental concerns, control of nursery 
and other insects depends increasingly upon biological 
and microbiological controls, entomophagous insects, 
and nematodes and fungi (Lozzia 1983, Deseo et al. 
1985). 
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Abstract 
Several diseases and insects damage forest nursery seedlings in ShimanePrefecture, Japan. Soil-borne diseases such 
as damping-off, root-rot of transplanted seedlings, charcoal rot, Webb blight, and nematode diseases are serious 
problems. Needle diseases such as Cercospora needle blight of Pinus and Cryptomeria and Pestalotiu needle blight 
of Chamaecyparis are also prevalent. White grubs and the false melon beetle are the main insect pests in nurseries. 
The first step in the control of these diseases and insects is to improve the environmental conditions in the nursery 
and remove the source of inoculum or insects. Application of various chemicals provides effective control. 

Resume 
Plusieurs maladies et insectes attaquent les semis des pCpinibres forestiCres situkes dans la prtfecture de Shimane, 
au Japon. Les maladies dorigine pCdologique, notamment la fonte et le pourridiC, la pourriture noire et les maladies 
causCes par les nematodes, sont des pathologies graves. Les maladies des aiguilles, notamment le Cercospora des 
genres Pinus et Cryptomeria et la briilure des aiguilles Pestalotiu de Chamaecyparis, sont aussi trks rtpandues. Les 
scarab6es et les fausse scolytes du melon sont les principaux insectes nuisibles des pkpinikres. La premikre Ctape 
dun programme de lutte contre ces maladies et ces insectes est l'amklioration des conditions ambiantes et 
1'Climination des inoculats ou insectes en cause. L'utilisation de divers produits chimiques est un moyen de lutte 
efficace. 

Introduction 
Shimane Prefecture is in the northwestern part of the 
mainland of the Japanese Archipelago, and the long 
northern boundary faces the Japan Sea. The prefecture 
contains 663 000 ha and 80% of it is covered with 
forests. Four species of conifers, Pinus densifora Sieb. 
et Zucc., P. thunbergii Parl., Cryptomeria japonica D. 
Don, and Chamaecyparis obtusa Endl., are the impor- 
tant forest species and as such they are grown in nurs- 
eries and used for reforestation. 

In 1988,250 nurseries produced seedlings and cul- 
tivated cuttings. The total area of nurseries was 40 ha, 
and 7 700 000 seedlings and cultivated cuttings were 
produced for reforestation. Seventy percent of the 
seedlings were Chamaecyparis seedlings and 30% were 
Cryptomeria seedlings and cultivated cuttings. Until 15 
years ago, Pinus was the main tree species for refores- 
tation. Since then, however, pines have not been planted 
because of the risk of pine wilt disease caused by the 
pinewood nematode, Bursaphelenchus xylophilus (Stein 
et Buhr.) Nick., resulting in a drastic reduction of Pinus 
seedling production. 

Various kinds of diseases and insects have been 
recorded in nurseries in Shimane Prefecture. Some of 
them are a major impediment to the production of 
nursery stock (Suto 1974, 1984). This paper describes 
the main diseases and insects in nurseries and practical 
measures for their control. 

Forest nursery diseases and their control 
Several soil-borne diseases, damping-off, root rot of 
transplanted seedlings, charcoal rot, Webb blight, and 
nematode diseases, are serious problems of various tree 
species. Needle diseases also occur extensively, the 
main ones being Cercospora needle blight of Pinus, and 
Cryptomeria,  and Pestalotia needle blight of 
Chumaecyparis . 

Damping-off 
Damping-off is a common problem in seedbeds of all 
the conifers. Pre-emergence damping-off decreases 
emergence while post-emergence damping-off causes 
high mortality of seedlings during May and June. Root 
rot affects seedlings after June, and occasionally kills 
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them. The roots frequently rot partially, and the shoots 
are stunted and needles become yellow or purple. Top 
rot and foot rot are seldom observed. 

Six species of fungi have been isolated from the 
affected seedlings: Rhizoctonia solani Kiihn, Fusarium 
oxysporum Schlechtendahl, F. roseum Link, F. solani 
(Martius) Appel et Wollenweber, Cylindrocladium 
scoparium Morgan and Cylindrocarpon sp. Among 
them, Rhizoctonia solani Kuhn and Fusarium spp. (F .  
oxysporum Schlecht., F.  roseum Link, and F. solani 
(Mart.) App. et Woll.) are the main pathogens. Rhizoc- 
tonia solani affects seedlings in May and June if bed 
soils are excessively wet. Fusarium spp. affect seed- 
lings throughout the growing season whether soils are 
wet or dry. 

The first step in the control of this disease is to 
improve nursery conditions. Some practical measures 
are: (1) adjust the pH of the nursery soil to 5.0 to 5.5; (2) 
sow seeds in mid-April, which is the best time for 
germination; (3) remove rice straw (the covering mate- 
rial over the seedbeds) gradually after seedling emer- 
gence; (4) thin seedlings to avoid overcrowding; and ( 5 )  
apply sufficient phosphorus and potassium fertilizer 
and avoid excessive nitrogenous fertilization. 

Thiram and a mixture of thiram and thiophanate- 
methyl are used as seed disinfectants. Seeds are either 
dusted or immersed in an emulsion of the fungicide. 
Metam-ammonium, a dithiocarbamate soil fumigant, is 
an effective disinfectant of soil in seed-beds. The 
efficacy of the fumigant has been demonstrated not only 
on fungi, but also on nematodes, soil insects, and weed 
seeds and roots. Accordingly, soil fumigation is recom- 
mended as an economical practice for seedbeds. Drench- 
ing the soil with hydroxyisoxazol, a soil disinfectant 
that is specific against Fusarium, effectively controls 
disease after seedling emergence. This chemical should 
be applied at the initial stage of post-emergence damp- 
ing-off. 

‘ 

Root rot of transplants 

Root rot of transplanted 2- and 3-year-old seedlings 
becomes more severe if 1 - and 2-year-old seedlings 
slightly affected by the same disease are transplanted. 
Seedling growth is greatly suppressed, and shoots be- 
come yellow or purple. Occasionally the entire seedling 
wilts and dies. These symptoms are indicative of a root 
problem. Affected roots become dark, and the bark can 
be stripped away easily. Fusarium spp. are the main 
root rot pathogens. 

It is important to prevent root rot of 1-year-old 
seedlings in seedbeds. Seedlings with heavily rotted 
roots should not be transplanted, even if the shoots 
appear healthy. 

Charcoal rot 

Charcoal rot, caused by Macrophomina phaseolina 
(Tassi) Goid. occurs in dry, hot summers. It frequently 
is fatal to nursery stock. Two- and three-year-old 
seedlings of Cryptomeria and Chamaecyparis are se- 
verely affected; damage is less severe on 1-year-old 
seedlings, because nurseries routinely shade the seed- 
beds. Cryptomeria cuttings are also severely affected. 
Pine is affected only in the seedbeds, which are gener- 
ally not shaded. 

Nursery seedlings were damaged severely by this 
disease in August of 1964,1967,1969,1973,1975, and 
1984. In July and August of these years, prolonged dry 
conditions and high temperatures accelerated the occur- 
rence of this disease. The disease occurred not only in 
nurseries with sandy soil but also in those with clay 
loam. 

To control charcoal rot, nursery seedbeds should be 
heavily watered, and shaded to prevent drought and 
high temperature stress. Excessive applications of 
nitrogenous fertilizer should be avoided, as this results 
in succulent tissues which are more susceptible to the 
disease. Soil fumigation with metam-ammonium is 
recommended to control charcoal rot in nurseries where 
it occurs every year. 

Webb blight 

Webb blight caused by Thanatephorus cucumeris 
(Frank) Donk mainly occurs in overcrowded seedbeds 
where there are more than 800 seedlings per m2 
Chamaecyparis seedlings are most severely affected, 
but all coniferous seedlings are affected to some degree. 

The disease breaks out in the rainy season, “Tsuyu”, 
during mid-June and mid-July. The problem occurs in 
patches which are roughly circular, and occasionally 
spreads to all the seedlings in the seedbeds. Almost all 
affected seedlings are killed. 

An outbreak of this disease was recorded in many 
nurseries in July of 1965, and in late July toearly August 
of 1975. The disease suddenly spread when tempera- 
ture increased immediately after continuous and exces- 
sive rainfall. The disease mainly occurred in seedbeds 
with a clay loam soil. 

To prevent excessively wet conditions in nurseries, 
seedbed shades are taken off in the rainy season, and the 
ditches between beds are made deeper. Seedlings 
should be thinned to a density of 500 to 700 per m2. 
Baridamycin, an antibiotic fungicide, is recommended 
as a treatment for seedlings and for the soil surface of the 
seedbed when the disease begins to spread. Regular 
applications of copper fungicides are also effective in 
preventing infection. 
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Nematode diseases 

The following 12 species of plant parasitic nematodes 
were obtained from soil or seedling roots in a survey of 
forest nurseries (Yamada and Suto 1966; Suto 1977; 
Suto et al. 1983): Pratylenchus penetrans (Cobb) 
Chitwood & Oteifa, Tylenchorhynchus claytoni Steiner, 
T. sp., Trichodorus cedrus Yokoo, T. sp., Helicotylenchus 
dihystera (Cobb) Sher, H.  sp., RotylenchuspiniMamiya, 
Xiphinema americanum Cobb, and one species each of 
Criconemoides, Paratylenchus, and Hirshmanniella. 
Among them, Pratylenchuspenetrans (Cobb) Chit. and 
Otei., the root lesion nematode, and Tylenchorhynchus 
claytoni Stein, the stunt nematode, were the main patho- 
genic nematodes; they were distributed widely, oc- 
curred at high levels in soil or roots, and caused definite 
symptoms. 

The following combinations of pathogenic nema- 
todes and hosts normally occur in seedbeds. Large 
numbers of P. penetrans occur in roots of Cryptomeria 
and Chamaecyparis seedlings, and T. claytoni severely 
affects P. densiflora as well as Cryptomeria and 
Chamaecyparis. The nematodes feed on the newly 
developing roots resulting in a root system that is 
stunted and forked. 

Shoot growth is severely affected, and needles turn 
yellow or purple. Seedlings affected by nematodes are 
also attacked by Fusarium and occasionally die. 

Crop rotation is recommended for control of nema- 
tode diseases, but it is actually impractical, because 
nursery area is limited and the present level of seedling 
production must be maintained. Nonetheless, nurseries 
severely affected by these diseases should not be used 
for seedling production. Soil fumigation with metam- 
ammonium results in excellent nematode control. It is 
important to reduce the nematode populations when the 
seedlings are young, particularly until early August 
(Suto 1973). 

Cercospora needle blight of pines 

Cercospora needle blight of Pinus caused by Cercospora 
pini-dens$ora Hori et Nambu became a serious prob- 
lem in the 1960s and 1970s, when many pine seedlings 
were grown in nurseries. This disease spread to the 
coastal regions of the prefecture and affected seedlings 
of P. thunbergii and, to a lesser degree, seedlings of P. 
densifova. Usually, 1 - and 2-year-old nursery seed- 
lings are infected, but this disease does not occur in 
forests. Cercospora needle blight causes significant 
needle blight and occasionally kills seedlings. 

The causal fungus overwinters as hyphae within 
diseased needles and as latent infection within appar- 
ently healthy needles. New conidia form on the lesions 
from late April and are the source of the primary 

inoculum. Conidia production continues until early 
December. The optimum dispersal periods for produc- 
tion of conidia is middle to late June through early July, 
and again in early August and late October. Rain is 
important in conidia dispersal (Suto 1982). 

Diseased 1-year-old seedlings should not be trans- 
planted, even if the disease is minor. Copper fungicides 
are recommended for control of the disease on pine 
seedlings. However, the fungicide occasionally dam- 
ages P. densiflora seedlings. Disease control experi- 
ments showed that maneb and benomyl were as effec- 
tive as copper fungicides. Both of these fungicides 
should be applied fortnightly, Le., 10 times during the 
growing season. The amount of maneb in the spray can 
be reduced by adding stickers (polyvinyl alcohol or 
Paraffin). Using maneb with the stickers at monthly 
intervals, or about five times during the growing season, 
is as effective as spraying more often with a wettable 
spreader (Suto 1982). 

Cercospora needle blight of Cryptomeria 

Cercospora needle blight of C. japonica caused by 
Cercospora sequoiae Ell. et Ev. is widely distributed in 
the prefecture. In the 1980s the importance of the 
disease decreased dramatically. There are two reasons 
for this decline. Firstly, cultivated cuttings which are 
resistant to the pathogen have increased in popularity 
over seedlings which are more susceptible. Also, chemi- 
cal control has been effective in most nurseries. This 
disease causes severe blight of seedlings in nurseries 
where no chemical control is practiced. Needles, lateral 
branches, and main stems are affected. Stem lesions 
enlarge gradually each year and develop perennial 
cankers on the bole of mature trees. Thus, even slightly 
affected seedlings cannot be used for outplanting. 

The pathogen overwinters within lesions as hyphae. 
Conidia form on lesions from early April onward and 
serve as the source of the primary infection. Conidia 
continue to be produced through early December. The 
optimum periods for conidia dispersal are late July and 
late October. Conidia are released from the fruiting 
bodies when raindrops hit them (Suto 1975). 

Affected seedlings (including those that are only 
slightly affected) should be rogued and burned rather 
than transplanted. The disease can be largely prevented 
by spraying Bordeaux mixture or maneb about 10 times 
at 2-week intervals. As in the case of Cercospora needle 
blight of pine, the frequency of spraying can be reduced 
to about five times per growing season by adding 
polyvinyl alcohol to a dilute emulsion of maneb (Suto 
1976). 
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Pestalotia needle blight of Chamaecyparis 

Although Pestalotia needle blight occurs on seedlings 
of all coniferous species, Chamaecyparis are most 
severely affected. Since the early 1980s production of 
Chamaecyparis seedlings has increased and this dis- 
ease has become a serious problem in nurseries. Af- 
fected seedlings cannot be used for outplanting, and 1- 
year-old seedlings are occasionally killed. 

Three species of Pestalotiopsis, Le., P. microspora 
Speg., P. foedans (Sacc. et Ell.) Stey., and P. glandicola 
(Cast.) Stey., are the causal fungi. Inoculation experi- 
ments showed that wounds are necessary for disease 
development. Field observations indicate that the dis- 
ease starts on seedlings wounded by strong wind or 
during transport, or in seedlings injured by insects. 
Severe damage by this disease was recorded in 
Chamaecyparis and Cryptomeria nurseries in various 
regions after two typhoons occurred in August of 197 1. 

Copper fungicides such as Bordeaux mixture are 
used to prevent this disease; control experiments re- 
vealed that they were not effective. Benomyl and 
thiophanate-methyl, both systemic fungicides, were 
quite effective, even if sprayed a few days after inocu- 
lation, and they showed a good curative effect (Suto and 
Kanamori 1988). Nurserymen should apply these fun- 
gicides immediately after seedlings are wounded. 

. 

Forest nursery insects and their control 
White grubs are the most serious insect pests in forest 
nurseries. Also, Chamaecyparis seedlings are heavily 
damaged by the feeding of the false melon beetle. 

White grubs 

Anomala rufocuprea Mot. is the most common and 
destructive white grub (root feeder) in nursery beds. 
Anomala cuprea Hope is also a serious problem. Both 
insects feed on the bark of roots and rootlets, suppress- 
ing shoot growth. Affected seedlings occasionally wilt 
and die. Although the insects attack all species of 
coniferous seedlings, mortality of Chamaecyparis seed- 
lings is high because the injured roots of this species do 
not regenerate well. 

Anomala rufocuprea completes one generation per 
year (Figure 1). Larvae overwinter in the soil at a depth 
of more than 30 cm. The following spring they move 
upward and attack seedling roots through mid-July . 
Pupation occurs from mid-June. Adults emerge from 
the soil from late June and feed on leaves of broadleaf 
trees such as Quercus acutissima Carr. and Castanea 
crenata Sieb. et Zucc., and lianas such as Kuzu vine, 
Pueria lobata (Willd.) Ohwi. They then oviposit in the 
soil beginning in July, and the resulting larvae attack 
seedling roots from mid-July through late October. The 
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life cycle ofA. cuprea is similar to that ofA. rufocuprea. 
June beetles (adults of white grubs) are attracted to 

decaying organic material where they oviposit. To 
prevent such attraction, only completely decomposed 
farmyard manure should be applied to nursery beds. 

Chemical control of white grubs is an essential 
practice at every nursery. There are two recommended 
times for applying the chemical to seedbed soil. The 
first is when the beds are made. At this time chemicals 
are applied to kill overwintered larvae. Dust or micro- 
granules of Diazinon, granules of Fenthion, or micro- 
granules of Prothiophos are worked into the seedbeds. 
Metam-ammonium and chloropicrin are the recom- 
mended fumigants. Chemicals can also be applied 
during July and August to kill young larvae. The 
seedbed soil is drenched with a dilute emulsion of 
Fenthion. Granules of Fenthion or micro-granules of 
Prothiophos are also worked into the soil between 
seedlings in transplant beds (Inoue et al. 1988). 
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The false melon beetle 

Previously, the false melon beetle, Atrachys menetriesi 
Fald., was not a pest in forest nurseries. Recently, 
however, Chamaecyparis seedlings in the prefecture 
have been damaged by this insect. Although the false 
melon beetle is polyphagous, adults feed on needles and 
branches of Chamaecyparis seedlings, suppressing their 
growth. Seedlings attacked by adults are occasionally 
attacked by a Pestalotiopsis fungus which enters the 
host through the insect feeding wound. 

Atrachys menetriesi completes one life cycle per 
year (Figure 2 )  and overwinters in the soil as eggs. The 

0 0 0  0 0 0  0 0  0 0  0 0  0 0 0  

0 Egg, - Larva, Pupa, + Adult 

Figure 1. Life cycle of Anomulu rufocuprea in Shimane Prefecture. 

I I I I -- /---I  I I I I I 

o Egg, - Larva, Pupa, t Adult 

Figure 2. Life cycle of Atrachys menetriesi in Shimane Prefecture. 
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eggs hatch from mid-May and larvae emerge from the Larvae have not been observed feeding on 
soil to feed on weeds and tree leaves. They then retum Chamaecyparis seedlings. The adults are thought to 
to the soil and pupate from early June. Adults emerge invade nurseries from nearby farmland. 
from the soil about early June and feed on plants Spraying once or twice with a dilute emulsion of 
including Chamaecyparis seedlings through early Sep- Fenitrothion at the initial stage of the feeding by adults 
tember. Eggs are oviposited in the soil from mid-June. is recommended. 
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Abstract 

New Zealand’s forest nurseries produce almost 50 million seedlings annually, approximately 94% of which are 
Pinus radiata. Of the diseases described only terminal crook disease (Colletotrichum acutatum), limited in 
distribution to the northem half of the North Island, has the potential to decimate nursery stock. Root diseases are 
limited to those nurseries with poor soil drainage. Many insects are found in nurseries, but only the onion thrip 
(Thrips tobacci) and tortricid caterpillars are regularly controlled by spraying. 

Resume 
Les pCpinikres forestibres de Nouvelle-ZClande produisent prks de 50 millions de semis par annCe, dont environ 94 % 
sont constituCs de Pinus radiata. De toutes les maladies dCcrites dans cette Ctude, seule la courbure de la pousse 
terminale (Colletrotrichum acutatum), circonscrite B la moitiC septentrionale de l’ile Nord, serait capable de dCcimer 
le stock produit dans les pCpinibres. Les maladies des racines sont circonscrites aux pCpinibres mal drainCes. Ces 
pCpinikres abritent de nombreux insectes, mais seul le thrips de l’oignon (Thrips tabaci) et les tomicidCs font l’objet 
de programmes de pulvCrisation systematiques. 

Introduction 
New Zealand has approximately one million hectares of 
exotic forest under cultivation, of which the dominant 
species is Pinus radiata. Some 3% of the forest is in 
Pseudotsuga menziesii and 2% in Eucalyptus spp. and 
there is a small percentage in a number of other species. 
At present, forest nurseries annually grow approxi- 
mately 45 million P .  radiata, 2.5 to 3 million Eucalyp- 
tus spp., and also seedlings of a variety of other minor 
species. The majority of the seedlings are bare rooted, 
but one of the large private forestry companies is 
currently producing almost half a million plants annu- 
ally using tissue culture methods. Increasing numbers 
of plants are being produced vegetatively, about 3.5 
million, but once rooted they are treated as bare rooted 
stock. The nurseries vary in size from a few to 50 ha and 
are spread over the length and breadth of New Zealand. 
Cultivation methods vary depending on the types of soil 
but all nurseries are advised to deep rip periodically to 
avoid the formation of a “plough-pan’’ which could 
impede drainage. Most nurseries use a New Zealand- 
produced precision seed sower for the P. radiata whilst 
the other species are generally sown using a Stanhay 
drill. Precision sowing reduces problems caused by 
overcrowding. Weeds are controlled by pre-emergent 

and post-emergent applications of herbicides; fertility 
is maintained by the use of artificial fertilizers. Soil 
sterilization is not routinely used by any forest nursery 
in New Zealand for either weed or disease control. The 
seedlings are conditioned for outplanting by under- 
cutting, wrenching, and lateral pruning. In the warmer 
areas some stock is topped if it becomes too large for the 
planters to handle. In most nurseries the stock is lifted 
by hand as 1/0 plants. 

Diseases in forest nurseries 
Dothistroma needle blight: Dothistroma phi  
Hulbary. 

This disease was first identified by Gilmour (1966) in 
the center of the North Island and is now present 
throughout the country, with the exception of the north- 
em tip of the North Island. The disease occurs on a wide 
range of pine species and can also infect Larix decidua, 
Picea sitchensis, and Pseudotsuga menziesii. The fun- 
gus attacks needles, ultimately causing their death. The 
disease is first found on the lower needles on a seedling; 
the early sign of infection is the presence of a red band. 
Small, irregularly shaped, black fruiting bodies appear 
in the red bands. The spores are spread in water droplets 
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and infection, which can take place at any time after 
seedling emergence, is favored by warm wet spells. 
Spores landing on the needle surface germinate and 
penetrate the needle via a stoma. Once in the needle, the 
hyphae grow a short distance through the tissue, liber- 
ating a red toxin called dothistromin. It is the toxin 
which kills the tissue. Fruiting bodies are produced 
soon after the appearance of the red band. The time 
interval between infection and the production of fruit- 
ing bodies depends on climatic conditions and can vary 
between 2 weeks and 6 months. Infected needles 
eventually die and ultimately drop off. The most 
common source of infection is older trees adjacent to the 
nursery, although needle fragments can also perform 
this role. If seedlings are retained in the nursery for a 
second year, disease levels often become very high if 
the seedlings are not sprayed regularly. Disease control 
is achieved by monthly applications of copper 
oxychloride (Jancarik 1969) which, together with the 
practice of good hygiene in the nursery and the removal 
of the sources of disease inoculum from the vicinity of 
the nursery, result in an extremely low incidence of the 
disease. Severely infected seedlings can become chlo- 
rotic and die, but the main purpose in controlling the 
disease in the nursery is to retard its build-up in the 
plantation. 

Terminal crook disease: Colletotrichum acutatum 
Simmonds f. sp. pinea Dingley & Gilmour. 

The causal agent was first identified by Dingley and 
Gilmour (1972) in a forest nursery near Auckland. The 
disease has spread and now infects P. radiata seedlings 
grown in most nurseries in the North Island but has 
never been found in planted stock. As well as Pinus 
radiata, P. contorta, P .  elliottii, P .  muricata, P .  nigra, 
and P. pinaster are all susceptible. 

The fungus attacks young needles in the terminal 
rosette and its development and spread are favored by 
periods of warm wet weather. The spore landing on the 
needle germinates and penetrates, and the hyphae grow 
in the needle towards the stem, killing a narrow strip of 
the stele. The dead tissue, because it is unable to 
expand, causes the growing point to bend over giving 
rise to the typical crozier-shaped malformation from 
which the disease gets its name. Under severe infection 
pressure, the disease can cause the death of the needles 
in the terminal, giving rise to a terminal blight. The 
disease is characterized, apart from the striking malfor- 
mation, by the presence in the terminal of one or more 
straw-colored needles with a water soaked appearance 
and often a pink tinge to the needles and the stem. Soon 
after becoming infected, the stem of the seedling be- 
comes markedly stiffer. Infected seedlings are shorter 

than uninfected ones. Although the disease does not kill 
the seedling, growth is retarded, continuing only when 
a lateral bud develops. Seedlings that have been in- 
fected by terminal crook disease usually fail to reach a 
suitable size for outplanting in 1 year. 

The spores are produced on infected plant debris and 
are spread by water splash. Infection is very rapid under 
favorable conditions and fresh spores are produced in a 
few days. If left uncontrolled, under favorable climatic 
conditions the disease will spread rapidly, rendering 
infected seedlings unplantable. Control is currently 
achieved by weekly spraying with dichlofluanid and an 
emulsifiable oil (Ray 1975; Vanner andRay 1977), but 
in a recent trial Vanner (1990) has shown that unless 
disease pressure is very high control can be achieved by 
fortnightly applications of prochloraz. For nurseries 
not infected, it is important they practice good hygiene 
in order to prevent infected debris from being carried in 
on machinery or in planting boxes. 

Bacterial dieback: Pseudomonas syringae p. v. 
syringae van Hall 
This is the first record of a pine seedling disease caused 
by bacteria (Langridge and Dye 1982). Although the 
bacteria are ubiquitous in New Zealand, the disease has 
been recorded only in nurseries in the South Island and 
in the lower half of the North Island. The disease has 
been recorded on Pinus muricata, P. patula, and P.  
radiata. This list should not be regarded as complete. 
Infection normally occurs near the growing point, al- 
though it can occur low down on the stem. Wilting and 
death occur above the point of infection with the stem 
often turning purple. The infected portion eventually 
dries out and becomes brittle. 

The disease first appears in the autumn before the 
seedlings become fully hardened. Infection is initiated 
by frost followed by several wet days. Infected seed- 
lings survive and continue to grow after the develop- 
ment of a lateral bud. As a result of dieback, height is 
lost, often rendering the seedling too small for planting. 
The disease is of limited importance; infected seedlings 
occur in isolated patches in a nursery. A 40% reduction 
in disease levels has been achieved in a trial with an 
application of a low rate of copper oxychloride com- 
bined with Agrimycin at weekly intervals during the 
months of April and May (late autumn). 

Grey mold: Botrytis cinerea Persoon ex Fries 

The disease is widespread and common in New Zealand 
but it seldom causes significant losses. The host range 
includes a wide range of both broadleaved trees and 
conifers (Gilmour 1966). Given optimum conditions 
for infection it is likely that all species raised in the 
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nursery are susceptible. The disease can invade healthy 
tissue but is normally regarded as a wound parasite. It 
becomes established on the dead tissue and then spreads 
to adjacent soft tissue. High humidity and warm tem- 
peratures favor infection and under these conditions the 
infected parts rapidly become covered in a webbing of 
grey mold - the aerial mycelium and spore bearing 
structures of the fungus. The spores are dispersed by air 
currents and quickly germinate on contact with suscep- 
tible host tissue. When necessary the disease can be 
controlled by high volume applications of thiram, cap- 
tan, benomyl, or dichlofluanid. 

Diplodia dieback: Diplodia pinea (Desmazieres) 
Kickx 

The disease is widespread in New Zealand. It is most 
frequently recorded on Pinus radiata and has also been 
recordedon P. muricata and and Pseudotsuga menziesii 
but it is highly likely that all pine species grown in 
nurseries are susceptible (Gilmour 1966). Diplodia is 
usually considered to be a wound parasite with infection 
occurring on tissue that has begun to wilt because of 
drought or wrenching in dry weather, but it may infect 
tissue that has been damaged either mechanically or by 
chemicals. The spores are spread by rain splash and 
infection occurs when they land on susceptible tissue. 
The spread of the fungus in the tissue is often limited in 
extent, with onjy the soft tissue just below the terminal 
becoming infected. The stem shows a purplish color at 
the point of infection, whilst the upper portion of the 
stem turns brown and bends over. Small black fruiting 
bodies are frequently seen on the dead tissue. Seedlings 
rarely die, the chief effect being a loss of height growth. 
No attempts have been made to control the disease. 

Damping-off 

This is associated with a complex of soil-inhabiting 
fungi of which the following are considered to be the 
most important: Cylindrocladium scoparium Morgan, 
species of Fusarium and Phytophthora, and Rhizocto- 
nia solani Kuhn (Bassett 1961). All the young tissues 
of very young seedlings are susceptible to infection, but 
the disease is more common in moist soils during 
periods of wet weather. The disease manifests itself in 
two ways - pre-emergence damping-off where the 
seedling is killed before it emerges leaving a sparse 
crop, and post-emergent damping-off in which the 
seedling emerges but is killed shortly afterwards. In this 
latter case collapsed and withering seedlings are seen 
lying on the soil surface. The former condition is more 
difficult to recognize as low seed viability and mouse 
and bird predation produce the same end result and 

losses from these causes are often attributed to damp- 
ing-off. 

Of the fungi listed, Phytophthora and Pythium spe- 
cies are regarded as the most damaging. Sound nursery 
practices such as good hygiene, maintenance of soil 
structure and drainage, the use of good seed and strati- 
fication to ensure rapid growth all contribute to the 
production of healthy seedlings with the minimum of 
losses. Seed treatment with thiram also reduces losses, 
as does the incorporation of metalaxyl prior to bed 
formation. 

Root and collar rot 

The same fungi responsible for damping-off cause root- 
rot. The distinction between the two conditions is that 
damping-off is a term used to describe the death of only 
very small seedlings. No species appear to be immune 
from attack by this group of fungi. Often seedlings will 
survive the attack with a loss in height gain. However, 
if they are also subjected to stress they will die. Root 
regeneration occurs provided the seedlings are not 
subjected to either drought or water-logging. The fungi 
all survive between crops on plant debris, so reducing 
the amount of residue left after lifting will reduce the 
incidence of disease as will the maintenance of a good 
soil structure combined with good drainage. Stem 
scorch or abrasion due to soil blow predisposes the 
seedling to attack in the region of the root collar. 
Control options are limited to pre-sowing treatments 
using etridiazole or a soil fumigant or the application of 
metalaxyl before or after sowing. 

Smother fungus: Thelephora terrestris Ehrhart ex 
Fries 
This fungus is widespread and can, as the name sug- 
gests, kill very small seedlings by growing over them 
and smothering them. It is not parasitic and merely uses 
other plants to support its dark brown, velvety fruiting 
bodies. Fast-growing seedlings will outgrow the fun- 
gus. Thelephora terrestris may act as a beneficial 
mycorrhizal fungus. No control has ever been at- 
tempted. 

Mycosphaerella leaf-blotch: Mycosphaerella 
cryptica (Cooke) Hansford 

This fungus is limited to the northern half of the South 
Island and all but the northernmost part of the North 
Island (Dick 1982). The disease is found on the leaves 
and stem of Eucalyptus delegatensis, E. fastigata, and 
E. regnans. It is of significance only on E. delegatensis 
where leaf infection causes loss of growth and twig 
infection leading to dieback and multi-leadering. The 
inoculum usually comes from an older infected stand 
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growing adjacent to the nursery. Sanitation felling will 
control the disease in this situation. The fungus pro- 
duces asexual spores, which are spread by rain splash- 
ing, only in the summer; sexual spores, which are 
dispersed by wind, are produced all the year round. 
Chemical control is achieved by fortnightly applica- 
tions of chlorothalonil plus a surfactant. 

Cypress canker: Monochaetia unicornis (Cooke & 
Ellis) Saccardo (=Seiridium unicorne (Cooke and 
Ellis) Sutton) and Coryneum cardinale Wagener 
=Seiridium cardinale (Wagener) Sutton and 
Gibson 

The disease is unusual because identical symptoms are 
caused by two different fungi. Both are found in New 
Zealand, but Monochaetia unicornis is the most com- 
mon (van der Werff 1984). Seedlings of Chamaecyparis 
lawsoniana, x Cupressocyparis leylandii, Cupressus 
macrocarpa, and Thuja plicata are attacked by both 
these fungi, usually via a wound or at the base of a 
branchlet. Large amounts of resin are produced and the 
tissue tums brown. The infection girdles the affected 
branch; if the infection is on the main stem it can result 
in the death of the seedling. The spores are produced in 
pustules that appear on the surface of the dead tissue. 
The disease is of little economic importance. Usually 
the source of infection is an old tree in the vicinity of the 
nursery. Sanitation felling is the only option. Infected 
seedlings should be bumt. If infected seedlings are 
planted out they will develop large cankers. No chemi- 
cals are used in the nursery to control the disease. 

Minor diseases 
The following diseases have been found periodically 
from forest nurseries but are not considered to be of 
economic significance. Cercospora leaf-spot and 
Hendersonia leaf-spot caused by Cercospora eucalypti 
Cooke & Massee and Hendersonia spp., respectively, 
both occur on Eucalyptus spp. (Dick 1982). Meria 
needle-cast caused by Meria laricis Vuillemin occurs 
on larch causing needle loss (Gilmour 1966). Swiss 
needle-cast, Phaeocryptopus gaeumannii (Rohde) 
Petrak, may cause casting of I-year-old needles of 
Pseudotsuga menziesii (Dick and Vanner 1986). 
Phomopsis dieback, Phomopsis juniperovora Hahn, 
causes dieback on Cupressus macrocarpa (Dick and 
Vanner 1986). 

Insect problems in forest nurseries 
Insects attacking the root and root-collar 

Victoria weevil: Desiantha diversipes lineata Pascoe. 
This Australian insect was first recorded in New Zealand 

in 1930. The larvae of this weevil feed on the roots of 
many plants including tree seedlings (Clark 1932). 
Damage to tree seedlings often occurs to the tap root 
leading to loss of growth and, in extreme cases, death. 
In forest nurseries, the insect, when prevalent, is more 
commonly found in beds of Pseudotsuga menziesii. 
The insect has an annual life cycle with adults emerging 
in October and November. The adults also damage 
seedlings, feeding at the root-collar. Problems with this 
weevil in nurseries were always associated with the 
presence of the weed Rumex acetosella; elimination of 
this weed with modem herbicides has cured the prob- 
lem. 

White-fringed weevil: Graphognathus leucoloma 
Boheman. The larvae feed on the roots of various plants 
but tree seedlings appear unaffected until they become 
stressed (Bain 1977). This South American insect is 
present in the North Island and in the northem half of the 
South Island. Only females have been found and they 
reproduce parthenogenetically with a 2-year life cycle. 
The insect rarely causes significant damage. With the 
withdrawal of the organochlorine insecticides, the only 
option, if required, is to control the adults, which are 
present from early December to April and whose num- 
bers peak in January and February, with contact insec- 
ticides. 

Grass grubs: Odontria sylvatica White and Costelytra 
zealandica White. These insects are melolonthine beetles 
(chafers), the larvae of which feed on plant roots. 
Odontria sylvatica and C.  zealandica are two examples 
from this extensive group present in New Zealand, and 
are most commonly found affecting seedlings in nurs- 
eries (Bain 1980). With the improvements in weed 
control, few problems now occur as the adults do not 
readily oviposit in bare or sparsely vegetated ground. 

Australian soldier-fy: Ionopus rubriceps Mcquart. 
The distribution of this introduced fly is limited to the 
northem half of the North Island. Normally it is a 
pasture pest but will attack tomatoes and cucurbits. It 
was found attached to P. radiata roots in a nursery 
newly established from pasture. Serious growth loss 
occurred. Again, the adult does not lay on bare ground, 
but could be a problem in areas of nurseries which have 
been fallowed under grass. Cultivation is the only 
control option available to the nurseryman. 

Insects attacking stems and foliage 

Tortrix caterpillars: Ctenopseustis obliquana (Walker), 
Planotortrix excessana (Walker), Epiphyas postvittana 
(Walker), and Strepsicrates macropetanaMeyrick. The 
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above are the most commonly found in forest nurseries, 
and are characterized by the larvae webbing together the 
needles or leaves of seedlings. With the exception of S. 
macropetanu, which is restricted to eucalypts (Nuttall 
1983a), many species of tree seedling are attacked by 
these tortricids (Kay 1979; Nuttall 198313). Some loss 
of growth can be expected, but the most serious effect 
occurs when the caterpillars attack the terminal bud 
causing the seedling to become multi-leadered. A 
variety of insecticides have been used to control tortri- 
cids when the numbers become high. Low rates of 
deltamethrin give good control. 

Cut-worms: Agrotis ipsilon aneituma Walker. The 
larvae of this noctuid moth, which is distributed through- 
out the country, occur from time to time in forest 
nurseries where they can devastate emerging seedlings, 
chewing them off just above ground-level. All species 
are attacked. The larvae, which feed at night, live in the 
ground, often pulling seedlings into their burrows. The 
adults are also nocturnal, and the female lays up to 1000 
eggs into cracks in the ground. When this insect is 
present, as indicated by short cut-off seedling stalks, 
control is necessary. This is best achieved by the 
application of a contact insecticide in the late evening. 

Eucalyptus leaf mining sawfly: Phylacteophaga froggatti 
Riek. This is a recently introduced Australian sawfly 
(Nuttall 1985), whose larvae feed by mining inside the 
leaves of the host plant. The structure of the lower leaf 

surface remains intact, leaving a paper thin cuticle 
covering the mine. Growth is adversely affected owing 
to the loss of photosynthetic capacity caused by the 
mining. The insect is at present confined to the North 
Island. Dimethoate is applied to control the insect in 
nurseries; sprays have to be repeated because both the 
egg and the pupal stages are unaffected. A parasitic 
wasp, Bracon phylacteophagus Austin, has been suc- 
cessfully established and is depressing sawfly numbers 
to very low levels. 

Onion Thrips: Thrips tabaci Lindeman. Pinus radiata 
seedlings show a graded response to the number of 
thrips present on the seedling. At very low levels, 
instead of being straight, a few needles develop sharp 
bends or kinks somewhere along their length. As the 
number of thrips increases, the incidence of this type of 
damage increases, and the needles shorten and become 
glaucous. Seedling growth is reduced. In some seed- 
lings, the terminal bud aborts and the plant eventually 
becomes multi-leadered. Although multi-leadered seed- 
lings perform well when outplanted and one of the 
lateral shoots becomes dominant, these seedlings are 
not readily accepted by establishment foresters and are 
culled unnecessarily. Onion thrips are cosmopolitan 
and attack a very extensive range of host plants. The 
incidence of attack is highest in the drier nurseries. 
Thrips can be controlled by fortnightly applications of 
deltamehtrin (Ray and Vanner 1988). 
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Abstract 
The introduction of container seedling production in the early 1970s markedly affected both the kinds and 
occurrence of diseases and insects in Norwegian forest nurseries. Pathogens common to bareroot nurseries such 
as Lophodermium seditiosum, Sirococcus strobilinus, Gremmeniella abietina, Melampsora pinitorqua, Phacidium 
infestans, and Herpotrichia-like mycelia occur less frequently on container-grown stock. Also, insects and mites 
such as Oligonychus ununguis, Melolontha hippocastani, Amphimallon solstitialis, Phylloperta horticola, Serica 
brunnea, Bracyderes incanus, and species of Agrotis that damage bareroot seedlings have not yet been recorded in 
containers. Recently the most serious problem has been root dieback in several nurseries. Abiotic factors such as 
flooding, old contaminated sand beds, or poor sanitation of used containers have contributed to the problem. These 
predisposing factors have provided suitable conditions for pathogens such as Pythium and Rhizoctonia to severely 
damage seedling roots. Frequently, physiological disorders or infection by Botrytis cinerea damage shoots of 
container-grown seedlings. To date, insect damage has been confined to root and vine weevils (Otiorhynchus spp.). 

Resume 
L’introduction de la production de semis en contenant au dCbut des annCes 70 a profondkment influ6 aussi bien le 
type que sur la frkquence des maladies et des insectes dans les ptpinikres forestibres de la Norvkge. Les agents 
pathogknes que l’on rencontre couramment dans les pCpinikres B racines nues, comme Lophordermium seditiosum, 
Sirococcus strobilinus, Gremmeniella abietina, Melampsora pinitorqua, Phacidium infestans et les mycCliums 
apparentis B Herpotrichia, sont moins frequents dans les pCpinikres ou l’on partique la culture en contenants. De 
plus, des insectes tels Oligonychus ununguis, Melolontha hippocastani, Amphimallon solstitialis, Phylloperta 
horticola, Serica brunnea, Bracyderes incanus et les espkces du genre Agrotis qui endommagent les semis B racines 
nues n’ont pas encore CtC signal& dans les semis en contenant. RCcemment, la difficult6 la plus sCrieuse rencontrie 
a CtC le dCptrissement des racines dans plusieurs pCpinibres. Des facteurs abiotiques comme l’inondation, 
l’utilisation de vieux lits de sable contaminks et le nettoyage insuffisant des contenants rCutilisCs ont contribuC B ce 
problkme. Ces facteurs de prkdisposition ont foumi les conditions favorables qui ont permis B des agents pathogknes 
comme Pythium et Rhizoctonia de causer de graves dommages aux racines des semis. Souvent, les pousses des 
semis en contenant subissent des dommages par suite de dCsordres physiologiques on d’une infection par Botrytis 
cinerea. Jusqu’B prisent, les seuls insectes B avoir caust des ravages sont des charaqons (Otiorhynchus spp). 

Introduction 
In N ~ ~ ~ ~ ~ ,  about 70 million conifer seedlings, mainly 
Picea abies and Pinus sylvestris, are producedeach year 
in some 30 nurseries throughout the country (Figure 1). 
Each nursery produces stock for outplanting locally. 

Until the early 1970s seedlings were mainly pro- 
duced in bareroot nurseries where they were grown 3 to 

production has 

ized production has been accompanied by a change in 
the kinds and abundance of diseases and insects affect- 
ing 

Main pests and diseases in forest nurseries 

Fungus-caused diseases of bareroot seedlings 
In general, bareroot seedlings are subject to many 
hazards. Seedlings grown outdoors suffer from a greater years. 

been reduced so that today about 80% Of 

are container-grown (Sandvik 1987)* Spruce 
are grown for One Or two growing 

variety of diseases and insects than container-grown 
seedlings in the glasshouse. The most damaging dis- 
ease of young, succulent seedlings is root rot caused by pines 

are ready for outplanting after one season in the nursery. 
The technological change from bareroot to container- 

soil-bome pathogens, mainly species of Fusarium, 
Rhizoctonia, Pythium, and Cylindrocarpon. 
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Figure 1. Forest nurseries in Norway. 

In 1962, serious damage occurred on roots of 4- 
year-old spruce seedlings outplanted in autumn at 21 
localities in southern Norway (Roll-Hansen and Venn 
1966). Typical symptoms were root necrosis and bark 
death on the lower part of the stem. The causal agents 
responsible for the disease were not identified. How- 
ever, the authors discussed the possible influence of 
abiotic factors and hypothesized that outplanted seed- 
lings may be predisposed to root damage by physiologi- 
cal conditions that occur at certain times in autumn. 

Shoots and needles of bareroot pine have been 
damaged by Lophodermium seditiosum, Sirococcus 
strobilinus (also on spruce) or Gremmeniella abietina, 
and sometimes by the rust fungus Melampsora 
pinitorqua. Pine seedlings were often damaged by 
Phacidium infestans in areas where snow cover persists 
(Roll-Hansen 1968; 1969; Venn 1976). 

Overall, spruce seedlings suffer less from diseases 
than do pine seedlings (Venn 1976). Shoot damage by 
Herpotrichia-like mycelia has been reported sporadi- 
cally. In the 1960s, however, serious damage occurred 
on shoots of4- to 5-year-old spruce in southern Norway. 
The pathogen was a species of Rhizoctonia which 
appeared to belong to the Ceratobasidium genus (Roll- 
Hansen 1968). The white, sterile mycelium of the 
fungus grew on the bark and entwined and killed needles 
on the lower shoot, then spread upwards and laterally to 
neighboring plants. In dense plantations under moist 
cool conditions, entire seedlings were covered with the 
mycelium (Roll-Hansen 1969). 

Botrytis cinerea is one of the most common shoot 
pathogens on pine and spruce seedlings. Moulding of 
bundles of cold-stored seedlings, caused by B. cinerea 
or sterile Basidiomycetes mycelium, is also very com- 
mon. 

Insects and mites affecting bareroot seedlings 
Among the Aracnidae, the spider mite Oligonychus 
ununquis has occurred on spruce seedlings (Bakke 
1961; Christiansen 1969; Ehnstrom et al. 1974), and is 
usually controlled by acaricides. Insect pests are mainly 
in the orders Coleoptera and Lepidoptera. Earlier, 
cockchafers were especially troublesome (Bakke 1961); 
Melolontha hippocastani, Amphimallon solstitialis, 
Phylloperta horticola, and Serica brunnea have, to 
varying degrees, caused serious damage in forest nurs- 
eries in various parts of Norway. The latest record of a 
cockchafer infestation in Norway was a 1973 outbreak 
of Melolontha hippocastani (Loyttyniemi et al. 1979). 
Other troublesome beetles have been the weevils 
Otiorhynchus spp. (Bakke 1961) andBracyderes incanus 
(Austara et al. 1983). Among the moths, Agrotis spp. 
often damaged young seedlings in open beds. The most 
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recent outbreak occurreu in 1976 when Agrotis segelUm
damaged eedlings and young plant in everal nur er
ies. One nur ery in particular uffered deva tating
damage (Loyttyniemi et al. 1979).

Cockchafer larvae and cutworm were u ually con
trolled by watering or du ting the soil with lindane.
Insects in the families Elateridae and Tipulidae have
been of little concern in orwegian fore t nur erie .

Fungus-caused diseases ofcontainer-grown
seedlings

Many of the pathogens occurring on bareroot tack are
also encountered in container nurserie ; however, dis
ease occur les often. Root dieback is common on
pruce and pine eedLings. It usually re ults from a

combination of unfavorable abiotic and biotic condi
tion. Botrytis cinerea is the most frequent shoot
pathogen.

Figure 2. Inoculation of spruce seedling with pathogenic fungi.

Figure 3. RhizoClonia-inoculated spruce eedling .

Insects and mites affecting container grown
seedlings

Since eedling production has largely hifted to con
tainer nur erie, insect problem are mo t1y confined to
Otiorhync!lus weevils. They invade greenhou e from
adjacent gra land, or occa ionally nearby trawberry
field . Several times from 1980-19890. om/us and O.
nodosus have caused exten ive damage to container
grown pruce seedling (Au tara et al. J983; Ehn trom,
B., Annila, E., Austara, 0., Harding, . and Otto en,
J.G. Insectpe tsinforestsofthe ordiccountrie 1982
1986. Unpublished manu cript). Control wa achieved
by watering with lindane. Co kchafer and cutworm
have not yet been a problem on container-grown eed
ling.

Recent problems

The mo t erious and persi tent problem ince the
introduction of container nursery technology has been
root djeback which occurred in the mid-1970 . Damage
mo tly occurred on pruce eedlings at everal nur er
ie . Los e were considerable, reducing eedling pro
duction by as much a 4 to 5%. Root dieback 10 e
were carried over from one crop to the next, since at that

Figure 4. P)'lhillm-inoculated pruce seedlings.
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time growing containers were set on sand beds to obtain 
proper capillary contact and drainage. Moreover, con- 
tainers were usually used several times. 

Typical diseased symptoms included shoot wilting 
and chlorosis “droopiness”, stunted growth, and vary- 
ing amounts of root damage. Symptoms occur on young 
seedlings in their first year or during the second growing 
season, and sometimes after seedling outplanting. Root 
damage occurs prior to appearance of shoot symptoms. 

Distribution of affected seedlings in containers sug- 
gested a fungal pathogen. Subsequent isolations from 
diseased roots yielded natural rhizoplane fungi, i.e., 
Mycelium radicis atrovirens, Penicillium sp., Phoma 
herbarum, and Varicosporium elodeae (Venn 1985) 
plus pathogenic fungi in the genera Pythium, Rhizocto- 
nia, Fusarium and Cylindrocarpon (Galaaen and Venn 
1979). Pathogenicity tests with isolates of a Pythium sp. 
(later determined to be P. dimorphum) and a multi- 
nuclear Rhizoctonia sp. showed that these fungi were 
aggressive pathogens, whereas the Cylindrocarpon and 
Fusarium isolates were weakly pathogenic (Venn 1985). 

Although P. dimorphum and the Rhizoctonia were 
repeatedly isolated from diseased roots, these fungi 
were obviously not the only factor involved in the root 
dieback. Experiments at several nurseries determined 
the effects of inoculation with the most pathogenic 
isolates of Pythium and Rhizoctonia in combination 
with various abiotic factors (e.g., growing media, irriga- 
tion and container placement) on disease occurrence 
and severity. Regardless of the growing medium, 
seedlings grown in containers sitting on old sand beds 
were inferior to those in containers on racks raised 5 to 
10 cm above the ground (Venn et al. 1986). This 

indicated that the sand layer was a source of pathogen 
inoculum. Analysis of the sand showed that sand under 
the containers of diseased seedlings had a very uniform 
flora, mainly fungi in the family Pythiaceae. The flora 
beneath containers of healthy seedlings was more vari- 
able (Olsen, personal communication). 

Seedlings inoculated with either Rhizoctonia or 
Pythium (Figure 2) showed typical root dieback symp- 
toms. Rhizoctonia-inoculated seedlings had stunted 
growth and dense, chlorotic leaders (Figure 3), but they 
were not killed. Rhizoctonia was recovered from seed- 
ling roots up to four months after inoculation. Pythium 
inoculations showed that the earlier seedlings were 
inoculated, the more severe the damage. Pythium- 
inoculated seedlings were usually irreversibly damaged 
(Figure 4); however, it was only possible to recover 
Pythium from seedling roots within 6 weeks of inocula- 
tion (Venn e f  al. 1986). 

Flooding also predisposed seedlings to root die- 
back. When seedlings were stressed by flooding, 
Pythium was more harmful than on unstressed seedlings 
(Venn 1983). Old, contaminated containers were also 
a source of inoculum (Olsen, personal communication). 

Root dieback losses have decreased following (i) 
removal of sand beds, to improve drainage, (ii) imple- 
mentation of container sanitization between crops, and 
(iii) development of appropriate fungicide and irriga- 
tion regimes. These practices have eliminated the root 
dieback problem. However, constant vigilance and 
monitoring and cooperation between growers and for- 
est pathologists are necessary to ensure that the problem 
does not return. 
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Abstract 
In Papua New Guinea, damping-off may be caused by a number of pathogens, principally Rhizoctonia in the 
lowlands and Pythium in the highlands. Several leaf pathogens including Colletotrichum, Cylindrocladium, and 
Harknessia cause significant defoliation and bud dieback of seedlings. Phytophthora root rot has been responsible 
for seedling mortality in a number of highland nurseries. Adequate disease control is obtained by soil sterilization, 
maintaining nursery hygiene and the use of appropriate fungicides. 

Resume 
En Papouasie-Nouvelle-GuinCe, la fonte des semis peut Ctre causCe par un certain nombre d'agents pathogbnes, 
principalement Rhizoctonia, dans les basses terres, et Pythium, dans les hautes terres. Certains agents pathogknes 
agissant sur les feuilles, dont Colletotrichum, Cylindrocladium et Harknessia, entrainent une dCfoliation et un 
dkperissement des bourgeons importants chez les plantules. Dans certaines ptpinikres des hautes terres, des 
plantules sont morts du pourridiC des racines causC par Phytophthora. La stkrilisation du sol, le maintien dune bonne 
hygibne dans les pCpinikres et l'utilisation de fongicides appropriCs sont des moyens efficaces de lutte contre les 
maladies. 

Introduction 
In the last 40 years, forest plantation establishment in 
Papua New Guinea has been carried out on a relatively 
small scale, and to date approximately 34 000 ha have 
been established in a number of localities in both the 
highlands and lowlands. It is anticipated that, with the 
increased pace of logging of the natural forests, the rate 
of plantation establishment will be significantly in- 
creased over the next 10 years, and several thousand 
hectares of plantation will be established every year. 

The diversity of habitats in Papua New Guinea has 
resulted in the need for a wide range of tree species 
suited for specific habitats. In the lowlands, the main 
species planted are Eucalyptus deglupta Blume, 
Terminalia brassii Exell., Pinus caribaea Morelet, 
Gmelina arborea Roxb., Tectona grandis L.f., Acacia 
mangium Willd. and Acacia auriculiformis Cunn. ex 
Benth.; in the lower montane sites Araucaria hunsteinii 
Schumann, A. cunninghamii Aiton ex D. Don, Pinus 
caribaea, P. merkusii Jungh. & de Vries, P. oocarpa 
Schiede and P. kesiya Royle ex Gordon are planted; at 
high altitudes Pinuspatula Schiede & Deppe is the main 
species planted although Casuarinapapuana S .  Moore, 
Eucalyptus saligna J.E. Smith and E. robusta Smith are 
also grown. 

All species are raised as tubed stock in forest nurs- 
eries which are located throughout the country. The 
incidence of disease of seedlings is variable depending 
on locality, tree species being planted, and the skill of 
the nursery workers. The range of nursery pathogens 
found in any particular locality in Papua New Guinea is 
predictable and appropriate control measures can be 
adopted. This paper examines some of the diseases 
caused by these pathogens and gives details of disease 
control measures. 

Damping-off 
Because of conditions of high temperature and humid- 
ity, damping-off caused by Rhizoctonia solani Kuhn is 
the major disease problem of germinating seedlings for 
all tree species grown in the lowlands. The severity is 
greatest with Eucalyptus deglupta; total loss of germi- 
nating seedlings of this species has occurred using 
unsterilized soil. The damping-off can be controlled by 
heat sterilization of the nursery soil and by ensuring 
nursery hygiene. Steam sterilization is not done due to 
a lack of proper equipment. There have been problems 
with soil toxicity as a result of the over-heating of soil. 
Also, despite all precautions, damping-off may still 
occur, often as a result of splash dispersal of Rhizocto- 
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nia during heavy rain, and affected seedlings are often 
spot-treated with PCNB-based fungicides in these situ- 
ations. Cylindrocladium scoparium Morgan, C. parvum 
Anderson and C. ilicicola (Hawley) Boedijn & Reitsma 
also cause damping-off of E. deglupta seedlings in 
several nurseries. 

In the highlands, where conditions are drier and 
cooler than in the lowlands, damping-off may be caused 
by a range of pathogens including Pythium spp., 
Fusarium, and Botrytis cinerea Pers. For example 
Pythium butleri Subram., has caused damping-off of 
Pinus kesiya (Shaw 1984) and P.patula has been found 
to be highly susceptible to an unidentified Pythium sp. 
As a result, seeds are germinated in open beds of 
sterilized soil before being transplanted into tubes. 
Because of the susceptibility to damping-off and the 
need to use sterilized soil, the seedlings have poor 
mycorrhizal development. To correct this, tubed seed- 
lings are placed around mycorrhizal mother trees grown 
in the middle of a nursery bed (Evans 1982). Spot 
outbreaks of damping-off caused by Pythium are treated 
with metalaxyl (Ridomil). 

Fusarium has been isolated from wilting seedlings 
of Araucaria huntsteinii (Shaw 1984) and may cause 
significant levels of mortality in the nursery. Similarly, 
B.  cinerea has been associated with serious damping- 
off of seedlings of the Eucalyptus globulus group and of 
Casuarina seedlings. The disease can be controlled by 
treatment with Benomyl and by soil sterilization. 

Diseases of older seedlings 
Foliage diseases 
A number of root and leaf pathogens have been associ- 
ated with disease problems in forest nurseries in Papua 
New Guinea. Only the most significant pathogens will 
be discussed. 

Colletotrichum spp. have been associated with leaf 
spot and bud blight of a wide range of plant species 
(Shaw 1984). For example, a Colletotrichum sp. causes 
bud blight of Araucaria hunsteinii seedlings. Symp- 
toms include sunken, moist, brown or black lesions on 
young leaves and shoots, possible death of the apical 
meristem, and retarded growth. Although the pathogen 
can be controlled using fungicides, all fungicide formu- 
lations tried have been phytotoxic. Instead, disease 
control involves manipulating the environment by re- 
ducing humidity through improved air circulation, by 
careful watering and by manipulating the amount of 
overhead shade so as to make conditions less favorable 
for the pathogen. 

Colletotrichum gloeosporioides (Penz.) Penz. & 
Sacc. causes a conspicuous leaf spot of Eucalyptus 
deglupta in a number of nurseries and plantations. 

Variable resistance to C. gloeosporioides infection has 
been observed in different provenances of E .  deglupta 
and this could be incorporated into future breeding 
programs. 

Cylindrocladium spp. are widespread in Papua New 
Guinea, and they cause both root rot and shoot and leaf 
blights. Cylindrocladium quinqueseptatum Boedijn & 
Reitsma may cause severe defoliation of E. deglupta, 
and although in the laboratory all provenances are 
susceptible to infection by the pathogen, the severity of 
defoliation in the field is variable and appears to be 
related to provenance. Cylindrocladium parvum has 
been isolated from leaf spots on Eucalyptus tereticornis 
and E. raveretiana in a number of nurseries. The 
severity of disease was greatest on seedlings under 
nutrient or water stress and control was achieved with 
the application of fungicides to the foliage. Mortality of 
Pinus caribaea seedlings has been recorded following 
infection of the roots by Cylindrocladium sp. 

An undescribed species of Harknessia has caused 
significant defoliation of unthrifty seedlings of E. 
deglupta. Symptoms include the appearance of brown 
irregular necrotic lesions and death of the leaders. Two 
other undescribed species of Harknessia have a wide- 
spread distribution on Eucalyptus robusta and E. grandis 
in the highlands causing leaf spot; the disease is severe 
only on seedlings and trees under nutrient stress. 

Low levels of shoot blight caused by Diplodiapinea 
(Desm.) Kickx have been recorded on P. caribaea 
seedlings in the highlands. Control is achieved using 
cultural methods by isolating infected seedlings and by 
nursery hygiene. 

Root diseases 
Phytophthora spp. are the most significant root rot 
pathogens in Papua New Guinea nurseries. A number 
of species incluc!ing P. cryptogea Pethybridge & 
Lafferty, P .  nicotianae van Dreda de Haan var. 
nicotianae, P. nicotianae var. parasitica (Dastur) 
Waterhouse, and P. palmivora (Butler) Butler have 
been isolated from nursery soil (Arentz 1986). Only P. 
cryptogea has been consistently associated with mortal- 
ity of seedlings, especially of Pinus caribaea. After the 
initial recovery of P. cryptogea from the roots of dying 
Pinus seedlings it was thought that the pathogen may 
have been introduced into the country from overseas. A 
survey of the occurrence and distribution of 
Phytophthora spp. found that a large number of 
Phytophthora spp. were widespread in Papua New 
Guinea soils (Arentz 1986) and that P. cryptogea and 
the other Phytophthora spp. were already present in the 
soil being used in the nursery. 
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This was associated with the practice of taking soil 
from Pinus plantations in order to ensure that the soil 
contained suitable mycorrhizal inoculum for the seed- 
lings. Symptoms of Phyfophthoru root rot in the nurs- 
ery included chlorosis of the whole seedling followed 
by death. Satisfactory disease control has been achieved 
by using Phytophfhora-free soil taken from areas out- 
side forest plantations. Although both mating types of 
P. cinnamomi Rands have been isolated from planta- 
tions and natural forests (Arentz and Simpson 1986) the 
pathogen has not been recovered from forest nurseries 
in Papua New Guinea. 

Reduced seedling growth as a result of the presence 
of nematodes has been observed. However, little work 
has been done with these organisms. Similarly, little 
work has been done on the impact of Fusarium spp. on 
seedling health although these pathogens are common 
in nursery soils. Arecent disease outbreak in Araucaria 
cunninghamii seedlings was associated with the pres- 
ence of Fusarium although this was not confirmed. 

Discussion 
In the last few years almost no monitoring has been done 
of forest nurseries in Papua New Guinea to check for 
previously unrecorded nursery pathogens. With the 
likely increase in the rate of plantation establishment 
over the next decade, and the use of a wider range of 
species, the probability of new disease outbreaks is 
high. The shortage of suitably qualified forest patholo- 
gists within Papua New Guinea may mean that many of 
these outbreaks will remain undetected. 
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Abstract 
Important diseases and insect pests affecting forest nursery seedlings in the Philippines from 1965 to the present are 
reviewed. Basic information about these problems is lacking due to insufficient research funding. In the future, work 
on seedling diseases and insect pests should increase to the same level as that for research on pests affecting 
plantations and wood products. 

Resume 
Le rapport Ctudie les principales maladies et les insectes nuisibles qui affectent les semis des p6pinEres forestikres 
depuis 1965. I1 existepeu de renseignements sur ces problkmes parce que le financement de la recherche est 
insuffisant. A l’avenir, les travaux sur les maladies des semis et sur les insectes nuisibles devraient augmenter au 
m&me niveau que la recherche sur les dCprCdateurs qui affectent les plantations et les produits du bois. 

Introduction 
The forests of the Philippines are one of the country’s 
major natural resources. The dipterocarp forest, com- 
posed mostly of medium to large trees which can attain 
a height of 40-65 m and a diameter of 60-150 cm, 
produces the world renowned “Philippine mahogany.” 
Philippine mahogany is composed of several species 
which produce either light or dark colored wood which 
is used for general construction or in making high- 
quality plywood, fumiture, and pulp and paper. About 
50 years ago, the Philippines’ total land area of some 30 
million ha was mostly covered with forests. de Guzman 
et al. (1986) cited 1984 statistics (supplied by the 
Bureau of Forest Development) as follows: 10.8 mil- 
lion ha total forest lands, 8.1 million ha of productive 
dipterocarp forest, 1.4 million ha of unproductive or 
protecteddipterocarp forest, 955.73 million m3 of stand- 
ing trees, 805.20 million m3 of dipterocarp forest, and 
6.5 1 million ha of commercial forest land. 

The reduction in the country’s forest land has been 
attributed to rapid population growth, one of the highest 
in Southeast Asia. This has resulted in increased and 
uncontrolled shifting cultivation, conversion of forest 
lands to agriculture, illegal logging, and squatting. 
Over the years these activities have caused significant 
environmental degradation such as frequent flooding, 
soil erosion and siltation of rivers and depletion of plant 
and animal genetic resources. 

As the human population increases the country will 
likely experience a timber deficit by the year 2000. The 

govemment has therefore developed and implemented 
several schemes to increase wood productivity and, 
consequently, improve environmental conditions. The 
schemes are reforestation by the government, and 
agroforestry and establishment of industrial plantations 
by the private sector. Thus far, industrial plantations 
comprise about 100000 ha and 60000 ha has been 
reforested by the govemment. Recently, small-scale 
agroforestry has been implemented. 

Plantation establishment has created conditions con- 
ducive to insect and pathogen outbreaks. This paper 
summarizes the status of these problems as they affect 
forest nurseries in the Philippines. 

Characteristics of tree plantations 
Table 1 shows the most common tree species used for 
reforestation, industrial plantations and agroforestry in 
the Philippines. Most species are exotic, fast-growing 
and planted as monoculture on degraded acid clay soils 
at lower elevations. The extension of these species 
beyond their natural geographical range subjects them 
to selection pressure by endemic pests and pathogens. 

Important nursery diseases 
During a symposium on the status of forest pests and 
diseases in Southeast Asia held at College, Laguna, 
Philippines in May, 1985 Quinones and Zamora (1987) 
gave the status of forest pests and diseases in the 
Philippines for the previous 20 years. Some of the 
important nursery diseases noted are described below. 
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Table 1. Trees used in forestry in the Philippines 

Tree species Government Agroforestry Industrial 
reforestation tree plantation 

Acacia auriculaeformis 
A.  mungium 
Albizia falcataria 
Aleurites moluccana 
A.  trisperma 
Anacardium occidentale 
Anthocephalus chinensis 
Casuarina equisetifolia 
Cedrela odorata 
Coffea robusta 
Eucalyptus camaldulensis 
E. deglupta 
E. grandis 
E. robusta 
Gmelina arborea 
Instsia bijuga 
Leucaena leucocephala 
Mangifera indica 
Pinus kesiya 
P. merkusii 
P. caribaea 
Pterocarpus indicus 
Samanea saman 
Sweitenia macrophylla 
Tectona grandis 

X 
X 

X 
X 

X 
X 
X 

X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 

X 
X 

X X 

X 
X 

X 

X 

X 
X 

X 
X 

(a)  Damping-off and root rot 
This disease is caused by species of fungi in the genera 
Pythium, Phytophthora, Fusarium, Rhizoctonia and 
Sclerotium, acting singly or together. Seedling losses of 
up to 100% have been reported in some nurseries, with 
almost all seedling species being susceptible. Root rot 
is caused by either Botryodiplodia theobromae Pat. or 
Corticium rolfsii Curzi. The tree species most often 
affected are Anacardium occidentale, Cryptomeria ja- 
ponica, Pinus kesiya, P .  caribaea, and Sweitenia 
macrophylla. 

(b )  Pink disease 
This disease is characterized by needle yellowing, top- 
pling or downward curling of the seedling leader and 
pinkish discoloration of affected tissue. Pinus kesiya is 
most susceptible species; mortality of up to 40% has 
been recorded. Fusarium solani (Mart.) Sacc. is asso- 
ciated with the disease. 

(c)  Needle blight 
This is a common disease affecting P. kesiya and P. 
caribaea seedlings. Typical symptoms are tiny, yel- 
lowish spots on the needles followed by browning and 
stunting of needles as the disease advances. Wilting and 
death of the upper portion of the stem are also common. 
Infection of 20-80% of nursery stock has been reported. 
A species of Pestalotia was initially associated with this 
disease but later studies revealed that it is caused by 
Cercospora pini-densiflorae Hori et Nambu. 

In 1988, Kobayashi and De Guzman published a survey 
of forest tree diseases in the Philippines in 1977, 1981 
and 1985. Besides the diseases reported by Quinones 
and Zamora, their work revealed the presence of other 
potentially dangerous seedling diseases such as the 
following. 
(a)  Charcoal rot 
This disease, caused by Macrophomina phaseolina 
(Tassi.) Goid., affects all species of Pinus. Symptoms 
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are similar to those produced by Rhizoctonia soluni 
Kuhn and Fusarium spp. Small black sclerotia com- 
monly form beneath the bark of diseased seedlings. 

(b)  Seedling rust 
Seedling rust is very common in nurseries and planta- 
tions where it affects Tectonu grundis. The pathogen is 
Olivea tectonae (T.S. et K. Ramakr) Mulder. Seedling 
rust is most severe on seedlings during their first 2 
months and decreases thereafter; it is insignificant on 
older trees. 

( c )  Coffee rust 
This disease is caused by Hemileia vastatrix Berk. et Br. 
and affects all coffee species grown in plantations and 
agroforestry. The typical rusty appearance is caused by 
numerous uredosori produced on the lower leaf surface. 
Severely affected leaves drop and seedlings can be 
defoliated if infection is continuous throughout the 
year. 

(d) Powdery mildew 
Powdery mildew occurs on seedlings of Acacia 
mangium, Eucalyptus citriodora, Samanea saman and 
Tamarindus indicus. It is characterized by a powdery 
appearance of leaves and stems and stunted growth. 
Although the pathogen has not been identified, it pro- 
duces a well developed oidia1 stage. 

(e )  Anthracnose 
Anthracnose (Glomerella cingulata (Ston.) Sp. et Schr.) 
is common on seedlings of Mangijera indica and 
Leucaena leucocephala. On M .  indica, the fungus 
causes leaf spots and necrosis of young stems. Severe 
disease causes defoliation and dieback; the latter results 
in affected seedlings producing numerous shoots. 
Heavily affected seedlings are culled as they do not 
survive outplanting. On L. leucocephala, the fungus 
causes top wilting. Pinkish conidial masses are pro- 
duced on wilted tissue together with pale pink fruit 
bodies of F. soluni. 

(f) Tar spot 
Tar spot, caused by Phyllachora pterocarpii H. et P. 
Sydow, is common on seedlings and mature trees of 
Pterocarpus indicus. Although seedlings may be heavily 
diseased, leaves remain attached and the disease does 
not affect growth significantly. 

Recently, several new diseases had been reported 
affecting some very important tree species. 
( a )  Gall disease 
Generalao et al. (1989) reported a severe outbreak of a 
gall disease on seedlings and mature trees of Albizia 

fulcataria (L.) Back. in Mindanao. The disease is 
characterized by twisting or girdling of shoots, fol- 
lowed by gall formation. Galls then tum brown and 
later become rusty in appearance. Affected seedlings 
usually lose their leaves and become stunted, eventually 
dying. According to Militante (unpublished data), 
disease incidence in nurseries is 90- 100%. Gall disease 
was allegedly observed as early as 1983 in a govem- 
ment reforestation project in Mindanao, but since this 
observation was not confirmed, disease development 
was not monitored. Eusebio et al. (1990), in studying 
identity of the causal agent, reported the pathogen to be 
Uromycladium tepperianum (Sacc.) McAlpine. Both 
the pycnial and telial stages of the fungus occur on the 
same host. Their identification was confirmed by M. 
Dick, Forest Research Institute, Rotorua, New Zealand. 

(b )  Root rot of Gmelina arborea 
About 10 OOO seedlings of G. arborea have been killed 
in a reforestation project in southern Leyte due to C. 
rolfsii. Symptoms include yellowing, wilting and seed- 
ling death. Numerous sclerotia form at the base of the 
diseased seedlings. 

Important seedling insect pests 
Although many insects affect forest nursery seedlings 
in the Philippines, only a few reports have been pub- 
lished on such insects. Quinones and Zamora (1987) 
found a mole cricket, Gryllotalpa africana Pal., infest- 
ing Leucaena seedling roots, causing seedling wilt and 
desiccation. Losses up to 30% of the Leucaena seed- 
lings occurred at one site. Adult mole crickets are 2-5 
cm long, brown, with a velvety appearance. Oviposi- 
tion takes place in the rainy season and the life cycle is 
completed over the next year. Adults live 2-3 months, 
or longer. The above authors also reported an uniden- 
tified Lepidopteran damaging newly emerged or devel- 
oped Pinus kesiya seedlings. Losses of 510% have 
been observed in some nurseries, but higher losses can 
occur if larvae are not controlled. The body of the dark 
colored adult insects is 5 mm long, while their forew- 
ings measure 6 mm. Pupation occurs inside a leaf case 
molded by insect webbing. 

Quinones and Zamora (1987) also cited a report by 
Weidelt who in 1975 observed the occurrence of teak 
defoliator (Hyblueu puera Cramer) and teak skeleton- 
izer (Pyrausta machaelis Walk.). The defoliator cuts 
out patches of leaf tissue while leaving the coarser 
veins. Young leaves are usually consumed. The life 
cycle requires 15-34 days for completion. Moths have 
a wing span of 30-40 mm. Their forewings are variable 
grey brown and red with diffused bands of darker color 
and the hind wing is dark brown with a curved orange 
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band sometimes broken up into patches. The skeleton- 
izer consumes all the tissues between veins. The life 
cycle is completed in 23-29 days. Adult deposits eggs 
(on both upper and lower leaf surfaces) which hatch 
after 3 days; larvae feed under a protective silk cover. 
The moth has a wing span of 19-26 mm; the forewing is 
yellowish with zigzag markings of varying colors while 
the hindwing is pale with a reddish marginal line. 

In recent years, a psyllid infestation of L .  
leucocephala has been found worldwide, including in 
the Philippines, Introduced into the country many years 
ago, L. leucocephala became a major source of fuel for 
cooking and a substitute for posts in rural housing. 
Because of the high nutritional value of its leaves, the 
species became a good source of nitrogen in animal feed 
formulations. Its popularity resulted in the introduction 
of other, fast-growing varieties. The popularity of these 
fast-growing varieties resulted in large scale plantings 
which eventually outnumbered the traditional variety. 
In 1985, an outbreak of psyllid infestation occurred. 
Initially, the infestation was confined to plantations, but 
later even nursery seedlings were attacked. Damage 
consists of defoliation, distortion of young stems, sooty 
mold development, and death of affected branches. A 
multi-disciplinary task force was created to study the 
problem and devise management strategies. One of us 
(Rey Lucero) studied the insect’s population dynamics. 
Preliminary results follow: (i) in 1987, individual 
shoots with five compoundleaves contained about 8000 
eggs; (ii) egg, nymph and adult populations can reach 
10 000 and defoliation begins 1 week after initial infes- 
tation; (iii) on heavily infested shoots, honeydew pro- 
duced by the psyllid enhances sooty mold colonization; 
(iv) when nymph numbers reach 4000, most first-instar 
andsecond-instar nymphs diebecauseof the honeydew’s 
sticky nature; (v) fifth-instar nymphs are usually at- 
tacked by a chalcid parasite, e.g. in November, 1989, 
parasitism of fifth-instar nymphs reached 60% (the 
population of the psyllid is presently at its lowest level); 
and (vi) in 1985, only 13 species of natural parasites 
were observed. Presently, there are more than 100 

natural enemies (most are predators while three are 
parasites). 

Discussion and conclusions 
A symposium on forest pests and diseases held in 
Southeast Asia in May, 1985 resulted in the identifica- 
tion of potentially dangerous insect pests and diseases 
which should be given top priority, outlined gaps in 
pathology and entomology research and gave a profile 
of current manpower. Training and equipment require- 
ments for the region for 1986- 1990 were also given. For 
the Philippines, no nursery insects were given a high 
priority. For diseases, the distribution and control of 
needle blight was identified as a top priority while the 
survey and identification of causal agents of leaf spot 
disease was given anumber two priority. Research gaps 
identified for forest nursery insect pests and diseases 
were: (i) survey and growth impact, (ii) identification, 
(iii) biology and population dynamics, and (iv) control. 
The seemingly low priority given to research on seed- 
ling pests and diseases in the Philippines can be attrib- 
uted to insufficient trained researchers, and lack of 
facilities and funding. Because pest-caused losses are 
more obvious in plantations and on wood products and 
because of the drastic reduction in the quality and 
serviceability of wood products, research designed to 
solve these problems has received more support from 
govemment and intemational research organizations. 

In the immediate future the Philippines will be 
depending even more on plantations and agricultural 
tree crops to meet the increasing demand for wood. 
Large tracts of land will be converted into monocultural 
plantations. Under these conditions, many destructive 
pests and pathogens will affect both the production and 
utilization aspects of plantation management. Tree 
crop protection should thus be made an integral part of 
the management scheme. Research on biological prob- 
lems affecting nurseries should receive as much atten- 
tion as those affecting plantations and wood products. 
Because many important biological problems are com- 
mon to the region, cooperative research efforts should 
be encouraged among researchers in Southeast Asia. 
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Abstract 
The biology, distribution and damage of diseases of container-grown conifer seedlings in Sweden are reviewed. 

Special emphasis is given to the role of the common rhizospheric fungus Cylindrocarpon destructans (Zins.) 
Scholten in root death of Pinus sylvestris in Nordic nurseries and plantations. 

Resume 
L’ttude porte sur la phytopathologie des semis de conifires cultivts en rtcipients dans les ptpinibres forestibres 
sutdoises. On y traite en particulier du r61e du champignon rhizosphtrique commun Cylindrocarpon destructans 
(Zins.) Scholten dans la mortification rhizomtlique de Pinus sylvestris cultivt dans les ptpinikres et les plantations 
nordiques. 

Introduction 
In Sweden about 600 million seedlings are produced 
each year (Nystrom 1989), 80% of which are container- 
grown. Although Scots pine (Pinus sylvestris) and 
Norway spruce (Picea abies) are the major species 
grown, some lodgepole pine (Pinus contorta) and birch 
(Betula verrucosa) are also produced. There are from 
one to four crops each year. The first crop, sown in the 
greenhouse in March is normally outplanted on clear- 
cuts in the autumn of that year. Seedlings from subse- 
quent sowings are overwintered outdoors or stored in 
freezers (-3OC) in waxedcardboard boxes (B. Arvidsson, 
National Board of Forestry, Jonkoping, Sweden, per- 
sonal communication). As production of containerized 
seedlings has increased so have the associated diseases 
(James 1985). Although shoot diseases are most com- 
mon, root diseases also cause notable losses. 

Biology, Distribution and Damage 
Shoot diseases 

The most serious shoot diseases of container-grown 
seedlings in Swedish forest nurseries are grey mould 
(Botrytis cinerea Pers. ex Fr.), Scleroderris shoot die- 
back (Gremmeniella abietina (Lagerb.) Morelet), 
Sirococcus blight (Sirococcus strobilinus (Desm.) 
Petrak), Lophodermium needle cast (Lophodermium 
seditiosum Minter, Staley & Millar), and snow blight 
(Phacidium infestans Karst.). Among the rusts only 

pine twist rust (Melampsora pinitorqua Rostr.) causes 
notable losses. 

Over several years we have concluded that intensive 
plant production often favors pathogen buildup. The 
greenhouse environment often enhances pathogen de- 
velopment while outside cool, moist conditions and 
crowded stands with dense foliage may favor patho- 
gens. 

Grey-mould (Botrytis cinerea) 
The fungus B. cinerea is the most damaging shoot 

pathogen in Swedish nurseries, especially on pine seed- 
lings. This facultative parasite colonizes dead material 
before infecting living tissues. Although Botrytis conidia 
are present in the air at all times of the year, they are most 
numerous during the summer and autumn (Pawsey 
1964). Grey-mould development and spread are fa- 
vored by cool, moist conditions (Coley-Smith et al. 
1980). Infection often follows physical damage, but 
conditions that weaken seedlings increase susceptibil- 
ity to Botrytis (Pawsey 1964). Whereas Sutherland and 
Van Eerden (1980) say that Botrytis does not harm 
roots, Galaaen and Venn (1979) found the fungus asso- 
ciated with root collar necrosis of 2-year-old spruce 
seedlings. 

Scleroderris shoot dieback (Gremmeniella abietina). 
This is the second most damaging shoot disease in 
Swedish nurseries. The fungus attacks P.  sylvestris and 
P. contorta, but not P. abies seedlings. Infection 
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probably occurs from July through October and is 
favored by a cool, wet growing season (Petaisto and 
Rep0 1988). Conidia are dispersed during rainy periods 
(Bergdahl 1983) and the fungus develops in shoots 
during the winter when it is favored by temperatures 
around 0°C (Barklund and Unestam 1988). This ex- 
plains why snow cover creates good conditions for 
fungal infection (Marosy and Patton 1988). Disease 
symptoms appear in June, which is a problem as seed- 
lings may have already been outplanted. At that time 
seedlings often bear ripe pycnidia, whereas pycnidia on 
trees do not mature until 1 year later. Conversely, 
cryptoconidia are often present on both seedlings and 
twigs on trees during summer following infection 
(Hellgren, unpublished). 

Sirococcus blight (Sirococcus strobilinus) 
In Sweden, damage from Sirococcus blight has in- 
creased since the early 1980s. Sudden outbreaks have 
occurred in northem Sweden, especially on P. contorta. 
The fungus primarily affects container-grown P. contorta 
and P. abies, but is rare on P. sylvestris. The pathogen 
spreads via spores from late spring until summer. Infec- 
tion is favored by high humidity, insufficient light and 
cool temperature (Sutherland 1982). 

We have often found infected seedlots of lodgepole 
pine adjacent to healthy spruce, or vice versa. Peace 
(1962) suggested that pine and spruce are attacked by 
different strains of the fungus. There might also be 
differences in susceptibility among pine and spruce 
provenances. 

Pine needle cast (Lophodermium seditiosum) 
Lophodermium needle cast affects Scots pine and lodge- 
pole pine. The disease has caused important damages to 
nursery seedlings in south and central Sweden (L. 
Beyer-Ericson, unpublished data). The pathogen oc- 
curs frequently in dense, moist seedbeds. Rainy, au- 
tumn weather favors infection (Butin 1989). 

Lophodermium seditiosum was long confused with 
L. pinastri. The latter attacks senescent and dead 
needles, whereas L. seditiosum affects needles of all 
ages, although the current-year shoots are most severely 
affected (Minter 198 1). 

Snow blight (Phacidium infestans) 
This foliage disease is common in nurseries in northem 
and central Sweden. The fungus infects P. sylvestris 
and P. contorta via spores in late autumn just before 
seedlings become covered with snow. Disease devel- 
opment and spread are favoured by deep (at least 40-60 
cm), prolonged snow cover (Mattson-M8m and Nenzell 
1941; Roll-Hansen 1989). Because in northem Sweden 

a deep snow cover usually lasts from November through 
April, losses caused by P. infestans pose a serious 
problem especially where insufficient fungicide has 
been applied. 

Twist rust (Melampsora pinitorqua) 
This is the only rust causing economically important 
damage in Swedish nurseries. The fungus produces 
aecia on P. sylvestris, and uredia and telia on aspen 
(Populus tremula), white poplar (Populus alba), and 
grey poplar (P. canescens). Pinus contorta is not 
attacked by twist rust (Butin 1989). Infection occurs in 
spring on elongating pine shoots. When the fungus 
girdles shoots, they wither and die. Young pine seed- 
lings may die when shoot damage is severe. The disease 
can be prevented by maintaining a 500-m-wide aspen 
and poplar-free strip around the nursery (Butin 1989). 

Root diseases 

Root problems are often neglected or misinterpreted. 
For example, delayed growth induced by mild disease 
may be attributed to other causes. Since the early 1980s 
root dieback on young, containerized conifer seedlings 
has occasionally caused serious problems in nurseries 
throughout Scandinavia. To determine the frequency 
and degree of root damage, 10 nurseries were surveyed 
in south and central Sweden. The findings were comple- 
mented by laboratory and greenhouse experiments. 

Root pathogen survey 
In the root pathogen survey isolations were made from 
roots of container-grown, 1- to 4-year-old Scots pine 
and Norway spruce seedlings with signs of root dam- 
age. Typical symptoms of root damage were stunted 
shoot growth, needle chlorosis, and browning begin- 
ning at the needle-tips. Fine roots were dead in most of 
the damaged root systems. Fungi isolated from surface 
sterilized tissues of damaged roots included Pythium 
spp., Cylindrocarpon destructans (Zins.) Scholten, 
Alternaria alternata (Fr.) Keissler, Ulocladium atrum 
Preuss, andBotrytis cinerea Pers. ex Fr., all of which are 
considered to be stress pathogens. 

Pathogenicity and infection 
We focused mainly on the effect of the mildly patho- 
genic but sometimes serious root-thief Cylindrocarpon 
destructans, which appeared in several nurseries where 
it was clearly associated with certain types of growing 
media (unpublished data), as well as with watering, 
shading, and pesticides usage (Unestam et al. 1989). 
The fungus is normally rather harmless, but may “steal” 
roots without causing symptoms other than delayed 
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plant growth. The fungus often increased its inoculum 
potential by growing on dead root pieces left in the 
growing medium or on the ground, thereby threatening 
the next crop. Cylindrocarpon appeared to inhabit the 
surface of fine roots where under favorable conditions 
it produced toxins that killed parts of the root, thereby 
allowing the fungus to invade. Under nursery condi- 
tions most of the root system eventually dies, although 
initial shoot symptoms may barely be noticeable 
(Unestam et al. 1989; Unestam and Beyer-Ericson 
1988). 

Stress also predisposes seedlings to Fusarium, 
Alternaria and Pythium infection. All these fungi 
produce toxins that weaken root tips, allowing the fungi 
to enterandkillroots. SporesofFusarium andAlternaria 
may germinate and enter through cutting and grafting 
wounds. As far as we know, Botrytis does not produce 
a toxin; instead it penetrates roots and shoots of seed- 
lings weakened by flooding, shading or frost (Pawsey 
1 964). 

Stress and disease 
In the nursery, infection by most root and shoot diseases 
is favored by plant stress. Thus, where such diseases are 
prevalent, it is often assumed that the seedlings are 
under stress. Many nursery practices can stress seed- 
lings as may outplanting. Thus stress factors must be 
investigated and minimized. Intensive studies on 
Cylindrocarpon root death (Unestam et al. 1989; un- 
published results) revealed that excessive rain, 
overwatering during dry periods, and the use of finely 
ground peat (which has an extremely high water-hold- 
ing capacity) can result in oxygen depletion, an impor- 
tant source of stress. Shading (dense stocking), fungi- 
cides (some stress the root more than inhibit the patho- 
gen), herbicides (that inhibit photosynthesis), root prun- 
ing and transplanting can all cause stress. For some 
fungi a pH higher than 6 resulting from liming of the 
peat substrate, or adding vermiculite, among other 
practices, favored disease (Damm and Unestam 1990; 
E. Stenstrom, Swedish University of Agricultural Sci- 
ences, Uppsala, personal communication). 

Protecting microflora 
Some soils favor growth of species of Trichoderma 
which may protect plant roots from pathogens. Unfor- 
tunately, these beneficial fungi are sometimes more 
sensitive to fungicides than are pathogens (Unestam et 
al. 1989). 

Mycorrhizal fungi may, under certain conditions, 
protect seedling roots from pathogens (Chakravary and 
Unestam 1987 and references therein). The mycorrhi- 
zal fungi Laccaria laccata and Hebeloma 

crustuliniforme not only protect short roots, but also 
actively favor formation of new long roots where the old 
roots had been killed by the pathogen (Damm and 
Unestam 1990). The photosynthetic capacity of dam- 
aged seedlings was partly preserved if their roots were 
mycorrhizal. Mycorrhiza formation in nurseries may 
be encouraged by suitable cultivation conditions such 
as moderate nutrient levels and avoidance of flooding 
(Stenstrom and Ek 1990; E. Stenstrom, manuscript in 
preparation “The effects of flooding on the formation of 
ectomycorrhizae in Pinus sylvestris seedlings.”). Prac- 
tical methods for inoculation with mycorrhizae have yet 
to be developed for Swedish nurseries. 

Cold storage problems 
In Sweden, most containerized seedlings are cold stored 
from about October until May. Since seedlings always 
become contaminated with spores or mycelium of sa- 
prophytic fungi during the growing season, storage 
mould is inevitable. Various fungi can mould cold 
stored seedlings. Botrytis cinerea is the main storage 
mould in Sweden, with an unidentified basidiomycete 
(Basidiomycetes sp.) being next in importance. Prob- 
lems with storage mould are usually not detected until 
the seedlings are removed from the freezer in the spring. 
Seedlings attacked by Botrytis are usually covered with 
a grey, cottony mycelium, and the upper part of the 
shoot is often dead. As Botrytis can grow and parasitize 
plants at relatively low temperatures, e.g., -2OC, it is 
necessary to keep the storage temperature below -3°C. 
If the temperature temporarily increases during storage, 
perhaps from power failure or because too many boxes 
were placed in the freezer simultaneously, the fungus 
may grow and damage seedlings (Beyer-Ericson 1987). 
Botrytis has caused serious damage on seedlings that 
were insufficiently winter hardened before storage, or 
weakened by other fungi. Seedlings lifted from seed- 
beds during wet weather, and earth-soiled seedlings are 
especially susceptible to Botrytis during storage (Beyer- 
Ericson 1987). 

Basidiomycetes sp. is another low temperature fun- 
gus causing mould on container-grown pine and spruce. 
The fungus forms a light grey mould on roots. If 
mycelial growth is intensive during storage, the fungus 
may spread outside the storage box. Because it can 
deteriorate cellulose, the fungus grows on paper, timber 
and other organic material near stored seedlings (Venn 
1983). The mycelium of Basidiomycetes sp. collapses 
once seedlings are removed from the box to warmer and 
drier conditions. According to Venn (1983) the fungus 
is strongly associated with stem necroses. Nevertheless 
there are no reports from Sweden of affected seedlings 
dying after outplanting. Perhaps this is due to damage 
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being discovered and the boxes being opened before the 
fungus enters and destroys roots. 

Fungicides 
Although the proper use of fungicides can effectively 
reduce disease losses in the nursery, we find that routine 
applications, overdoses, and repeated use of the same 
compound can exacerbate rather thancorrect diseases. 
Knowledge is lacking on both the direct and indirect 
effects of fungicides on minor pathogens (Unestam et 
al. 1989). We do know, however, that the fungicide 
vinclozolin has little effect on Cylindrocarpon, but may 

predispose roots to attack by this usually mild pathogen. 
Exclusive use of systemic fungicides such as benomyl 
may lead to serious attacks by Botrytis cinerea and 
species of Alternaria and Fusarium. Benomyl tolerant 
strains of Botvytis are well known (Coley-Smith et al. 
1980). Failures in disease control as a result of benomyl 
tolerance in Alternaria occurs in carnation (Manning 
and Papia 1972) and young pine seedlings (Beyer- 
Ericson unpubl.). OlvAng (1985) showed that 
Gerlachia (Fusarium) nivalis can be benomyl-tolerant. 
Although fungicide use is decreasing, more testing and 
information is needed to improve use of these materials. 
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Abstract 
This paper presents examples of seedling damage resulting from the interaction of available pests, time of year, local 
environmental conditions, existing silvicultural practices, and tree species. As a general rule, newly germinated 
seedlings are affected by damping-off and cutworms, whereas established seedlings are prone to damage by cankers, 
root diseases, and root weevils. White grubs prefer sandy soils, whereas shoot blights and crane flies prefer wet, 
heavy soils. In the United States, cultural practices such as organic amendments (sawdust, etc.) may influence 
cutworm populations by providing a more favorable environment, whereas clean cultivation and rotation of seed 
and transplant beds can help prevent pest damage. 

Resume 
Cet article renferme des exemples des dommages que subissent les semis en fonction des insectes nuisibles, du temps 
de I’annCe, du milieu ambiant, des mCthodes de sylviculture et des espkces d’arbre. En rkgle gCnCrale, les semis 
souffrent de la fonte et du vers-gris peu aprks la germination, alors que les plants plus avancCs peuvent &re 
endommagCs par les chancres, les maladies des racines et les charaqons des racines. Les hannetons prCferent les 
sols sablonneux alors que l’on retrouve les briilures des pousses et les tipules dans les sols humides et lourds. Aux 
Etats-Unis, les pratiques de culture telles que les modifications biologiques (sciure, etc.) peuvent faire augmenter 
les populations de vers-gris en foumissant un milieu plus favorable, tandis que la culture nettoyante et la rotation 
des planches de semences et de transplantation peuvent aider 21 prCvenir les dommages causCs par les insectes 
nuisibles. 

Introduction 
Forest nurseries in the United States operate in a wide 

bareroot seedling. Unique pest problems would also be 
associated with propagation of endangered species. 

variety of temperature climates: the arid Southwest, the 
mild damp Northwest, the warm humid South, and the 
harsh Northeast. With this wide range of growing 
conditions one expects to find a large number of nursery 
pest problems with a great deal of variation from region 
to region. One also expects the number of pests to 
change with different tree species and seedling rota- 
tions. The pest complex affecting a two-crops-per-year 
container seedling differs from that of a two-year-old 

A recent Forest Service publication lists and de- 
scribes some 58 different nursery pest problems from 
both bareroot and container nurseries (Cordell et al. 
1989). In the short time allotted we cannot attempt to 
describe all the major insect and disease problems. 
Instead we have chosen a variety of problems which we 
think are important in nursery management and which 
illustrate how these pests affect forestry in the United 
States. 

I Trade names and commercial products and enterprises are mentioned solely for information. No endorsement by the U.S. Department of 
Agriculture is implied. 
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Diseases 
Root Diseases 
The charcoal root disease [Macrophomina phaseolina 
(Maub.) Ashby] affects several hundred plant species 
including many forest tree seedlings and native weeds. 
All conifers may be suitable hosts, but the most suscep- 
tible are white fir, Douglas-fir, red fir, sugar pine, 
Jeffrey pine and giant sequoia in the West and slash, 
loblolly, longleaf, and Virginia pines in the South 
(McCain and Scharpf 1989; Smith et al. 1989). This 
disease is most often found in the warmer growing 
zones of the Southeast and Southwest United States 
including California (Smith 1975). 

Charcoal root disease can cause heavy losses in 
some species if left unchecked. The fungus attacks all 
portions of the root system of the seedling, killing the 
root tissues of stressed seedlings during hot weather. 
Severe infection results in seedling death in the nursery 
bed. Stunted seedlings will not survive outplanting. 
The charcoal root fungus forms small black 
microsclerotia in the cambial zone after the seedling’s 
death. These microsclerotia (overwintering stage) are 
released in the soil as the root decays. When a growing 
root contacts a microsclerotium the following year, it 
will germinate, grow over the root surface, and pen- 
etrate between epidermal cells into the cortex. From 
here the fungus advances through the cortex and inner 
bark to the taproot. Deterioration of the root system 
causes the seedling to become stunted, chlorotic and 
finally die. 

The most effective control is soil fumigation with a 
combination of methyl bromide-chloropicrin. Once 
found in a nursery with a warm growing season, this 
root disease builds up high populations in the soil and 
consistently causes significant seedling mortality (Smith 
et al. 1989). Infected seedlings should be culled. 

Several species are responsible for fusarium root 
disease [Fusarium oxysporum (Schl.) emend. Synd. & 
Hans and F. solani (Mart.) Appel. & Wollew. emend. 
Synd. & Hans]. Fusarium attacks the roots of most 
conifer seedlings, but certain species such as Douglas- 
fir and pines appear to be the most susceptible (Johnson 
et al. 1989). Fusarium root disease has been reported 
from many nurseries throughout North America. The 
range of symptoms includes late damping off resulting 
from hypocotyl infection, foliage chlorosis, seedling 
death, stunting, increased culling, reduced survival of 
outplantings, and wilting and death of 3- to 4-year-old 
potted sugar pine used as grafting root stock (Hamm and 
Hansen 1989). 

There is still a great deal to learn about fusarium 
diseases of conifers-the infection process, host spe- 
cialization, role of stress, and spread of these diseases. 

Also, the large number of saprophytic fusaria found on 
the roots of infected plants makes identification of the 
causal agent difficult. In most fusarium diseases, the 
pathogen rests in the soil in the form of a thick walled 
chlamydospore which germinates in response to con- 
tact with root exudates. During warm periods the 
fungus grows over the root and penetrates into the 
cortex and xylem, resulting in the death of these tissues. 

Soil fumigation with methyl bromide and chloropi- 
crin mixtures before planting has yielded the best and 
most consistent control of this disease. Fungicides as a 
rule have not been effective. Stunted and/or chlorotic 
seedlings growing in fusarium-infested seedbeds should 
be culled. 

Stem and Foliage Diseases 

Fusiform rust [Cronartium quercuum (Berk.) 
Miyabe ex Shirai f. sp. fusiforme Burds & Snow] is the 
most serious disease of slash and loblolly pines in the 
Southeastem United States. No mortality occurs in the 
nursery, but infected nursery seedlings seldom survive 
the first year of outplanting and those that do, usually 
become malformed, and provide the potential to spread 
the disease to other healthy pines in the plantation. This 
disease is found from Maryland south to Florida and 
west to Texas. Thirty-two species of hard pines are 
susceptible to this disease, and members of the black 
oak group are the most common altemate hosts (Rowan 
1989). 

The use of triadimefon (Bayleton) in the forest 
nursery has greatly reduced infection and spread of this 
disease via nursery stock. The control of this disease in 
nurseries has reduced the levels of infection in many 
plantations in the South. In the past decade, successful 
breeding programs for rust-resistant slash and loblolly 
pines have also significantly reduced the adverse effects 
of this disease. 

Fusiform rust exemplifies a disease which can be 
contracted in the nursery, but the real impact of this 
disease occurs after outplanting in the forest plantation. 
Therefore, the nursery manager has an important role in 
controlling this pest. 

Grey mold [Botrytis cinerea (Fr.) Pers.] is caused by 
a fungus which has an extremely large number of hosts 
including herbaceous plants, trees and shrubs. Nearly 
all species of trees grown in forest nurseries are suscep- 
tible, especially redwood, giant sequoia, and Monterey 
cypress (Srago and McCain 1989). This disease occurs 
sporadically when conditions of high humidity occur in 
and around susceptible tissue. Thus the disease tends to 
occur in overstocked stands of seedlings, where it starts 
on the lower senescent foliage and moves up through 
the plant, killing needles and young shoots. Grey mold 
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can also infect seedlings in transit and storage when 
proper conditions are not maintained. It is capable of 
killing large numbers of seedlings in a short period of 
time. 

Negligence or lack of knowledge usually promotes 
this disease. In most cases grey mold can be prevented 
by controlling the cultural conditions under which the 
seedlings are grown or stored. 

Lophodermium needle cast [Lophodermium 
seditiosum Minter, Staley & Millar] usually causes 
severe damage on Scots and red pine in the Great Plains 
and the northern half of the United States wherever the 
hosts are grown. Infection can involve a complex of 
several Lophodermium species but L. seditiosum is 
considered the strongest pathogen. 

Spores are introduced into the nursery from diseased 
trees on adjacent property or infected needles used as 
mulch. Infection occurs on current-year needles in the 
summer or fall. Symptoms usually appear the following 
winter or early spring when severely affected seedlings 
turn yellow and then a scorched reddish brown. 
Outplanted seedlings infected with needle cast are focal 
points in plantations for this disease (Staley and Nicholls 
1989). This needle cast is another disease that causes 
needle loss but seldom kills nursery seedlings. 

Needle cast can be controlled by a combination of 
sanitation, proper watering schedules, and the applica- 
tion of chlorothalonil or maneb. Frequency of chemical 
applications varies across the northem United States 
from four applications every 14 days in Michigan to a 
year-round application every 30 days in the state of 
Washington (Kanaskie 1990). 

Brown-spot needle blight [Mycosphaerella 
dearnessii Barr] (syn. Scirrhia acicolu) infects seed- 
lings of longleaf, slash, loblolly, and white pines in 
nurseries from Texas to North Carolina. The grass 
stage of longleaf pine is particularly susceptible to this 
disease (Kais 1989; Phelps et ul. 1978). 

This disease is disseminated by two different spore 
forms. Ascospores are wind borne and conidia are 
disseminated by water. The conidia are produced in 
acervuli on ascospore lesions and responsible for the 
buildup of populations in nursery beds. Infected seed- 
lings have discolored spots on the foliage. When the 
needle tissue dies between lesions, the seedling has a 
mottled appearance. Severe infections result in defolia- 
tion and reduced survival in new plantations. 

Brown-spot needle blight can be controlled by a 
combination of low seed density, reduction of pH below 
6.0 in conjunction with inoculation of Pisolithus 
tirzctorius, and root prune seedlings at least 40 days 
before lifting. Applications of a Bordeaux mixture, 
maneb, chlorothalonil, or a root-dip of benomyl-kaolin 
mixture before packing and outplanting improves growth 

and survival of severely infected seedlings. 
Phoma needle blight [Phoma eupyrena Sacc.] is an 

interesting foliage disease caused by a soil-borne fun- 
gus. It affects Douglas-fir, red and white firs, and 
Engelmann spruce in the Pacific Northwest and 
Intermountain areas (Srago et al. 1989). The disease is 
most severe on small and stunted seedlings where rain 
or irrigation causes a buildup of soil cones around the 
lower stem and foliage of seedlings. This soil-borne 
fungus spreads from the soil cones into the lower 
needles and up through the crown, killing the needles 
(Kliejunas et al. 1985). Completely defoliated seed- 
lings usually die when their terminal buds are dead. 

This disease is controlled by both cultural and chemi- 
cal factors. Cultural measures which increase the rate of 
growth are helpful in reducing disease losses. This may 
include early planting, inoculating trees with mycorrhi- 
zae when their absence is the cause of the stunting, 
maintaining proper levels of fertilizers, and mulching. 
Methods which reduce sand splash and the buildup of 
soilcones will also reduce losses. Chemical sprays with 
chlorothalonil during the dormant rainy season have 
been effective. 

Phoma blight is an atypical foliage disease in which 
the pattem is in concentrated spreading patches, more 
like a root disease. The greatest losses may not be 
mortality, but in the great variation in seedling size and 
in number of seedlings that need to be culled or grown 
for an additional season. 

Sirococcus shoot blight [Sirococcus strobilinus 
Preuss] is found in the westem and the north central 
United States. It is severe along the coast of northem 
Califomia and southern Oregon where the climate is 
moderate and moist (Smith and Nicholls 1989). On 
occasion this shoot blight is found farther inland with 
the occurrence of a warm, wet growing season. It occurs 
on various pines, spruces, and western hemlock. Jef- 
frey, Coulter and sugar pine appear to be the most 
susceptible. Infected seedlings of all ages may be killed 
or damaged to the point of being culled. 

This disease causes a shoot dieback and canker of 
the current-year’s growth. The fungus overwinters in 
dead needles and shoots and on spruce cones. This 
disease may also be seed bome. Initial infections in the 
late spring or early summer are usually scattered through- 
out the nursery beds. Secondary infection by rain and 
irrigation splash causes small pockets of infection to 
build up during the growing season. Warm, moist 
weather may produce heavy seedling losses. 

Sirococcus shoot blight is controlled by the applica- 
tion of chorothalonil at 3- to 4-week intervals through- 
out the growing season. It is recommended that very 
susceptible species be grown in nurseries with an arid 
growing season. Nurseries with a surrounding forest 
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and a history of Sirococcus may wish to examine the 
adjacent stands. In northern California, Sitka spruce 
cones in the stand surrounding Humboldt Nursery were 
found to be a source of inoculum. 

Insects 
Root Insects 
The cranberry girdler [Chrysoteuchia topiaria (Zeller)] 
is a problem in bareroot nurseries adjacent to pastures 
and rye grass fields (Triebwasser and Overhulser 198 1). 
Populations are established each year by invasion of 
migrating adults on 2+0 seedlings of Douglas-fir, Shasta 
red fir, grand fir, noble fir, larch, and spruce in Idaho, 
Washington, Oregon, and northern California (Kamm 
etal. 1983; Overhulser and Morgan 1989). Oviposition 
takes place in June and July with subsequent larval 
damage in August through October. The lesser com- 
stalk borer [Elasmopalpus lignosellus (Zeller)] is an 
agricultural pest which periodically produces girdling 
damage on at least 10 species of seedlings in southern 
nurseries. The larvae of both species feed on the bark of 
the main stem just below the ground surface. Their 
feeding damage is usually discovered during lifting 
operations. In the past, nurserymen have attributed 
girdling damage to strawberry root weevil, cutworms, 
June beetle larvae, and rodents. 

Nursery surveys have identified the cranberry girdler 
as increasing and causing moderate to severe damage in 
several nurseries (Sutherland 1984). Three forest in- 
dustry nurseries in Washington and Oregon have exten- 
sive control programs utilizing treatments of Diazinon 
or Dursban. These nurserymen indicate that without 
control, seedling damage would range from 5 to 15% or 
higher of seedlings in beds adjacent to grass fields. A 
sex pheromone developed for use with the sod web- 
worm in grass seed fields can now be used to monitor 
adult girdler flights into the nursery (Kamm et al. 1983). 

Several older nurseries have reported that the cran- 
berry girdler was not a problem in the 1960s. The 
discontinued use of chlorinated hydrocarbon pesticides 
in the past 15 years may be the reason why cranberry 
girdler damage first began to attract attention in the mid 
1970s and was considered a significant pest in the early 
1980s. 

Several species of weevils that belong to the genera 
Otiorhynchus, Sciopithes, and Nemocestes are large 
flightless beetles that seem to be most abundant in 
containerized nurseries adjacent to agricultural land. 
Larval damage has been reported on true firs. Douglas- 
fir, spruce, hemlock, and red cedar under nursery con- 
ditions (Furniss and Carolin 1977; Dolph 1967; Capizzi 
1990). 

Root weevil larvae are in the soil year round except 
in early summer. Adult weevils lay eggs on the soil near 
host plants during early summer. Larvae hatch within 
21 days, feed on small roots during the summer and 
migrate downward to hibernate in the winter. Estab- 
lished seedlings sustain most of the root damage as the 
larvae migrate upward in the spring. Damage is usually 
characterized by wilting of seedlings in the spring. 

Damage by root weevils has decreased in bareroot 
nurseries, but 6 of 13 containerized nurseries in the 
Northwest reported the presence of weevils. The prob- 
lem has been reported as being spotty and confined to 
older facilities with gravel floors or wooden benches. 

Larvae of the tenlined June beetle [Polyphylla 
decemlineata (Say)] and the European crane fly [Tipula 
paludosa Meigen] are among several insects which 
occasionally damage seedling root systems. They are 
usually classified as being present but a negligible 
problem by nurserymen. Both insects feed upon a wide 
variety of seedling species and are almost exclusively 
restricted to 2+0 bareroot or transplant stock. Tenlined 
June beetle larvae prefer light, sandy soil, and often 
cause extensive damage when associated with green 
cover crops that have been in the field for more than 2 
years or in soil converted from sod to nursery beds. The 
European crane fly, on the other hand, prefers heavier 
soils that are usually associated with a high water table 
or poor drainage. 

Nematodes are one of the most underrated groups of 
pests distributed in forest nurseries throughout the United 
States. In the Western United States alone, 25 nematode 
species are known to cause damage to 19 westem 
conifer species (Riffle and Smith 1979; Viglierchio 
1979). Root-knot nematodes [Meloidogyne spp.] are 
more important in areas with a warm climate, whereas 
lesion nematodes [Pratylenchus spp.] are a more seri- 
ous problem in the cooler climate of the Northem 
United States and are rarely found in the South (Ruehle 
1975; McElroy 1990). Other damaging forest nursery 
nematodes are pine cystoid nematodes [Meloidodera 
spp.], lance nematodes [Hoplolaimus spp.], stunt nema- 
todes [Tylenchorhynchus spp.], stubby-root nematodes 
[Trichodorus spp.], and the dagger nematodes 
[Xiphinema spp.] (Peterson 1962; Ruehle et al. 1966; 
Peterson and Riffle 1986). Cultural practices have a 
definite influence on the presence of nematodes. There- 
fore, careful consideration should be given to the inter- 
action between green manure crops and the potential 
increase in nematode populations (McElroy 1972). Soil 
fumigation and rotation of nonhost seedlings are gener- 
ally recommended for control and to alleviate symp- 
toms of reduced growth. 
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Stem and Foliage Insects 
In the early 198Os, Lygus hesperus Knight caused shoot 
deformation and tip die-back on Douglas-fir seedlings 
in several nurseries in the Willamette Valley of Oregon 
(Schowalter et al. 1986). In 1982, damage to 2+0 
seedlingsranged between 20and 70% at Weyerhaeuser’s 
Co. Forest Nursery at Aurora, Oregon. Damage fre- 
quency and height reduction have been associated with 
seed source (Schowalter and Stein 1987). The tarnished 
plant bug [Lygus lineolaris (Palisot de Beauvois)] fre- 
quently becomes a pest on loblolly pine or hybrid 
poplars in southern nurseries. Damage frequently re- 
sults in multiple-top seedlings which are culled at the 
time of lifting. 

Emphasis on aphid damage in recent surveys prob- 
ably resulted from increased awareness of aphids and 
not on actual increase in damage. However, some 
aphids are newly introduced pests from foreign coun- 
tries. A honeysuckle aphid [Hyadophis tatricae 
(Aizenberg)] native to Russia was first reported in Lake 
County, Illinois, in 1979 and is now found throughout 
the Midwest and the Great Plains (Herman and Chaput 
1989; Boisvertetal. 1981). Awoollyfraphid [Mindarus 
victoria Essig] from Victoria, British Columbia, de- 
scribed in 1939 is now a serious pest on white fir nursery 
seedlings and Christmas tree plantations in central 
California (Stein and Haverty, 1990). 

In the past, aphids were found in bareroot nurseries 
and rarely on containerized stock. In recent years the 
trend has been reversed. Both the apple aphid [Aphis 
pomi DeGeerl in Pennsylvania and the leafcurl ash 
aphid [Prociphilus fraxinifolii (Riley)] in Colorado are 
pests in containerized nurseries. 

Several species of the family Noctuidae occur inter- 
mittently in forest nurseries. The redbacked cutworm 
[Euxoa ochrogaster (Guenee)], the darksided cutworm 
[E.  memoria (Harris)], E .  excellens Grote, and the 
varigated cutworm [Peridroma saucia (Hubner)] are 
the most frequently encountered (Sutherland and Van 
Eerden 1980). Larvae of all these species are similar in 
habits and attack only 1+0 seedlings. Most damage 
occurs during the spring and early summer in both 
bareroot and containerized nurseries. Approximately 
half of the nurserymen producing container stock in the 
Pacific Northwest applied control treatments for cut- 
worms. Management practices such as sawdust mulch 
may influence population levels by providing a more 
favorable environment in which the larvae hide during 
daylight hours. 

The seedcom maggot [Delia platura (Meigen)] 
causes an occasional loss of seedlings in the Pacific 
Northwest. Larvae burrow inside the stem near the root 
collar of coniferous seedlings in early spring soon after 
germination. Maggot damage is often mistaken for 

damping-off or heat scald. Larvae have occasionally 
infested Douglas-fir and Sitka spruce in Washington 
and Oregon (Fumiss and Carolin 1977). In the past, 
50% of bareroot Douglas-fir and Sitka spruce seedlings 
have been damaged or killed in a Nisqually, Washing- 
ton nursery. This insect can be controlled by soil 
fumigation. Cultural practices such as delayed planting 
or application of inorganic fertilizers will help reduce 
populations occurring in nurseries near heavily infested 
agricultural crops (Keen 1952). 

Some insects are opportunistic and feed on nursery 
crops adjacent to naturally infested forests. Several 
species of sawflies [Neodiprion spp., Diprion similis 
(Hartig), Anoplonyx occidens Ross, Pikonemu alaskensis 
(Rohwer)] produce occasional damage to fir, pine, and 
spruce throughout the United States (Morris and Hoffard 
1989). The cottonwood leaf beetle [Chrysomela scripta 
Fabricius] is a serious defoliator of poplars and willows 
in the southern nurseries. Stunted growth and reduced 
cutting yield are often associated with defoliation and 
twig damage (Oliveria and Solomon 1989). Other 
sporadic defoliators include theelm leafbeetle [Pyrrhalta 
luteola (Muller)] on elms in Colorado and the gypsy 
moth [Lymantria dispar (Linnaeus)] on oaks in Ohio, 
when outbreaks occur in the vicinity of the nurseries. 

Mites, found on many tree species are characterized 
by populations that fluctuate widely but seldom warrant 
control measures. Heavy infestations cause premature 
yellowing, needle fall, and predisposition to damage by 
disease. These heavy infestations are usually associ- 
ated with hot, dry conditions and a frequent insecticide 
spray schedule which eliminate natural predators. 

Ford and Barry (1989) ranked the spruce spider mite 
[Oligonychus ununguis (Jacobi)], the conifer spider 
mite [O. coniferarum (McGregor)], and the southem 
redmite [O. ilicis (McGregor)] as the three most impor- 
tant mite species on nursery seedlings. Recently the 
honeylocust spider mite [Platytetranychus multidigitali 
(Ewing)] and a rust mite [Aculops sp.] were serious 
pests of containerized honeylocust in the central Rocky 
Mountains. 

Damage from wood borers is most common in the 
Southeast. Cottonwood and willow are the major hosts 
for the cottonwood borer [Plectrodera scalator (Fab- 
ricius)] and the clearwing borer [Paranthrene dollii 
(Neumoegen)]. Infestations produce stunted growth 
and injured terminals resulting in multiple forked tops 
and reduced cutting yields (Solomon 1989). Late fall 
plowing and cover crop rotation will usually reduce 
borer populations. The Nantucket pine tip moth 
[Rhyacionia frustrana (Comstock)] has been reported 
as a serious pest on containerized stock of loblolly and 
other species of pine in North Carolina and Oklahoma 
nurseries. 
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Abstract 
Diseases and insects affecting forest nursery seedling production in western Europe are described along with 
management practices that are being used to reduce losses from these pests. Major diseases covered include seed- 
borne diseases, soil-borne diseases such as damping-off and Phytophthora root rot, and gray mold (Botrytis cinerea). 
The section on nursery insects contains several tables that summarize information such as hosts affected and type 
of damage. 

Resume 
On dkcrit les maladies et les insectes qui ravagent la production de semis dans les pkpinikres forestikres de l’ouest 
de 1’Europe ainsi que les pratiques de gestion mises en oeuvre pour rkduire les pertes occasionnkes par ces agents 
nuisibles. Parmi les principales maladies traitkes figurent les maladies transmises par les semences, les maladies 
transmises par le sol comme la fonte des semis et la phytophtoriose des racines, et la moisissure grise (Botrytis 
cinerea). La partie consxrke aux insectes des pkpinikres contient plusieurs tableaux dans lesquels on rksume 
l’information connue, comme les h6tes touches et le type de dommages. 

Introduction 
The occurrence of diseases and insects is related to 
numerous factors such as the crop system, site condi- 
tions, and cultural practices. In western Europe, most 
seedlings are produced under a wide variety of condi- 
tions in bareroot nurseries, so forest nursery managers 
have to be aware of the threat of diseases and insects to 
seedling production. Our purpose here is to give an 
overview of the main diseases and insects currently 
affecting seedling growth or causing seedling mortality 
in western European forest nurseries. 

Diseases in forest nurseries 
Diseases of seeds 
Seeds may carry pathogens that kill the seeds or subse- 
quently damage seedlings, especially conifers. In west- 
ern Europe, little work has been done in this field, but 
three categories of seed-borne fungi have been distin- 
guished: (i) fungi of common occurrence such as 
species of Penicillium, Aspergillus, Mucor, Rhizopus, 
Cladosporium, Alternaria, Stemphylium, Chaetomium, 
Trichoderma and Trichothecium, which are usually 
considered as saprophytes, but which can under certain 

conditions reduce germination; (ii) pathogenic fungi 
which are host specific, infecting seeds and seedlings 
such as Phomopsis occulta on Juniperus virginiana and 
Larix leptolepis, Sphaeropsis sapinea, or Ciboria 
batschiana on acorn, and Seiridium cardinale on 
Cupressus; and (iii) pathogenic fungi (usually not host- 
specific) such as Fusarium spp., Rhizoctonia solani, 
Botrytis cinerea, and Phoma spp. which cause pre- 
emergence and post-emergence damping-off. 

Losses from these fungi can be reduced by dressing 
or coating seeds with various fungicides, or by special 
treatments such as thermotherapy forblack rot of acorns. 
Early collection of seeds followed by drying to low 
moisture content and storing at low temperatures is 
sometimes recommended. Seed health testing allows 
detection of seed-bome microorganisms and allows 
heavily infested seedlots or diseased seeds to be dis- 
carded. 

Soil-borne diseases: damping-off 
and rot rot of seedlings 
Pre-emergence and post-emergence damping-off, re- 
sulting from the attack of soil-inhabiting fungi, are well 

117 



known diseases in coniferous nurseries in Europe. Spe- 
cies of Pythium and Fusarium and Rhizoctonia solani, 
appear to be the main fungi involved in damping-off. 
These fungi are commonly present in nursery soils, but 
occurrence of a particular pathogen and severity of 
damping-off vary greatly according to the site, climatic 
conditions, and year. Species of Pythium are the main 
cause of damping-off in cool (15-20°C) alkaline and 
neutral soils. In contrast, F. oxysporum and F.  solani are 
more prevalent in acid soils at higher temperatures (25- 
30°C). Rhizoctonia solani is favored also by high 
temperature but it seems not to be affected by edaphic 
factors. 

Root rot damage such as destruction of lateral roots 
and stunting is less known and often underestimated 
because only afew seedlings are killed. First symptoms 
appear on the shoot and include chlorosis of terminal 
needles followed by all needles becoming flaccid then 
brown and sometimes driedout. These shoot symptoms 
are the result of root damage. Diseased root systems 
have few laterals and the roots are often dark brown, 
swollen, and lack white root tips. The root system is 
usually deformed. Root necrosis is caused by the same 
fungi involved in damping-off although Fusarium 
oxysporum and Cylindrocarpon destructans are the 
most common pathogens. 

Information on susceptibility of tree species to damp- 
ing-off and root rot is scarce, though most coniferous 
species are known to be affected to some extent. Spe- 
cies of pine, especially Pinus nigra and P .  halepensis, 
and larch are more susceptible than Douglas-fir, spruce, 
and fir. Members of the family Cupressaceae appeared 
to be resistant. The so-called damping-off or seedling 
blight of beech, caused by Phytophthora cactorum, 
sometimes occurs in nurseries. 

To improve disease diagnosis we developed biotests 
for determining soil infectivity in the laboratory prior to 
seed sowing, plus a special method to be carried out in 
the field by nursery managers. Soil fumigation is the 
most effective control, but it eliminates mycorrhizal 
fungi. Fungicide drenches or seed dressings give good 
control of Pythium spp. and Rhizoctonia solani but are 
inefficient against Fusarium spp. 

Phytophthora root rot 
Different species of Phytophthora may attack the roots 
of woody plants in the nurseries of western Europe. The 
most widespread and harmful species is undoubtedly P. 
cinnamomi which damages Castanea sativa, Fagus 
sylvatica, Quercus rubra, and various species of 
Cupressaceae. Crown symptoms are typical of root 
diseases in general. In broadleaf seedlings, leaves may 
be abnormally small, yellow, or sparse over part or all 

of the crown, finally becoming brown. Fluid may exude 
from affected bark at the base of the shoot (ink disease). 
Careful examination reveals symptoms more specific to 
Phytophthora root diseases. Portions of roots closest to 
the main stem may be dead, whereas more distal parts 
may be unaffected. Rot may extend up the shoot for a 
few centimetres. Although these symptoms are indica- 
tive of Phytophthora root rot, disease confirmation 
depends upon laboratory isolation of the pathogen from 
recently infected tissues. 

Sanitation is one of the better practices for control of 
Phytophthora root diseases in the nursery, e.g. destroy- 
ing infected plants, soil disinfection, and regulating 
diseased planting stock. Use of fungicides such as ethyl 
phosphonate, etridiazole, and furalaxyl is also helpful. 

Shoot and needle diseases 
Gray mold 
Gray mold, caused by Botrytis cinerea, has a very wide 
host range and occurs both as a saprophyte and parasite 
on almost every plant species, sometimes causing se- 
vere damage. Gray mold occurs in both the nursery and 
on cold-stored stock. Damage is most severe on con- 
tainer-grown seedlings. Conifer seedlings commonly 
exhibit a top dieback with a yellowing and later brown- 
ing of needles. Some needles may fall but many remain 
hanging on the shoots and the black sclerotia of B. 
cinerea may develop on them. The fungus produces a 
fine web of gray-brown mold; it colonizes dead plant 
material and spreads to living plants. Its ability to grow 
at low temperatures enables the pathogen to damage 
plants under snow cover and in cold storage. In Europe, 
attacks by B. cinerea are sporadic. All the common 
conifers are susceptible: spruce, larch, Douglas-fir, 
Scots pine, and Corsican pine. Most damage occurs 
during the first year of plant growth. Gray mold 
outbreaks take place within a narrow range of condi- 
tions, including unseasonable freezing weather and 
high humidities. Dense seedling stands contribute to 
the problem. 

Routine spraying of fungicides may be necessary in 
nurseries or in crops in which the disease is trouble- 
some. Reducing the density of seedling stands, improv- 
ing lighting, reducing humidity, and avoiding condi- 
tions favorable for gray mold help overcome the dis- 
ease. 

Minor diseases 
Nunlerous other diseases occasionally affect forest nurs- 
ery seedlings. The most common of these diseases 
recorded over the past decade are: (i) Pestalotia spp. on 
conifers associated with strangling disease probably 
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caused by high temperatures at collar level, (ii) seedling 
blight caused by Phomopsis occulta on spruce and pine, 
(iii) needle cast on pine caused by Lophodermium spp. 
(L. seditiosum) and on larch by Meria laricis, (iv) 
needle rust on pines, (v) needle blight caused by 
Dothistroma pini on species of pine, (vi) mildew and 
powdery mildew on various broadleaved trees such as 
oak, ash, and maple, (vii) Dothichiza bark necrosis and 
Cytospora dieback of Populus and (viii) minor leaf 
pathogens (Marssonina, Gloeosporium, Septoria, 
Gnomonia, and Sclerotinia) on various hardwood spe- 
cies. 

Disease management 
During the last decade forest nursery practices have 
improved greatly. Consequently, the importance of 
certain diseases has changed and modified the scope of 
phytosanitary problems. Soil fumigation, for example, 
has decreased the incidence of soil-bome diseases, but 
the importance of seed-borne fungi has increased. On 
the negative side, new problems related to the lack of 
mycorrhizae have appeared. 

In the future, updating of information on nursery 
disease identification must be a top priority and we must 
continuously improve our knowledge to provide nurs- 
ery managers with recommendations for integrated 
management. Biological control through mycorrhizal 
association could soon be important for controlling soil- 
bome diseases in forest nurseries. 

Insects in forest nurseries 
In westem Europe, few specific studies have been made 
regarding insects which attack forest nursery seedlings. 
Instead, efforts have concentrated on pests in estab- 
lished field plantations since most of these pests gener- 
ally also affect small nursery plants. Consequently, an 
information gap exists regarding nursery insects, so it is 
important to increase research on detection, identifica- 
tion, and control of insects affecting nursery seedlings. 

In European countries with mainly mediterranean 
climates, such as Spain, several insects attack nursery 
seedlings. Agenjo (1964) and Bachiller et al. (198 1) 
refer to approximately 30 such insects and categorize 
them according to the plant they attack and the damage 
they cause (Table 1). 

Of the insects in Table 1, the greatest damage is 
caused by Dicranura vinula, Leucoma salicis, 
Paranthrene tabaniformis, Gypsonoma aceriana, 
Cryptorhynchus lapathi, Thaumetopoca pityocampa, 
Rhyacionia duplana, and all insects that destroy roots. 
In 1982, there was an intense attack by Otiorhynchus 
sulcatus on Pittosporum and Evonymum omamental 
plants at a Madrid nursery (Notario et al. 1983). This 

insect has been described in the USA (Schread 1972; 
USDA 1980) as causing serious damage to species of 
Taxus and Tsuga and Juniperus horizontalis. There 
have been occasional attacks by Apantele megacephala, 
Lithocolletis populifoliella, Dioryctria nivaliensis (on 
Pinus insignis on the island of Tenerife), Prodenia 
littoralis (in aeucalyptus nursery in Huelva), and Plusia 
gamma (on Pinus halepensis at a nursery on Sierra 
Espufia, in the province of Murcia). 

In 1973, Cedrobium laportei was found in Spain 
(Notarioetal. 1984), andin 1978 Cinaracedriappeared 
for the first time in that country (Notario et al. 1978). 
Both of these insects are causing considerable damage 
to cedars (all ages), thus seriously affecting the nurser- 
ies in which these conifers are grown. For unknown 
reasons, in the 1980s, newly reforested areas, estab- 
lished pine plantations, and sometimes nurseries in 
certain regions of Spain suffered severe damage from 
species of the Lachnidae family (Binazzi et al. 1983). 
Notario (not published) detected Cinara maritimae 
infesting small plants in Madrid and Jaen. 

In England, with its Atlantic climate, Bevan (1987) 
gives data on those insects damaging nursery seedlings. 
He lists 19 species of insects and categorizes them 
according to the age and part of the plant that they attack 
(Table 2). 

Bevan also refers to species of insects that damage 
trees of all ages (including nursery seedlings). The most 
damaging are listed in Table 3. 

Nef (1982, 1983), in Belgium, refers to the Co- 
leoptera Otiorhynchus sulcatus and Strophosoma spp. 
as damaging potted plants and to the chrysomalid Co- 
leoptera Zeugophoraflavicollis and to the Lepidoptera 
Leucoma salicis, Stigmella trimaculella, Gypsonoma 
aceriana, and Phyllocnistis suffusela as causing consid- 
erable damage to nursery-grown poplars. Nef considers 
Phyllocnistis suffusela, a leaf-mining insect, to cur- 
rently be the most harmful of these insects. He is 
attempting to find an effective control for this insect. 

The above gives an overview of the insects which 
commonly affect forest nursery seedlings throughout 
westem Europe. However, it is not possible to make 
general statements which are applicable to all European 
countries. With certain exceptions (such as in the case 
of Otiorhynchus and certain others), occurrence of such 
insects depends upon numerous factors including cli- 
mate and presence of host species. However, through- 
out the area very few species of insects are host-specific 
to nursery plants. Also, new pests are constantly being 
detected, such as plant lice and Phyllocnistis suffusela. 
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Table 1. Host(s), type of damage and insects. 
Insect order 

Populus spp. 
Defoliation 

Dicranura vinula L. 
Apantele megacephala Schiff. 
Leucoma salicis L. 
Smerinthus ocellata L. 

Paranthrene tabaniformis Rott. 
Aegeria apiformis C1. 
Gypsonoma aceriana Dup. 
Cryptorhynchus lapathi L. 

Lithocolletis populifoliella Tr. 

Trunk borer 

Leaf mining 

Pinus spp. 
Defoliation 

Thaumetopoea pityocampa Schiff. 
Shoot and stem borer 

Rhyacionia buoliana Schiff. 
R.  duplana Schiff. 
Petrova resinella L. 
Dioryctria nivaliensis Rbl. 

Prodenia littoralis B 
Root feeder 

Eucalyptus spp. 
Defoliation 

Plusia gamma L. 

Populus and Pinus spp. 
Root feeder 

Gryllotalpa grylloptalpa L. 
Melolontha melolontha L. 
M. hippocastani F. 
Anoxia villosa F. 
Polyphylla full0 F. 
Amphimallus pini 01 
Rhyzotrogus spp. 
Agriotes spp. 
Melanotus spp. 
Otiorhynchus spp. 
Tipula spp. 

Lepidoptera Coleoptera Orthoptera Diptera 

X 
X 
X 
X 

X 
X 
X 

X 

X 

X 
X 
X 
X 

X 

X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 
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Table 2. Insects damaging nursery seedlings in England. 

Plant part affected and insect Damaging stage Insect order 

Needles 
Argyrotaenia pulchellana Haw. 
Strophosoma melanogramma 
Otiorhynchus singularis L. 

Leaves and shoots 
Phyllaphis fagi L. 
Myzus cerasi F. 
Neuoterus quercusbaccarum 
Strophosomus melanogrammus 
Otiorhynchus singularis L. 

Roots 
Agrotis segetum Schiff. 
A. exclamationis L. 
Noctua pronuba L. 
Hepialus humuli L. 
Barypeithes araneiformis Schr. 
B. pellucidus 
Melolontha melolontha L. 
Serica brunnea 
Phylloptha horticola 
Otiorhynchus ovatus L. 
Bibio spp. 

Larva 
Adult 
Adult 

Adult & Nymph 
Adult & Nymph 

Larva 
Adult 
Adult 

Larva 
Larva 
Larva 
Larva 
Adult 
Adult 
Larva 
Larva 
Larva 
Larva 
Larva 

Lepidoptera 
Coleoptera 
Coleoptera 

Hemiptera 
Hemiptera 
Hymenoptera 
Coleoptera 
Coleoptera 

Lepidoptera 
Lepidoptera 
Lepidoptera 
Lepidoptera 
Coleoptera 
Coleoptera 
Coleoptera 
Coleoptera 
Coleoptera 
Coleoptera 
Diptera 

Table 3. Insects damaging trees of all ages (including nursery seedlings) in England. 

Hosts (genus), damage and insects Damaging stage Insect order 

Alnus 
Leaf mining 

Nematus pavidus 
Hemichroa crocea 

Betula 
Leaf mining 

Alnetoidea alneti Dahlb. 
Nematus melanaspis 
Hemichroa crocea 
Operophtera fagata Scharf. 
0. brumata L. 
Phyllobius spp. 
Lochmaea capreae L. 

Larva 
Larva 

Hymenoptera 
Hymenoptera 

Nymphs and adults Hemiptera 
Larvae Hymenoptera 
Larvae Hymenoptera 
Larvae Lepidoptera 
Larvae Lepidoptera 
Adults Coleoptera 
Larvae and adults Coleoptera 
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Table 3 (cont'd). 

Hosts (genus), damage and insects Damaging stage Insect order 

Fagus 
Leaf mining 

Phyllaphis fagi L. 
Rhynchaenus fagi L. 

Nymphs and adults 
Larvae and adults 

Populus 
Leaf mining 

Alnetoida alneti Dahlb. 
Nematus melanapsis 
N. pavidus 
N. salicis 
Trichiocampus viminalis L. 

Leaf and shoot mining 
Phyllodecta vitellinae L. 
P. vulgatissima 
Chrysomela populi L. 

Cryptorhynchus lapathi L. 
Saperda populnea L. 

Cerura vinula L. 

Wood boring 

Leaf mining 

Salix 
Leaf mining 

Alnetoidia alneti Dahlb. 
Nematus melanapsis 
Trichiocampus viminalis L. 
Lochmaea capreae L. 

Galerucella lineola F. 
Plagiodera versicolora Laich 

Saperda populnea L. 
Cryptorrhynchus lapathi L. 

Leaf and shoot mining 

Wood boring 

Sorbus 
Dysaphis aucupariae 

Abies 
Needle feeding 

Needle and shoot feeding 
Adelges nordmannianae Eck. 

A .  piceae Ratzb. 

Cedrus 
Shoot mining 

Cedrobium laportei Rem. 

Nymphs and adults 
Larvae 
Larvae 
Larvae 
Larvae 

Larvae and adults 
Larvae and adults 
Larvae and adults 

Larvae 
Larvae 

Larvae 

Nymphs and adults 
L a m e  
Larvae 
Larvae and adults 

Larvae and adults 
Larvae and adults 

Larvae 
Larvae 

Nymphs and adults 

Nymphs and adults 

Nymphs and adults 

Nymphs and adults 

Hemiptera 
Coleoptera 

Hemiptera 
Hymenoptera 
Hymenoptera 
Hymenoptera 
Hymenoptera 

Coleoptera 
Coleoptera 
Coleoptera 

Coleoptera 
Coleoptera 

Lepidoptera 

Hemiptera 
Hymenoptera 
Hymenoptera 
Coleoptera 

Coleoptera 
Coleoptera 

Coleoptera 
Coleoptera 

b 

Hemiptera 

Hemiptera 

Hemiptera 

Hemiptera 

122 



Table 3 (cont’d). 

Hosts (genus), damage and insects Damaging stage Insect order 

Juniperus 
Needle mining 

Dichomeris marginella F. 

Larix 
Needle feeding 

Needle and shoot mining 
Adelges laricis Vall. 

Zeiraphera diniana Guen. 

Picea 
Needle feeding 

Shoot feeding 
Elatobium abietinum Walk. 

Adelges abietis L. 
Cinara pilicornis 

Epinotia manana 
E. tedella C1. 
Orgyia antiqua L. 

Needle and shoot mining 
Zeiraphera diniana Guen 

Needle mining 

Pinus 
Needle mining 

Cinara pini 
Root mining 

Stagona pini 
Needle and shoot mining 

Zeiraphera diniana Guen. 
Needle mining 

Orgyia antiqua L. 
Thecodiplosis brachyntera Schwaegr. 

Tomicus piniperda L. 

Dendroctonus ponderosae Hopk. 

Shoot and stem mining 

Stem mining 

Pseudotsuga 
Needle feeding 

Adelges cooleyi Gill. 

Larvae 

Nymphs and adults 

Larvae 

Nymphs and adults 

Nymphs 
Nymphs and adults 

Larvae 
Larvae 
Larvae 

Larvae 

Nymphs and adults 

Nymphs and adults 

Larvae 

Larvae 
Larvae 

Larvae and adults 

Larvae 

Nymphs and adults 

Lepidoptera 

Hemiptera 

Lepidoptera 

Hemiptera 

Hemiptera 
Hemiptera 

Lepidoptera 
Lepidoptera 
Lepidoptera 

Lepidoptera 

Hemiptera 

Hemiptera 

Lepidoptera 

Lepidoptera 
Diptera 

Coleoptera 

Coleoptera 

Hemiptera 
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Abstract 
The development of integrated approaches to disease management that incorporate biological control methods will 
hopefully decrease the reliance on chemical usage in the environment. Appropriate cultural practices that maintain 
or encourage disease suppressive microbial populations can be integrated into plant production systems. Further- 
more, the selection and assessment of microorganisms for disease control, utilizing sensible isolation protocols and 
effective inplanta screening assays can result in the development of microbial inoculants. Protection of the infection 
court and/or the reduction of pathogen inoculum can slow down disease progression and these situations have been 
observed in many biological control systems. Mechanisms which are active in biological control may include 
competition for space or nutrients, antibiosis, siderophore production, parasitism or predation, and induced host 
resistance or hypovirulence. The major concepts and principles of biological control of plant pathogens are 
highlighted in this review as well as strategies to develop a biological control research program. Examples 
emphasize the biological control of pathogens of woody plants, including conifer seedlings. 

Lklaboration de mkthodes rationnelles de gestion des phytopathologies faisant appel aux biopesticides permettra 
kventuellement de rtduire notre dkpendance B l'kgard des produits chimiques. Les systbmes de phytoproduction 
pourraient intkgrer des pratiques de culture faisant intervenir des biopesticides dans la lutte contre les maladies des 
plantes. En outre, la sClection et l'kvaluation de micro-organismes pour la lutte contre les maladies, dans la mesure 
oil elle fait intervenir des protocoles disolation rationnels et des Cpreuves sklectives in planta, pourrait conduire B 
l'klaboration de vecteurs dinoculation microbiens. Comme on a pu l'observer dans nombre de sysdmes de lutte 
biologique, la protection du foyer dinfection et la rkduction de l'inoculat pathoghe peuvent ralentir la propagation 
de la maladie. Parmi les phknombnes intervenant dans la lutte biologique, citons la lutte pour l'espace et les 
nutriments, l'antibiose, la production de sidkrophores, le parasitisme ou la prkdation et l'immunologie induite ou 
l'hypovirulence. Lauteur fait une revue des grands principes de la lutte biologique antiphytopathoghe et des 
strategies de dCveloppement d'un programme de recherche sur les biopesticides. Lttude est ttayCe d'exemples de 
lutte biologique appliquke aux maladies des plantes ligneuses, notamment des semis de conifires. 

Introduction 
Biological control of plant pathogens, insect pests and 
weeds has gained considerable attention over the last 20 
years. Much of this interest stems from the desire to 
decrease the use of pesticides in agricultural, forest and 
urban environments. The development of integrated 
approaches to disease and pest management that incor- 
porate biological control methods will hopefully assist 
in safeguarding the environment while maintaining 
plant productivity. This symposium paper will focus on 
the biological control of plant pathogens. Major con- 
cepts and principles of biological control will be high- 

lighted (Baker and Cook 1974; Papavizas and Lumsden 
1980; Schroth and Hancock 1981; Cook and Baker 
1983; Baker 1987; Weller 1988) as well as possible 
strategies to develop a biological control research 
program (Baker and Cook 1974; Cook, 1982; Cook and 
Baker 1983; Linderman et al. 1983). Examples will 
emphasize the biological control of pathogens of woody 
plants including conifer seedlings. 

Biological control can be defined as the reduction of 
the amount of inoculum or the disease producing activ- 
ity of the pathogen accomplished through one or more 
organisms other than man (Cook and Baker 1983). 
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Early historical observations indicated that the biologi- 
cal balance in soil could be altered to favor biological 
disease control by making changes to the soil such as 
altering the soil organic matter, by adding a disease 
suppressive soil to a conducive soil, or by introducing 
selected antagonistic microorganisms into soil (Cook 
and Baker 1983). One of the earliest examples of the 
influence of altering the microbial balance in soil on 
subsequent disease development was made by Hartley 
(1921) while studying damping-off of pine seedlings 
(Pinus banksiana, P. ponderosa) caused by Pythium 
debaryanum. The incidence of damping-off when 
Pythium was added to non-treated nursery soil was 
35.8% compared to 100% damping-off when P. 
debaryanum was added to autoclaved nursery soil. 
Hartley hypothesized that the native microflora in nurs- 
ery soil may have inhibited disease development by 
Pythium and the incidence of disease increased when 
this microbial component was eliminated by steriliza- 
tion. Disease was also decreased when autoclaved soil 
was amended with Pythium plus additional saprophytes 
(Phoma, Chaetomium, Rhizopus, Trichothecium, 
Trichoderma, Aspergillus, Rosellinia and Penicillium, 
one unidentified bacterium and three unidentified fungi). 
Hartley concluded that the competition of saprophytes 
with Pythium may provide some disease protection for 
pine seedlings planted in heat disinfected soil. Subse- 
quent examples in this review will substantiate the 
involvement of antagonistic microorganisms in bio- 
logical control. 

Biological control mechanisms 
The reduction of plant disease through biological means 
can result from 1) reduction of pathogen inoculum, 2) 
protection of the infection court, 3) reduction of infec- 
tion of the host, or 4) a reduction of disease progression 
or severity (Cook 1982; Cook and Baker 1983). A major 
mechanism which plays a role in many biological 
control situations is the competition for nutrients as well 
as space; this can result in niche exclusion of the 
pathogen. An example of a specialized form of nutrient 
competition which has offered disease protection in 
some plant/pathogen systems involves the production 
of siderophores (Leong 1986; Loper 1988). Siderophores 
are iron-chelating compounds which are produced by 
some biological control microorganisms and can cause 
iron deprivation of the pathogen. Additional mecha- 
nisms which may be involved in biological control 
include antibiosis (Fravell988; Thomashaw and Weller 
1988), parasitism or predation (Papavizas and Lumsden 
1980), induced host resistance or cross protection (Kuc 
1982; Palukaitis and Zaitlin 1984) and hypovirulence 
(Van Alfen and Hansen 1984; Fulbright 1990). It is very 
important to keep in mind that several mechanisms may 

operate jointly to reduce disease through biological 
control and it is difficult to determine the mechanisms 
which are most influential. Furthermore, microbial com- 
munities are complex and several members of the 
community are most likely active in decreasing disease 
development or progression. 

Several of the above mechanisms can be illustrated 
using examples of biological control of diseases affect- 
ing woody plants. One of the classic examples of 
biological control deals with the control of crown gall 
disease caused by Agrobacterium tumefaciens (Ken 
1980; Cooksey and Moore 1982). This soilborne bacte- 
rial pathogen invades the plant through wounds such as 
those created by root pruning or when bareroot nursery 
stock is dug. This disease affects a wide range of woody 
and herbaceous plants. The biological control organism 
Agrobacterium radiobacter K84 has been used effec- 
tively for disease control by inoculating plant wounds 
prior to transplanting. Agrobacterium radiobacter K84 
produces a bacteriocin which inhibits the growth of A.  
tumefaciens and bacteriocin production is thought to 
play a role in biological control. Equally important is 
protection of the infection court by A. radiobacter K84. 
Agrobacterium tumefaciens and A. radiobacter K84 are 
closely related organisms and occupy common niches 
during saprophytic growth in the soil. These factors 
may assist A. radiobacter K84 in being better able to 
compete with A. tumefaciens on plant surfaces. Com- 
mercial inoculants containing A. radiobacter K84 are 
available in the United States and Australia. 

Another example of biological protection of an 
infection court involves inoculating freshly cut tree 
stumps with Peniophora gigantea which inhibits colo- 
nization of the stump by the root rot pathogen 
Heterobasidion annosum (Rishbeth 1963). 
Heterobasidion annosum can cause extensive root rot 
problems in managed forest stands and infects conifers 
such as Douglas-fir (Pseudotsuga menziesii [Mirb.] 
Franco), lodgepole pine (Pinus contorta var. latifolia 
Engelm.), Sitka spruce (Picea sitchensis [Bong.] Carr.) 
and western hemlock (Tsuga heterophylla [Raf.] Sarg.) 
(Morrison etal. 1986). The pathogen infects tree stumps, 
colonizes the roots, and can thereby spread through root 
contact with adjacent trees. The biological control agent 
is a weak pathogen that is unable to infect living trees 
but is an efficient saprophytic colonist of tree stumps. 
Peniophora gigantea is thought to inhibit H. annosum 
through protection of the infection court and possibly 
by hyphal interference (Cook and Baker 1983). This 
biological control agent has been used commercially in 
England, Finland and the United States (Cook and 
Baker 1983). 

The final example that will be reviewed is the 
biological control of chestnut blight caused by the 
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fungal pathogen Endothia parasitica (Van Alfen et al. 
1975; Van Alfen 1982; Anagnostakis 1982; Fulbright 
1990). This pathogen causes cankers in chestnut trees 
(Castanea sativa, Mill.) and has resulted in extensive 
damage and death of trees in Europe and the United 
States. Biological control of this disease is fascinating 
because of the natural occurrence and spread of 
hypovirulent strains of E. parasitica which have been 
effective in reducing the impact of chestnut blight. 
Hypovirulent strains (strains with reduced virulence) 
contain RNA mycoviruses which can be transmitted to 
virulent E. parasitica strains thereby making strains 
receiving the RNA particles hypovirulent. Transfer 
usually occurs between strains from the same compat- 
ibility group. Fewer compatibility groups are present in 
Italy and France compared with the United States and 
therefore biological control of chestnut blight has been 
most successful in Europe. The biological control of 
chestnut blight exemplifies an attempt to eradicate the 
pathogen by decreasing virulence whereas the biologi- 
cal control of Agrobacterium tumefaciens and 
Heterobasidion annosum are examples of protection of 
the infection court. 

The three examples described previously illustrate 
several mechanisms which are involved in biological 
control including competition, antibiosis, antagonism 
and hypovirulence. Microbial competition is a very 
important factor which is usually active in combination 
with other mechanisms. It is important to keep in mind 
that any introduced biological control agent must com- 
pete within microbial communities which may include 
multiple pathogens as well as the resident associative 
microorganisms. These biological components as well 
as abiotic factors are influential in disease development 
and ultimately disease control. Abiotic factors such as 
temperature, soil pH, soil structure, and soil moisture 
can all be major determinants in the effectiveness of an 
introduced biological control agent. 

Biologicat control strategies 
The biological control of plant diseases can include 
many approaches such as the protection of the infection 
court or the eradication of a virulent pathogen as previ- 
ously discussed. Most current research emphasizes pro- 
tective approaches to biological disease control; there- 
fore, this will be the focus for the remainder of the paper. 
It is very important to gain an understanding of the 
disease of interest prior to developing a biological 
control research program. Primary sources of inoculum 
should be known as well as the epidemiology of the 
disease, the disease cycle, and when disease protection 
is most critical. Diseases which require a short window 
of protection, such as damping-off diseases, are easier 
to control biologically than a disease such as Phellinus 

root rot of Douglas-fir which requires a very long 
window of protection. Damping-off diseases cause pre- 
emergence or post-emergence damage and affect seed 
or young seedlings. A small window of protection is 
required during the first month of seedling growth and 
the biological control organism can be applied directly 
onto the seed. The success of disease control is en- 
hanced by introducing the biological control agent in 
the infection court. Requirements of plant tissue coloni- 
zation are minimized since the microorganism is only 
required locally to protect against infection of the seed, 
seedling stem, or root. Disease control may also be more 
readily achieved since extensive root colonization 
throughout the growing season is not required nor is 
survival for long periods of time. 

Biological disease control is much more challeng- 
ing for apathogen such as Phellinus weirii which causes 
root rot of Douglas-fir (Wallis 1976). Disease occurs 
most frequently in young forest stands but can also 
affect young seedlings on regenerating forest lands. The 
inoculum can survive in tree stumps or root debris in 
forest soils for up to 100 years and the disease is spread 
by root-to-root contact. This disease is much more 
difficult to control biologically since a suitable inocu- 
lum delivery system would need to be developed, exten- 
sive root colonization is required to allow for contact 
between the biological control agent and the pathogen, 
and long-term survival of the introduced microorgan- 
ism is required. A more useful approach for control of 
Phellinus may involve looking for a transmissible agent 
to decrease virulence rather than trying to protect the 
host from infection. 

Desirable attributes of biological control microor- 
ganisms 
There are several desirable attributes of biological con- 
trol microorganisms for successful control of soilborne 
diseases (Baker and Cook 1974; Cook and Baker 1983; 
Weller 1988). These include the colonization of plant 
surfaces, competition with the native microflora, main- 
tenance of adequate populations throughout the period 
of disease expression, and survival through adverse 
environmental conditions. The importance of these 
factors may vary depending upon the disease as well as 
the mechanisms which are involved in disease control. 
Additional requirements may also exist such as the 
production of inhibitory metabolites, the induction of 
host resistance, or other factors specific to the mecha- 
nism, or mechanisms, of action. 

Two main approaches to biological disease control 
are the cultural management of resident antagonists and 
the introduction of a biological control agent. 
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Cultural management of resident antagonists 

Resident antagonists have been favored by managing 
cropping practices such as monoculture, tillage, cover 
cropping, incorporating green manure plant debris into 
soil, or altering soil conditions such as pH or moisture 
(Baker and Cook 1974; Cook and Baker 1983). These 
practices may act to reduce the survival of pathogen 
inoculum or enhance the populations of resident an- 
tagonists. These cultural practices exhibit specificity 
and are not strategies which can be used for generalized 
disease control. For example, monoculture has resulted 
in take-all decline of wheat but may enhance disease in 
other plant/pathogen systems. Each disease must be 
explored on an individual basis. 

Establishment of a microbial culture collection 
The development of screening programs to identify 
candidate biological control strains and the introduction 
of these strains into agricultural systems has gained 
considerable attention in recent years. Less emphasis 
has been placed on the biological control of diseases of 
woody plants. Biological control strains known to offer 
effective disease control can be screened against other 
related pathogens to expand the use of the strain. Alter- 
natively, a culture collection can be established for 
disease control of a specific pathogen of interest. Micro- 
bial culture collections can be derived from isolating 
microorganisms from the plant tissues requiring disease 
protection or by developing baiting systems for isolat- 
ing antagonists, parasites or predators. 

Microorganisms should be isolated from healthy 
plants on which diseasedoes not occur, develops slowly, 
or declines after a period of time (Baker 1987). A focus 
should be placed on situations where a susceptible host 
is grown and environmental conditions are conducive 
for disease development but the pathogen is unable to 
incite disease. Therefore, one is looking for microor- 
ganisms that proliferate in a potential infection court 
and are present due to the absence of disease. Logic 
.rules that greater success may be achieved if isolations 
are made from the plant species which requires disease 
protection and from plant tissues requiring protection 
from pathogen infection. For example, if the disease of 
interest is Fusarium root rot of Douglas-fir, isolations 
should be made from the rhizosphere of healthy Dou- 
glas-fir seedlings growing in environments where the 
disease does not occur despite the presence of the 
pathogen. 

Several isolation methods and general or selective 
media can be used to optimize the isolation of diverse 
rhizosphere microorganisms and cultural conditions 
can be designed to favor specific requirements of the 

biological control strain. For example, if protection is 
required against a damping-off pathogen that causes 
disease in cool soils, rhizosphere dilution plates could 
be incubated at the cooler temperature to isolate micro- 
organisms which are metabolically active under those 
environmental conditions. Unique colony types are 
selected from dilution plates and purified. 

An alternate approach utilizes baiting or enrichment 
methods to isolate microorganisms that readily colo- 
nize pathogen propagules such as sclerotia, spores, or 
mycelium (Cook and Baker 1983; Linderman et al. 
1983). The aim is to isolate antagonistic microorgan- 
isms or organisms which may be parasites or predators. 
Baiting methods can be optimized by using soils exhib- 
iting disease suppression. Baiting methods were suc- 
cessfully used to isolate antagonists for the control of 
onion white rot caused by Sclerotium cepivorum 
(Utkhede and Rahe 1980). Sceloria were isolated from 
soil and microorganisms which colonized the sceloria 
were isolated and tested for antagonism and disease 
control. Several isolates were identified which offered 
biological control in field trials. 

Care must be taken to store microbial strains using 
methods that ensure their viability and stability. Bacte- 
ria are often stored at -70°C as cell suspensions contain- 
ing either 15% glycerol or 7% DMSO (Davis et al. 
1980). Alternatively, cells can be lyophilized. Fungal 
strains can be stored in a variety of ways such as in liquid 
nitrogen, by lyophilization, or in sterile soil. Candidate 
strains should be stored using two separate methods if 
there is any doubt in maintaining strain viability and 
stability. If the appropriate equipment is unavailable for 
some of the methods listed above, it would be prudent 
to contact an established culture collection such as the 
American Type Culture Collection and request recom- 
mendations for alternate forms of culture storage. 

Biological control screening programs 
Although many biological control agents produce anti- 
biotics in vitro, it has not been clearly established 
whether or not screening for this attribute helps to 
identify candidate beneficial strains (Fravell988; Weller 
1988). Therefore, it may be more prudent to screen 
strains initially in plant bioassays in the growth cham- 
ber or greenhouse. However, if in vitro antibiosis screen- 
ing is of interest, it is important to screen strains on 
several media and against several pathogen isolates 
since inhibitory compounds may only be detected under 
certain conditions. Inhibition may result from a de- 
crease in the pH of the test media or from nutrient 
competition, and these factors should be kept in mind. 

The development of a plant bioassay screen is of 
utmost importance and should closely resemble condi- 
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tions where disease protection is needed. Natural soils 
that contain the pathogen can be used or soil can be 
infested with a representative pathogen at an inoculum 
level which yields reproducible levels of disease. The 
environmental and cultural conditions should reflect 
the conditions of the disease situation. The disease of 
interest may require a long incubation period prior to 
symptom development and it may be necessary to use 
an alternate screening assay which has a shorter incuba- 
tion time. For example, Fusarium can cause aroot rot of 
conifer seedlings and disease may not appear in con- 
tainer nurseries until the end of the growing season 
(Sutherland et al. 1989; Landis et al. 1990). Fusarium 
is also able to cause seedling damping-off and hypo- 
cotyl rot under some conditions. The development of a 
conifer seedling bioassay targeting on damping-off and 
hypocotyl rot would result in a screening assay with a 

much shorter incubation period. The final step in any 
screening assay is confirmation testing of candidate 
beneficial strains in field trials. Although most screen- 
ing programs focus on the use of individual beneficial 
strains, greater success may be achieved if multiple 
beneficial strains are combined into an inoculant. 

The development and utilization of microbial inocu- 
lants for biological disease control is highly challeng- 
ing. Numerous reports in the literature indicate varia- 
tion in the effectiveness of biological control strains 
under different environmental conditions and among 
different trials. The introduced microorganism must be 
competitive and able to proliferate and survive. The 
identification of the “super bug” is highly unlikely and 
a more practical approach may be integrated disease 
management which includes biological disease control 
strategies to enhance plant health. 
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Abstract 
Over 20 years ago, the Queensland Department of Forestry adopted a strict nursery hygiene scheme to avoid the need 
for soil fumigation for the control of Phytophthora cinnamomi root rot in nurseries producing bare-root Pinus 
planting stock. This system has been used successfully for many years in three important forest nurseries in 
Queensland, one of these being among the larger forest nurseries in Australia. The concept behind the hygiene 
system and some practical aspects of its operation are described. 

Resume 
I1 y a plus de 20 ans, le departement de foresterie du Queensland adoptait un plan rigoureux d'hygibne des cultures 
en ptpinibre afin dkviter l'emploi de produits de lutte contre la phytophtoriose des racines dans les ptpinibres 
cultivant des plants de Pinus B racines nues. Cette mtthode a Ctt utiliste avec succbs pendant de nombreuses anntes 
dans trois grandes pCpinibres du Queensland, dont l'une compte parmi les plus importantes ptpinibres forestibres 
dAustralie. Les auteurs dtcrivent le principe qui sous-tend le plan dhygibne en question et certains aspects pratiques 
de sa mise en oeuvre. 

Introduction 

A serious root rot problem in bare-root Pinus nurseries 
in Queensland caused by the fungus Phytophthora 
cinnamomi Rands, was first recognized in 1958 
(Oxenham and Winks 1963); and by 1963, the 
Queensland Department of Forestry (now the 
Queensland Forest Service) had introduced soil 
fumigation as an operational control measure (Brown 
1985). Initial fumigations utilized methyl bromide 
released under raised plastic sheeting, but following 
experimental studies a 5 0 5 0  mixture of methyl 
bromide:chloropicrin injected at 25 - 30 cm depth, with 
plastic surface cover, became the favored fumigant 
(Brown 1985). 

Severe losses due to P. cinnamomi in one of the first 
areas fumigated experimentally raised an awareness of 
the problem of re-contamination. To prevent re-con- 
tamination occurring in fumigated beds, a strict regime 
was developed for the Queensland Pinus nurseries. In 
essence this was: 

1. use of simple wooden kerbing (on uphill sides, if 
not all around the fumigated area) and simple fencing 
at the perimeter of the treated area, 
2. drainage to prevent water flow into the treated 
area, 
3. an unsown strip left inside the fenced area (45 to 
60 cm wide) - Le., an area larger than the required 
bed space prepared and fumigated, 

4. exclusion of all but necessary entry of personnel 
to the fenced fumigated area, and 
5. use of 5% formalin to clean equipment to be taken 
into the areaand the boots of the personnel who have 
to enter. 
For many years, nursery personnel have been under 

strict instructions to adhere to this regime where fumi- 
gation has been used for Pinus sowings. It is believed 
that the procedures are effective as records of P.  
cinnamomi in fumigated areas have been rare: some of 
those records were undoubtedly due to problems at 
fumigation, e.g., fumigation with soil temperatures too 
low. Fumigation is still used in one small Pinus radiata 
D. Don nursery in Queensland. 

It has been the long-term aim of the Queensland 
Forest Service to produce P.  cinnamomi-free Pinus 
planting stock rather than just to reduce nursery losses. 
Soil fumigation has been and still is regarded as an 
effective, if costly, means of achieving control of P. 
cinnamomi in bare-root nursery production of Pinus 
species for Queensland conditions. However, in the 
tropical to sub-tropical conditions under which the 
Queensland Forest Service produces bare-root Pinus 
planting stock, fumigation led to the growth of large 
succulent seedlings under nursery regimes which did 
not include a mechanical root-wrenching schedule. 
Such a schedule was introduced in the mid-1970s (Ward 
and Simpson 1985; Bacon 1985) but has not been 
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Table 1. Details of the three bare-root nurseries operated by the Queensland 
Forest Service using the hygiene system 

Nursery Major First Gross Net Potential 
crop(') sown area(*) area prod~ction'~) 

~ ~ ~ ~~ ~~ 

Beerbur" PCHPEE 1968 3.9 3.6 900 000 
Toolara PCHPEE 1971 20.6 17.1 4500000 
Ingham PCH 1981 6.5 4.6 1080000 

(1) PCH = P. caribaea var. hondurensis 

(2) hectares . 
(3) Production potential for PCH, that for PEE is 1.3 times higher 

PEE = P. elliottii var. elliottii 

routinely used on Pinus seedlings growing in fumigated 
seedbeds. However, on one occasion during develop- 
ment of the conditioning schedule, there were problems 
in restraining growth of seedling pines in a fumigated 
area, even with frequent root-wrenching (Bacon, per- 
sonal communication). 

During the mid- 1970s the Queensland Department 
of Forestry also became interested in greater mechani- 
zation of nursery activities, particularly at and follow- 
ing sowing. At the time, intensive mechanization such 
as bed-forming and sowing, inter-row cultivation, root- 
wrenching and tractor-mounted boom sprays for 
weedicide or pesticide application were not seen to be 
compatible with fumigation of bed areas (even if large); 
broad-area fumigation would have been necessary for 
disease control if mechanical operations were to follow. 

An alternative to continued use of nurseries known 
to be infested by P.  cinnamomi was to select new 
nursery sites and operate them under a strict hygiene 
system. That course was followed, and this paper 
discusses the history of establishment of the system, the 
conceptual principles that were used in its development, 
and some of the practical aspects and difficulties in- 
volved. 

The history of hygiene nurseries 
in Queensland 

The hygiene nursery system, now employed by the 
Queensland Forest Service, was developed from the 
basic hygiene measures that have been used to avoid re- 
contamination of fumigated nursery beds. The hygiene 
system was first designed in the late 1960s, prior to its 
first use at Beerburrum in southeastern Queensland 
where a new nursery was first sown in 1968. Over the 
years there have been some refinements, but the basic 
system remains the same. Three such nurseries have 
been operated in Queensland (Table 1). Because of 

changes in prefened species, and a greater need for 
container rather than bare-root stock for second rotation 
plantings, there have been changes in these nurseries in 
recent years; however, two of the hygiene nurseries 
remain fully operational. The Beerbur" nursery, 
where the last bare-root crop was lifted in 1989, has 
been retained in an inactive state but with hygiene being 
maintained. It will be available in the future should crop 
needs alter . 

The Beerburrum nursery operated successfully, with- 
out any evidence of P. cinnamomi disease activity, for 
over 20 years. This was despite the known occurrence 
of the fungus in the general area and despite the detec- 
tion of P.  cinnamomi in an adjacent area used for 
expansion and in container stock in another area beside 
the hygiene nursery. The expansion area has been kept 
isolated from the main section; how this was achieved 
is described later in the paper. The present nursery site 
is on the same ridge system, has similar soils, and is only 
about 0.5 km from the first Beerbur" nursery which 
was closed because of severe root rot which developed 
within 10 years of its being opened in 1949. The 
Toolara hygiene nursery is also in a plantation area 
where P .  cinnamomi is known to be widespread and it 
replaced another nursery with severe root rot. It has now 
been used for nearly 20 years without any indication of 
contamination by P.  cinnamomi. 

The hygiene nursery concept 
The hygiene nursery system, as developed by the 
Queensland Forest Service, was intended for use in 
permanent open-bed nurseries where capital costs of 
development and the special structures required to 
maintain hygiene can be amortized over many years. 
The system is also suitable for permanent nurseries 
producing container stock. 
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The essential start to the system is a culturally 
suitable site free from major soil-borne pathogens, P. 
cinnamomi being considered the most important for 
Pinus crops in Queensland. Once an acceptable patho- 
gen-free site has been selected, the biggest risk is seen 
to be the introduction of such pathogens from outside 
the site. Another essential component of the system is 
the use of acceptable cultural practices rather than 
overcropping the nursery beds, as had been the practice 
in Queensland. Thus, the hygiene system was devel- 
oped as an integrated package involving not only exclu- 
sion (quarantine) provisions but also cultural practices 
such as crop rotation and regular deep ripping. 

The components of the hygiene system are: 
1. Site selection, 
2. Initial clearing and construction, 
3. Perimeter fencing, 
4. Access points, 
5.  Water supply, 
6. Nursery bed additives and other nursery 

7. Introduction of mycorrhizal inoculum, 
8. Nursery extensions (beds and/or buildings), 
9. Crop rotation, and 
10. Deep ripping. 

supplies, 

1. Site selection 
Obviously a potential nursery site must meet certain 
criteria with regard to soil conditions, slope, water 
supply, and other cultural requirements. Subject to the 
potential site meeting such criteria, the following hy- 
giene criteria should be applied: 

a. The site should be tested for, and be free of, major 
potential pathogens - in Queensland this applies to 
P. cinnamomi; 

b. Because soil-bome pathogens can be spread by 
water flow, there should not be any drainage from 
outside areas; a raised site which drains outwards 
in all directions is obviously preferable, but exter- 
nal drainage could be constructed. 

2. Initial clearing and construction 
Even during the early stages, restrictions should be 
placed on access to the site. Machinery and vehicles 
which are essential should be free of soil, having been 
cleaned down off-site if necessary. 

3. Perimeter fencing 
The entire nursery site, including headlands and vehicle 
access tracks to be used within the nursery must be 
enclosed by adequate fencing. Nursery sheds and other 
building facilities can be located on the perimeter as part 

of the external enclosure or located within the fenced 
area. In Queensland the fencing is designed to exclude 
machines, vehicles, men and large animals (dogs, 
kangaroos, etc.) but not smaller animals. 

4. Access points 
Access to the nursery must only be via approved sites 
which incorporate fungicidal baths; this must apply 
equally to personnel, machinery and vehicles. 
Equipment and vehicles which are to be taken into the 
nursery must be cleaned down, especially underneath, 
with a high pressure hose and then taken through the 
bath. 

5. Water supply 
One major potential source of pathogens is the water 
supply used within the nursery. Thus, it is important to 
ensure that imgation and other nursery water supplies 
are free of pathogenic fungi. 

There are several options available for sterilizing a 
nursery water supply. A reticulated domestic water 
supply, which is filtered and chlorinated, is quite suit- 
able. Where this source of water is not available, 
possible options are filtration or the use of ultra violet 
light (Palzer 1980; Grech et al. 1989) or chlorination 
(Smith 1979). All three forms of sterilization have 
advantages and disadvantages which should be as- 
sessed in light of the local situation. 

To avoid the risk of phytotoxicity to growing seed- 
lings, consideration should be given to aeration of 
chlorinated water before nursery use. 

6. Nursery bed additives and other nursery supplies 
Special attention should be given to ensuring that there 
is no chance of P .  cinnamomi (or other target pathogens) 
being introduced with materials being taken into the 
nursery. These materials must be clean and free of soil. 
If not, then they must be washed and sterilized. Soil and 
similar materials must be sterilized in some way. 

7. Introduction of mycorrhizal inoculum 
It seems probable that the widespread occurrence of P. 
cinnamomi in Pinus nurseries in Queensland resulted 
from the use of Pinus litter from under plantation areas 
to introduce mycorrhizal fungi into those nurseries. 
Thus, special consideration needs to be given to the 
requirements for inoculation of the new nurseries and, 
if inoculation is required, what form of inoculum would 
be suitable with regard to the hygiene requirements. 
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8. Nursery extensions (beds andlor buildings) 
Extensions to a nursery or the modification of facilities, 
including buildings, water supply or drainage, pose 
problems for the maintenance of hygiene. The disease- 
free status of the original nursery site should be 
maintained at all costs. 

. 9. Crop rotation 
The Queensland Forest Service hygiene system is 
intended primarily for use in open-bed nurseries to be 
operated over a long period of time, preferably without 
the need to introduce soil or bulk organic material. 
Hence, a crop rotation system including green manure 
crops is an important part of the system. The role of the 
cover crop is seen more as a source of organic matter 
than as having a role in weed and erosion control. These 
are aspects that cannot, however, be overlooked. 

Selection of species for the cover crop, and its 
cultivation, should take into account the potential for 
organic-matter production, the risk of large remnants 
which do not decompose readily, and the potential 
disease or pest problems which may follow its use. 

10. Deep ripping 
One of the factors that was believed to lead to the 
development of severe Phyrophthoia root rot in 
Queensland's forest nurseries was the formation of a 
hardpan below the cultivated zone of the bed through 
regular cultivation with tractor-mounted rotary hoes. 
Although the lower cultural activity associated with 
crop rotation practices and reduced use of rotary hoes 
were expected to lessen hard pan development, regular 
deep ripping was included in the schedule to ensure 
good vertical drainage. 

The hygiene nursery in practice 
and the problems 

1. Site selection 
One of the major problems associated with the testing of 
potential nursery sites is the availability of reliable 
pathogen screening systems. At the time that the 
Beerburrum and Toolara sites were being considered, 
isolations for P. cinnamomi were carried out by direct 
root isolations from volunteer Pinus seedlings that were 
scattered across the sites and by soil baiting into green 
apples. By the time that investigations were in progress 
for expansion of the Beerbur" site, and for the Ingham 
site, a double-baiting modification of the Chee and 
Newhook (1965) New Zealand blue lupin isolation 
method allowed for systematic surveying. 

At one small, somewhat isolated Pinus plantation 
center in central Queensland, several potential nursery 

sites were tested for the presence of P .  cinnamomi and 
it was present at all. As a result, plans to replace the old 
infested nursery were abandoned and stock production 
continued for some years using soil fumigation, but 
current planting-stock needs for the area are met from 
the large Toolara nursery using refrigerated transport. 

2. Initial clearing and construction 

There are certainly problems associated with maintaining 
hygiene during the early construction stages, before 
vehicle and machinery wash-down facilities have been 
built. During those stages, there is often need for heavy 
machinery for site clearing and levelling, for installation 
of water supplies and drainage as well as construction of 
the nursery sheds and water storage tanks. It was the 
practice to restrict site access at all times, and prohibit 
access during wet weather, when soil would have been 
readily carried on machinery. Machinery to be used on 
the proposed nursery was free of soil, having been 
cleaned down away from the site. 

Where one of the nursery sites (Ingham) needed 
substantial levelling, soil from within the hygiene bound- 
aries was used, rather than use imported soil with the 
inherent risk of pathogen introduction. 

3. Perimeter fencing 
Construction of the perimeter fencing with associated 
access points was treated as a high priority. Once in 
place, the fence became a major factor in maintaining 
site integrity. Design of the perimeter barrier included 
location of access points and the incorporation of 
buildings. 

4. Access points 
Special consideration has been given to the chemical to 
be used in the foot and vehicle baths through which 
access to the nursery is permitted. Following laboratory 
studies conducted some years ago, the Queensland 
Forest Service continues to use formalin (0.75% 
formaldehyde) for this purpose. 

Tractors and other equipment, used only in the 
nursery, are kept inside the enclosed area. When not in 
use, they are stored in sheds which have access only into 
the controlled area. When a vehicle or machine is to be 
taken into the nursery, careful attention is given to the 
cleaning, even in the cabin, and an inspection is carried 
out before it is allowed to pass through the bath. 

The greatest problems with vehicle access and con- 
trol occur at lifting of the stock, when large numbers of 
seedlings have to be transported away from the beds. 
This has been solved in two ways depending on the 
nature of lifting operations: where plants are packed 
and, if necessary, graded on the bed near the lifting 
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from. Ih~y are packed 11110 tr.ulen; on MIl.'. Tho~ lnader\
ha\ I.' :dread} bt..-en "a~hed do" n oUl:,>id~ Ihe ~lle and are
100~ed imo and OUI ollhe nUl""ef) b} a de;m tr3<:tor
through the fonnalin bath: or \\ ilh the pm\ i..ion of
grading and packing f:}ulillc" on the nUl'er) ~rimeh:r,

pl:m" arc rran"IXlnc.'d lrom th~ lif,,"g frollt 10 lho,e
fac-ihlle ... on p:lllc.'l'>. :md. ah~r grading!pad.. in$ . .lre
loaded 0010 tr.ln,pon Ihrough the ..hl·d 10 the (lu"idl' of
lh~ hygiene are;l,

5. Water SUpp(l'

[I b Quecn.. l:lnd For('~1 Sr:-n'icc policy to u.'>C<:hl~lrillalcd

water supplie.. within hygiene nur~enes. Thi~ i.. "CCIl:l\
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(Table 2).
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Table 2. The growth of Phytophthora cinnamomi after exposure of macerated 
mycelium to a number of sterilants. Each preparation was used at the rate recom- 
mended for use for dirty conditions 

Treatment Chemical@) 
Exposure time 

9% a.i. 15 min 30min 

Control 
Dettol Chloroxylenol 

+ Ethanol 
Safa Benzalchonium chloride 
Quatrasan Benzalchonium chloride 

Refesh Benzalchonium chloride 
Savlon Centrimide 

+ Giguanine hydrochloride 

+ Chlorohexidine gluconate 

+++ +++ 
0.24 

- 0.79 - 
0.15 - - 
0.67 
0.0013 +++ +++ 
0.042 +++ +++ 
0.5 
0.05 +++ +t+ 

~~ 

+++ very good growth - no growth 

with Pinus seed which was sun-dried before being drill- 
sown into seed-beds. That procedure gave good results, 
in contrast to the one occasion when inoculation was 
initially overlooked. Attempts were made to inoculate 
the beds by adding homogenized basidiome to estab- 
lished but mycorrhizal-deficient seedlings in the seed- 
beds; this procedure gave very patchy results, but the 
mycorrhizal fungi did spread with time. 

8. Nursery extensions (beds andlor buildings) 
Beerburrum is the only one of the Forest Service’s 
hygiene nurseries that has been enlarged. Surveys 
detected P. cinnamomi in the proposed extension. More 
detailed sampling was used to establish the distribution 
of the fungus, and then the affected area, along with an 
extensive buffer zone, was treated with metalaxyl. The 
original nursery fencing was left in place and the exten- 
sion was operated as a separate unit. Only one-way 
access was permitted from the original section to the 
extension and from there to the outside and back into the 
original nursery via the perimeter baths. 

During construction of additional perimeter facili- 
ties it had been necessary to remove part of the fencing. 
At that stage, measures were taken to ensure that there 
was no access from the outside onto the hygiene area by 
personnel or equipment. Equipment was well washed 
down for use during the work. At the end of construc- 
tion, any new areas incorporated into the hygiene area 
have been fumigated (soil), or treated with formalin 
(paths and gravel areas). 

9. Crop rotation 
Continued productivity of the hygiene nursery system is 
based on replacement of nutrient losses with inorganic 

fertilizers andmaintenance of soil physical and biological 
properties by rotational cropping and use of cover crops 
(Simpson 1985). Current Queensland nursery design 
allows for one Pinus (10 month) crop and two ley years 
incorporating the cover crop and a period for organic 
matter breakdown. 

Long-term monitoring of the Beerburrum and 
Toolara nurseries has shown a consistent decline in soil 
pH with time (presumably due in part, at least, to the use 
of inorganic fertilizers) and of concern, a gradual de- 
cline in organic carbon levels (Simpson 1985). The pH 

Table 3. Effect of exposure of mycelial mats of 
Phytophthora cinnamomi to three sterilants (formalin 
1.85 percent a.i.) for periods of up to 10 minutes 

Exposure Dettol Safa Formalin 
time 

0 sec +++ +++ +++ 
10 sec +++ +++ - 
20 sec +++ +++ - 
30 sec +++ ++t - 
40 sec +++ +++ - 
50 sec ++ +++ - 
1 min + +++ - 
2 min - 
5 min 
10 min 

+++ very good growth 
++ good growth 
+ slight growth 
- nogrowth 

+++ - 
- - - 
- - - 
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decline at Toolara was corrected last year by the addi- 
tion of 2 tomes ha-' of lime. Despite increased 
production of organic matter with improved cultural 
practices for the cover crop, the organic matter levels 
are still causing some concern. 

The concern that leguminous cover crops at Ingham 
may lead to a charcoal root rot problem (Macrophomina 
phaseolina (Tassi) Goid.) (Brown 1985) has not even- 
tuated. However, at Toolara, on one occasion the grass 
cover crop resulted in severe activity by African black 
beetles (Heteronychus arator (Fabricius) (Coleoptera: 
Scarabaeidae)) on adjacent Pinus crops. Although not 
evident in subsequent Pinus crops, one planting of a 
forage sorghum cover crop suffered damage by stubby- 
root nematode, Paratrichodorus minor (Colbran) 
Siddiqi. 

10. Deep ripping 

In Queensland, beds are deep ripped to at least 50 cm at 
no more than 85 cm spacing during bed preparation for 
each Pinus crop, and for the intervening cover crop. It 
is important, in designing and developing the nursery 
site, that services such as water and drainage are installed 
in areas never to be ploughed (internal tracks or 
headlands), or that they are located at depths below any 
possible cultivation effects. 

Conclusion 
Operation of a hygiene-style nursery poses manage- 
ment problems and imposes a financial cost, regarded as 
minor, on the nursery operation. However, those costs 
must be balanced against the possible losses from major 
nursery pathogens, the availability and cost of chemical 
control should those pathogens occur within a nursery 
crop, the adverse effects of using infected stock in a 
planting program or the risks of spreading pathogens to 
new areas. 

In Queensland, Forestry was faced with a severe 
root rot problem caused by P. cinnamomi in a number 
of nurseries producing bare-root Pinus stock. This 
stock was primarily intended to meet the needs of a 
significant planting program (Queensland Forest 
Service's Pinus plantations currently comprise about 
12 % of the total Australian forest plantation area). Root 
rot disease caused nursery losses, led to heavy culling of 
planting stock, and was sometimes associated with 
heavy outplanting losses at a time when there were no 
effective methods of controlling P. cinnamomi root rot 
on any crop species. There is also evidence of the spread 
of P. cinnamomi to new localities with diseased plant- 
ing stock. 

The intention of the Queensland Forestry Depart- 
ment was to produce disease-free planting stock, not 

merely to avoid losses in the nursery. The alternatives, 
which would allow this, were seen to be regular soil 
fumigation (at high cost and with associated problems 
of large succulent plants under subtropical growing 
conditions) or to develop new nurseries on virgin, 
pathogen-free sites and to operate them in such a man- 
ner as to prevent accidental introduction of serious 
pathogens. Hence, the Queensland Forest Service hy- 
giene nursery system was developed. 

One such nursery was operated for over 20 years 
whilst another (Toolara, which is the largest in the State 
with a site area of over 20 ha) has now produced 19 
successive annual crops of Pinus species. This year 
Toolara nursery produced 4 200 000 bare root plants, 
mainly P. caribaea Mor. var hondurensis Barr. et Golf. 
and hybrids between it and P. elliottii Engelm. var. 
elliotrii. The hygiene nurseries certainly have not been 
disease free, the main problems having been terminal 
crook caused by Colletotrichum acutatum Simmonds 
and some minor damping-off. However, during the two 
decades of operation of the system, there have never 
been any signs of root rot caused by P. cinnamomi, the 
major threat to Pinus nursery production in Queensland. 
Phytophthora root rot in the past had resulted in the 
closure of earlier nurseries at both centers. 

After more than 20 years, it is not unreasonable to 
claim that the hygiene nursery system operated by the 
Queensland Forest Service, the second largest grower 
of Pinus plantations in Australia, has been a success. 
The hygiene nursery at Toolara is one of the largest 
forest nurseries in Australia. 
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Present status of nurser~' diseases in Sichuan Province. China
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Abstract

Nursery diseases cause serious losses in Sichuan province. China. This paper reviews the imponalll nurse!) db.cases
of forest tree species such as damping-orr. PmllUkfl;a d:unping~ff.C,-yptOnlt''';o Slem rol. Uromycu gall ruSI.
needle cas!. Pesta/ouo needle blight. Glomi'ri'llu black. spol.Marsso"",a IcafblighlandAt'cidllm leaf ruSI. Diseases
of seedl ings of non- fO~l>IIfl.--e species such asSclt'rolitlnJ rool rol. M(lerop/lOmina stem rO(o Xam1lomo/lf1j leaf bl igllt.
and MICr(lsphaerll po\\del) mildew are also co\ercd.

Resume

Les maladies sevissant d"ns les pepiniercs fore.stiercs ant cause dcs pertcs imponamcs dans la province e1u SichwlIl.
en Chinc, I.e present article pone sur les principales maladies rcncontrces dans des pepinicres d'espCces forestieres
comlllC 10 fonte des semis. la fonte dcs semis (Pwdull'!lia). la carie du tronc (C,.YP/()lIIe";a), 1:1 rouille-tumeur
(U,.omyc/;'s), lc rougc des :liguilles.la brCilurc.dcs aiguilles (pe.tflllut;a), hi tache noire (G10Illf'I"f'f/a).I:1 brfllurc des
feuiltes (MtlrSSOlli,w) et la rouille des feuilles (Aecid/lll/). II est cgalernent question de maladies affcctantles ,el1li~

d'cspcres non foresticres comme Ie pourridi~ (Sc1l'rOlillfll). la carie du !ronc (Ma(Topllom;ntI),la briilurc des feuilles
(Xanthomonas) et Ie blanc (Microsphaera).

IntroduClion

The climate of Sichuan province is subtropical :md its
topography and c1im:l1c arc extremely \':lriab1e and
range frOIll very cold 10 tropical.

llle well known Sichuan b<lSin is in eastcm Sichuan.
Pille. fir. and cypress forcsts predominate Ihere. West
em Sichuan is a magnificent platc"u with subalpine
conifers. With such a diversit}, of c1im:He and tree
species. the imponance ofspecific diseases varies from
nursery 10 nursery. Recently. several of these diseases
ha\'c become increasingly serious.

Seedling diseases or important
foresl Iree species

Damping-off

This dIsease is one of the first to appear In ney, I} soy, n
seedbeds. It is \\ idespread in nurserie~ lhroughoul
eastCnl and wcstem Sichuan, 1\'loSl conifer species :.uch
as ClIIlllillglwm;o fml('l'O!{/fO (Lamb.) Hook.. PillllS

l/laSSOIl;a!lfl Lamb.. and Larix !,owninii Bat:!!. :11"(' sus
ceptible, CllfJreSSU,~ ~I)(,'cies arc seldon 1 if c\'cr affected.

Many fungi C3u~e damping-off. but the 1110:.1 com
mOil :lrc speciesofP~;tlll/lt",FIIsar;wlI. and RIII:o('umi"
so/ani Kuehn. Four types of~} mptoms occur: ::.c.--ed rol.
d;llllping-off. rOOt rot. and lip rOl,

Damping-offor PUII!ol\'n;a!or1lwei (Seem.) Hems..
caused by RII,.:octonia mlcroscft.'TOlia ~1alzand Pyrhillm
aplWllldel'matlllll lEdson) Fitzp,. is another disca"€' that
has become imponant recently, Symptoms vary de·
pending on when infection occurs. Early :lIIacks affect
seeds before they emergc from the soil. Losscs from
such pre-emcrgence damping-off is often attributed 10

poor seed. Post-emergence infection charaCleristically
occurs at or just below groundline and rcsults in a
necrotic areaan Ihe stem orrool rOI. Thedisease Ilsu:III}
is most sc\'cre from mid-l\'la) to the firsl IOdaysofJune,
panicularly during periods of high rclaU\'e humidity.

Stem diuasf.'s

Stem rot due to the fungus \ ·alsa rrypto/1/erltlt.' KnttJima
frequentl) cause:. canke~ of Cn'ptoll/eria jOllntlicjJ
(L.t) D. Don. The pcrfecl1>t::lge i~ u~uall~ onlh<." di~l:ll

portion of the killed 1\\ 19,
Gall ruSI. U,.ntlt.\"l'r,~ u'wwico!a P. Helin, & SIl1r,.

often occurs on :.ccdlings ofSophora jllpol1if"a L. \~ here
it cau~es globost' galls allhe 1>ile of IIlfectiOll ,l1td milY
\..i1It\~ igs on Ihe seedling.

Folillge tlisea$ts

Needle blighl is Ihc mOSI ~eriou:. disealle of nur1>CI'}'
gray, n PIII/IS mjJsslmial/o Umb.. bUI P'IfIIJ tll'ot'"
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Engelm. may also be affected. The pathogen is 
Cercospora phi-densiforae Hori & Nambu. First 
evidence of needle infection is a small yellow band 
which later becomes gray-brown or dark brown and 
affects the entire needle. Symptoms appear most com- 
monly from June to September. 

Needle cast, Lophodermium pinastri (Schrad. ex 
Hook.) Chev., has a wide host range and attacks numer- 
ous pines. Damage is most serious on Pinus massoniana 
Lamb. and P. yunnanensis Franchet, but other pines are 
also damaged. The symptoms of this diseases are 
brown-black spots on infected needles which become 
greenish brown bands in late summer through fall. 

In Cupressus funebris Endl. nurseries, red blight, 
caused by species of Pestalotia and Phoma, is a serious 
problem. The fungi attack 1- and 2-year-old seedlings. 
When seedlings are 1 to 2 months old, yellow spot 
lesions may develop on the lowermost needles on the 
shoot. The symptoms gradually reach the tips of needles 
over the entire seedling. Infected needles may curl 
inward. Seedling mortality can exceed 95% in seed- 
beds. 

Black spot of Cinnamomum camphora (L.) Nees & 
Eberm. is another destructive disease. It is caused by the 
fungus Glomerella cinnamomi Yosh. This disease may 
quickly reach epidemic proportions during July through 
August. Leaves, twigs, and stems appear abnormal or 
have round spots. 

The fungus Marssonina populi (Lib.) Magn. dam- 
ages species of Populus in all nurseried Maximum 
damage occurs from June to August when the weather 
is very hot and rainy. 

Paulownia anthracnose is caused by Gloeosporium 
spp. Leaves and shoots of the current season’s growth 
are attacked. Tiny dark brown or black, circular to 
irregularly circular spots appear on infected leaves. 
Afterward, diseased leaves fall off. 

Leafrust, Aecidium klugkistianum Diet., sometimes 
attacks Ligustrum lucidum Ait., producing abundant 
aecidium. 

Diseases of non-forest tree seedlings 
Root diseases, 
Roots of Oiltea, Camellia oleifera Abel, may be in- 
fected by the fungus Sclerotium rolfsii Sacc. White 
mycelium covers the surface of diseased roots which 
subsequently turn yellow, and the seedling eventually 
dies. The causal fungus overwinters in infected roots as 
thick-walled resting bodies (sclerotia). 

Stem diseases 
A stem disease of Ginkgo biloba L., caused by 
Macrophomina phaseolina (Tassi) Goidanich, is both 
prevalent and troublesome. Field observations show 
that the fungus is a weak parasite, inciting the disease 
only under certain environmental conditions. The dis- 
ease is especially favored by hot, dry weather. Growth 
of the pathogen is optimum above 32°C. Non-lignified 
tissues of seedlings, injured by high soil temperature 
during hot, dry weather, serve as infection courts. 

Foliage diseases 
The bacterum Xanthomonasjuglandis (Pierce) Dowson 
causes irregular-angled or circular spots on leaves of 
Juglans regia L. Initially the lesions are dark brown, 
and later they coalesce to form large spots. Premature 
defoliation then occurs. This disease is favored by high 
rainfall, and epidemics follow periods of high rainfall. 

Powdery mildew is the most damaging disease of 
Castanea mollissima B1. Two fungi, species of 
Microsphaera and Phyllactinia, are involved. The 
pathogen overwinters and produces perithecia and as- 
cospores on fallen leaves. Mature ascospores are dis- 
charged during periods of heavy rain or dew. 

Selected references 
Chen Shou Chang. 19k4. Important seedling diseases in Sichuan. Sichuan Forest Research Institute, 1-13. 
Chen Shou Chang. 1974. Development types of damping-off of Cunninghamia lancedata, resistance and its control measure. 

Chen Shou Chang. 1978. Forest disease and pest control in Sichuan. Sichuan People’s Publication. 
Chen Shou Chang. 1983. Integrated control of seedling damping-off. Forest Pest and Disease 4:38-39. 

Sichuan Forest Research Techn. 1 :20-22. 

142 



Identification, management, and application of 
ectomycorrhizal fungi in forest tree nurseries 

CHARLES E. CORDELL AND DANIEL W. OMDAL 

Forest Pest Management Region 
USDA Forest Sewice, Asheville 

North Carolina 28802 

AND 

DONALD H. MARX 

Institure of Tree Root Biology 
USDA Forest Service 

Athens, Georgia 30602 

Presented at the first meeting of IUFRO Working Party S2.07-09 
(Diseases and Insects in Forest Nurseries), Victoria, British Columbia, Canada, August 22-30, 1990 

Abstract 
Techniques and procedures are presented to facilitate the identification, management, and application of 
ectomycorrhizal fungi in forest tree nurseries. Ectomycorrhizal fungi are identified by fruiting bodies and 
morphological characteristics. Ectomicorrhizae quantity and quality are significantly affected by nursery soil 
properties, environmental factors, and nursery cultural management practices. The technology, equipment, and 
altemative inoculum types are presently available for operational application of several species of ectomycorrhizal 
fungi in bareroot and container nurseries. Nursery inoculation with specific ectomycorrhizal fungi, such as 
Pisolithus tinctorius, have significantly increased the quality of nursery seedlings and tree survival and growth in 
field plantings. Cost of seedling inoculations with ectomycorrhizal fungi is considered to be justified for a variety 
of customized forestation projects and is 5% or less of the total forestation expense. 

Resume 
Cette Ctude fait ttat de plusieurs techniques et mCthodes utilisCes pour faciliter l'identification, la gestion et 
l'inoculation de champignons ectomycorhiziens dans les ptpinibres forestibres. Les champignons ectomycorhiziens 
sont identifiis par leurs fructifications et leur caractkristiques morphologiques. Le nombre et la qualitt des 
champignons ectomycorhiziens dCpendent fortement des propriCtCs du sol, des conditions ambiantes et des 
pratiques de gestion des cultures des pCpinibres. I1 existe maintenant des technologies, des matCriels et de nouveaux 
types dinoculats pour la production de plusieurs espbces de champignons ectomycorhiziens B racines nues ou en 
rkcibients. L'inoculation de certains champignons ectomycorhiziens, par example Pisolithus tinctorius, a sensiblement 
augment6 la qualit6 des semis produits en pCpinibre et le taux de survie et de croissance des arbres en site forestier. 
Le coiit de l'inoculation des semis avec des champignons ectomycorhiziens est considCrC comme Ctant justifit dans 
de nombreux projets de reboisement. I1 reprksente moins de 5 % du coiit total du reboisement. 

~ ~ 

Introduction 
Seedling quality and field performance are largely 
governed by processes occurring in and around the root 
zone of seedlings. Absorption of water and nutrients is 
a function of the amount and quality of growing root tips 
or feeder roots. The feeder roots of most tree species are 
infected by specialized fungi that form beneficial asso- 
ciations called mycorrhizae (fungus-roots). The most 
widespread symbiotic association on plant roots is 
mycorrhizae. These structures greatly increase root 

~~ ~ ~ 

absorption efficiency and are vital to the survival and 
growth of both the host tree and the fungus. Compared 
to nonmycorrhizal roots, those roots infected by mycor- 
rhizal fungi have increased absorptive capacity, nutri- 
ent fixation, resistance to soil pathogens, and longevity. 
As the main interface between seedling and soil, mycor- 
rhizae are a key measure of root system quality and are 
a vital component of integrated nui-sery management. 

Mycorrhizae are of two biological types: 
endomycorrhizae (which penetrate host cells) and 
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ectomycorrhizae (which grow between the root cells 
and cover the root surface with a mantle of fungus 
hyphae), Endomycorrhiza is the most widespread type 
and comprises three groups - ericaceous, orchidaceous, 
and vesicular-arbuscular mycorrhizae. The vesicular- 
arbuscular mycorrhizae are found on more plant species 
than all other types of mycorrhizae combined; they have 
been observed in roots of over lo00 genera of plants 
representing some 200 families. Over 90% of the 
300 000 species of vascular plants in the world form 
vesicular-arbuscular mycorrhizae. Ectomycorrhizae 
occur on about 10% percent of the world flora. Trees 
belonging to the Pinaceae, Fagaceae, Betulaceae, 
Salicaceae, Juglandaceae, Myrtaceae, Ericaceae, and a 
few others form ectomycorrhizae, Some tree genera 
such as Alnus, Eucalyptus, Casuarina, Cupressus, 
Juniperus, Tilia, Ulmus, and Arbutus form both 
ectomycorrhizae and vesicular-arbuscular mycorrhi- 
zae, depending on soil conditions and tree age. Some 
species, such as Casuarina and Alnus, form symbiotic 
nitrogen-fixing nodules as well. 

Numerous fungi form ectomycorrhizae. In North 
America alone, at least 2100 species of fungi form 
ectomycorrhizae with forest trees. Worldwide, there 
are over 5000 species of fungi that can form 
ectomycorrhizae on some 2000 species of woody plants. 

There appear to be distinct early-stage and late-stage 
fungi in ectomycorrhizal fungus successions in forests 
(Marx et al. 1991). In aseptic culture (Le., without 
competition and other stresses) early-stage and late- 
stage fungi form ectomycorrhizae on seedlings equally 
well. However, only the early-stage fungi are able to 
rapidly colonize seedlings in natural, nonsterile soil that 
harbors competitors and other environmental stresses. 
Increases in fungal species diversity are associated with 
ectomycorrhizal fungus succession as forest stands age 
andnumbers of host species increase (Marx er al. 1991). 

For several years, the USDA Forest Service, in 
cooperation with several state and private forestry agen- 
cies, has been supporting research on mycorrhizae and 
their applications in forest tree nurseries, forest plantings, 
and plantings on reclaimed mineland. The primary 
objective has been the practical use of one 
ectomycorrhizal fungus, Pisolithus tinctorius, in forest 
land management. This fungus was selected because of 
its availability, ease of manipulation, wide geographic 
and host range, and demonstrated benefits to a wide 
variety of host trees. Pisolithus tinctorius is especially 
tolerant of extreme soil conditions, including low pH, 
high temperatures, and drought, that frequently kill 
other ectomycorrhizal fungi and their host trees (Marx 
et al. 1984). 

The research and development program on Pisolithus 
tinctorius has evolved from controlled nursery-plot 

research to relatively large-scale operational applica- 
tions in both bareroot and container seedling nurseries. 
Mycorrhizal culture is rapidly expanding to include 
additional fungi and tree hosts for a variety of foresta- 
tion and mineland reclamation applications in several 
North American, South American, European, South 
African, and Asian countries. Effective ectomycorrhizal 
fungus inoculum, along with the necessary equipment 
and technology for successful operational applications 
in bareroot and container nurseries, is now available to 
nursery personnel (Cordell et al. 1991). 

Ectomycorrhizae - identification 
and quantification 

Estimates of seedling quality can be improved by learn- 
ing to recognize and quantify the dominant mycorrhizal 
types occumng on seedlings. Ectomycorrhizal fungi 
are most easily identified by their fruiting bodies-the 
numerous puffballs or mushrooms that develop some 
time after seedlings have been colonized. The fungi can 
also be recognized on the basis of distinct morphology 
of ectomycorrhizal feeder roots. Although over 2000 
ectomycorrhizal fungi are known, only a few (one to 
three) species usually are found in a nursery. On 
westem fir, spruce, and pine seedlings, gilled mush- 
rooms of Laccaria (Figure la) and Hebeloma (Figure 
lb) species, pored mushrooms of Suillus species (Fig- 
ure IC), and puffballs ofRhizopogon species (Figure Id) 
are common. On or near pine seedlings in the South, 
puffballs of Pisolithus tinctorius (Figure le) and the 
papery thin, funnel-shaped mushrooms of Thelephora 
terrestris (Figure If) frequently occur. Puffballs of 
Rhizopogon species, which have white, homogeneous 
centers, can easily be distinguished from those of 
Pisolithus tinctorius by their lack of peridioles or small 
sacs of spores within the context. Recognizing and 
separating ectomycorrhizal species on the basis of root 
morphology requires a trained eye, but the different 
colors and shapes of ectomycorrhizae can be distin- 
guished with practice. Whereas nonmycorrhizal feeder 
roots are generally thin, with texture and color similar to 
the larger roots, ectomycorrhizae usually are swollen, 
forked or many-branched, and differently textured and 
colored from the rest of the root system (Cordell et al. 
1987). 

During quantitative and qualitative seedling evalu- 
ations, a relative measure of the amount of mycorrhizal 
occurrence is more useful than identification of the 
ectomycorrhizal fungi on a sample of seedlings. Sam- 
pling techniques have been developed to estimate the 
proportion of a seedling’s feeder roots that are 
ectomycorrhizal. In measured lengths of lateral roots, 
numbers of feeder roots with and without 

144 



igure I. haraclcristic CCl myc rrhil:al fungu fruiting bodie of
a) Laccaria p.. b llelJelol1lo p.• (c) Suillus sp.. (d) R!li:opogoll
p .. (e) Pisolili/lls lillclOrills. and (I) ThelepllOra lerreslris.

ct m cOlThizae ar ouoted nder on and ordell
197). u h laboriou examination may be required
for re earch 'lUdie , but they are impractical for e ti·
mate f larg quantilie f operati nal eedUngs. A
r liable timate can be delennined b i ual examina
ti n of eedling root y tem that have been rin ed lean
in water. n ·timated p rentage of ectom olThizal
~ eder r OLS i a"a ed for ea h eedling and a eraged
f r the wh Ie eedling ample. With xperien e, an
individual an e aluare a eedling in a matter f e .
ond. Th e'timate pro ide alue that an be

mpared am ng ampl ,in otory dates, r even

differentcr p year. nur ery management pm ri e
ar refined. it become po ible to monitor the m 
cOITh1zal component of eedling qualit . More valid
quantitativ e timat are made b u e f an
e t myc rrhizal fungu' index. The e t my rrhi7al
fungu ind i deri ed from lheformulaa (ble) where
a i the per entage f eedlings \ ilh le led

tomyc rrhizae. b i th a er ge per enlag f feeder
roOI \ ilh ele ted tom corrhizae, and c j Ihe a\er
age percenlag f feed r r I wilh all type r t tal
e t my n·hizae.

145



Mycorrhizae nursery management 
Ectomycorrhizae in nurseries can be increased by modi- 
fying nursery management practices, as well as by 
artificial mycorrhizal inoculation. Guidelines for my- 
corrhizal nursery management pertain more to main- 
taining healthy seedling root systems than to the re- 
quirements of a particular species of mycorrhizal fun- 
gus. Enhancement of mycorrhizal fungi is inseparable 
from increased seedling quality. Management for in- 
creased mycorrhizal development is not limited solely 
to establishing the symbiotic structures on roots. One 
must consider development and retention of seedling 
feeder roots and mycorrhizae from seed sowing to 
seedling lifting in the nursery and to planting the trees 
in the field. Nurserymen, field foresters, and tree 
planters must be made aware of the two symbiotic living 
organisms they are handling-the tree seedling and its 
complement of mycorrhizal fungi. 

Mycorrhizae require generally the same moisture, 
fertility, and pH as their host tree seedlings, but toler- 
ance for extreme or adverse conditions does vary. Soil 
and cultural factors that significantly affect mycorrhi- 
zae include pH, drainage and moisture, fertility, fumi- 
gation, pesticides, cover crops, shading and root prun- 
ing. Soil and water pH values are two of the most 
limiting factors in the development of ectomycorrhizae 
in both bareroot and container nurseries. In addition, 
seedling lifting, storing, and planting practices have 
significant effects on seedling feeder root and 
ectomycorrhizae retention, quality, and subsequent field 
survival and growth. Special care must be taken during 
all stages of seedling handling to maintain sufficient 
root systems and ectomycorrhizae. Ectomycorrhizae 
are delicate structures that can be ripped off during 
lifting, desiccated in storage, or cut off prior to field 
planting. To sustain seedling quality, lifting and han- 
dling techniques must be modified to minimize damage 
to feeder roots and ectomycorrhizae. Stripping of roots 
severely impairs seedling field performance (Marx and 
Hatchell 1986). Full-bed seedling harvesters are less 
destructive than single-row or double-row lifters. Con- 
dition of the root systems should be checked throughout 
the lifting process; even slight reductions in tractor 
speed can greatly reduce damage to roots and 
ectomycorrhizae as seedlings are lifted. During transfer 
of the seedlings from the field to the packing room and 
at all other times when the seedlings are being handled, 
special care is required to avoid drying of the roots by 
exposure to wind and sun. 

The procedure by which seedlings are packed influ- 
ences their ability to endure storage and survive field 
planting. If extended storage is required, Kraft paper 
bags with polyethylene seals will maintain seedling 

moisture better than seedling bales. Cold storage is vital 
to slow seedling respiration. Seedling survival is better 
when peat moss, clay, or inert super-absorbents are used 
rather than hydromulch (Cordell et al. 1984). Best 
results are obtained when all root systems are coated or 
at least in contact with the packing material. Numerous 
studies have documented the effects of storage time on 
seedling quality. For most tree species and their 
ectomycorrhizae, storage for 2 to 6 weeks is not harm- 
ful. 

Improper transportation to the planting site or rough 
handling during planting can severely reduce seedling 
vigor. Tree planters should understand proper planting 
methods and the reasons for them. Where possible, 
seedlings should be transported under refrigeration. If 
that is not possible, they should be covered and stacked 
with spacers to avoid high temperature buildup inside 
the seedling containers. For machine or hand planting, 
root pruning at the planting site should be avoided 
because it eliminates carefully nurtured feeder roots and 
mycorrhizae. High temperatures, high winds, and low 
humidity desiccate and kill feeder roots and mycorrhi- 
zae very rapidly. The first priority in planting should 
always be to maintain seedling viability and vigor. The 
rate at which seedlings are planted is of no consequence 
if the seedlings do not survive (Cordell et al. 1991). 

Benefits 
Most conifer species, including all pines, cannot grow 
without ectomycorrhizae. This obligate dependency of 
trees on their fungal symbionts has been thoroughly 
substantiated through extensive laboratory and field 
research, and through unsuccessful attempts to intro- 
duce tree species into areas where their symbiotic fungi 
were not present. After the ectomycorrhizal fungi were 
introduced, trees were successfully established (Marx 
1980). Trees with abundant ectomycorrhizae have a 
much larger, physiologically active, root-fungus area 
for nutrient and water absorption than trees with few or 
no ectomycorrhizae. This increase in surface area 
comes both from the multi-branching habit of most 
ectomycorrhizae and from the extensive vegetative 
growth of hyphae of the fungal symbionts into the soil. 
These extramatrical hyphae increase nutrient and water 
capture from the soil by the host. Ectomycorrhizal roots 
are able to absorb and accumulate nitrogen, phospho- 
rus, potassium, and calcium in the fungus mantles more 
rapidly and for longer periods of time than 
nonmycorrhizal feeder roots. Ectomycorrhizae also 
appear to increase the tolerance of trees to drought, high 
soil temperatures, soil toxins (organic and inorganic), 
and extremes of soil acidity caused by high levels of 
sulfur or aluminum. Ectomycorrhizae deter infection of 
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. 
feeder roots by root pathogens, such as species of 
Pythium or Phytophthora (Marx and Krupa 1978). 
Hormone relationships induced by fungal symbiotics 
cause ectomycorrhizal roots to have greater longevity 
(length of physiological activity) than uonmycorrhizal 
roots (Slankis 1973). Ectomycorrhizae are apparently 
the first line of biological defense against stress in trees. 
Not all species of fungi form ectomycorrhizae that have 
equal benefit to their hosts (Marx et al. 1991). 

Recently, Castellano (1991) compiled a listing of 
outplanting performance of seedlings inoculated with 
ectomycorrhizal fungi from the world literature. Sixty- 
six species of ectomycorrhizal fungi have been used 
experimentally to form ectomycorrhizae on 49 tree 
species. Over 40% of the publications dealt with 
Pisolithus tinctorius on 29 different tree species. 
Cenococcum geophilum, Hebeloma crustuliniforme, 
Laccaria bicolor, L. laccata, Suillus grunulatus, S. 
luteus, and Thelephora terrestris have been evaluated 
to a lesser extent on six or more tree species. 

In forest tree nurseries in the United States, there is 
seldom a total absence of ectomycorrhizal fungi. Seed- 
lings form ectomycorrhizal associations with naturally 
occurring fungi that originate from wind-blown spores 
produced by fruiting bodies in adjacent windbreaks, 
seedling beds, or forest stands. In nurseries where 
cultural practices or new field conditions have reduced 
ectomycon-hizal fungus populations, seedlings grow 
poorly and do not respond to increased fertilization. 
Pockets of seedlings that do have ectomycorrhizae or 
even those on which ectomycorrhizae have become 
established earlier in the season have increased stem 
caliper and height, improved foliage color, and a more 
balanced shoot:root ratio than adjacent stunted seed- 

Figure 2. 1-0 Loblolly pine seedlings with Pisolithus tinctorius 
ectomycorrhizae (left) and with only naturally occurring 
ectomycorrhizae (right). 

lings which are deficient in ectomycorrhizae (Cordell et 
al. 1987). 

The ectomycorrhizal fungi that occur most com- 
monly in bareroot nurseries, such as I'helephora 
terrestris (Tt), are ecologically adapted to the favorable 
growing conditions in nursery soils. However, these 
fungi are poorly adapted to the adverse conditions of 
many reforestation and reclamation sites. 

Consequently, ectomycorrhizal research and devel- 
opment by the USDA Forest Service has initially fo- 
cused on one particular ectomycorrhizal fungus, P. 
tinctorius, with its observed tolerances to environmen- 
tal stresses along with other positive attributes (Marx et 
al. 1984). Many conifer and some hardwood species on 
a variety of nursery sites have been artificially inocu- 
lated with P. tinctorius by treating seedling containers 
and prefumigated nursery seedbeds (Figure le). Effec- 
tive P. tinctorius vegetative inoculum has consistently 
improved the quality of nursery seedlings (Figure 2) .  
National container and bareroot nursery evaluations 
have demonstrated the effectiveness of different formu- 
lations of P.  tinctorius inoculum on selected conifer 
seedling species (Marx et al. 1981; Marx et al. 1984). 
During the past 13 years, more than 100 bareroot 
nursery tests have been conducted in 38 states. Results 
obtained from 34 nursery tests showed that P. tinctorius 
inoculation increased fresh weight of southern pine 
seedlings by 17%, increased ectomycorrhizal develop- 
ment by 21%, and decreased the percentage of cull 
seedlings at lifting time by 27% (Fig. 3-a). Results have 
sometimes been negative, but failures of this kind have 
been positively correlated with such factors as ineffec- 
tive P. tinctorius inoculum, high soil pH (above 6.5), 
adverse environment, detrimental cultural practices, 
and pesticide toxicity (Cordell 1985). 

Inoculated seedlings have been planted on a variety 
of routine forestation sites, strip-mined areas, kaolin 
wastes and Christmas tree farms inlocations throughout 
the United States. Over 100 P. tinctorius outplantings 
involving 12 species of conifers are being monitored in 
20 states on a variety of forestation, mineland reclama- 
tion, and Christmas tree sites. Preliminary analyses 
show significant increases in tree survival and growth in 
over half of these field studies. Loblolly pines (Pinus 
taedu L.) inoculated with P. tinctorius continue to show 
significant increases in tree volume growth (Figure 3-b) 
in four southem states when compared with uninoculated 
check trees after 6 to 10 years in the field. Longleaf 
pines (P. palustris Mill.) inoculated with P. tinctorius 
had a significantly improved survival after 3 years in the 
field in four southern states (Figure 3-c). Extensive 
reclamation research has been conducted on seedlings 
custom grown with P.  tinctorius ectomycorrhizae and 
outplanted on adverse sites in the eastern U.S. In 

147 



PercenI lncnace/Decnare 
50 

-10 

-ao 

* 

- 

CUlll 
-301 

Fresh Welahl  MTcorr hlrae 

a 

PercenI Surrlral 
IO0 

90 
- Pt Mycellum 0 Unlnoculaled Check 

Relallre Volume 

1.4 

NC GA 

b 

Mycellum 0 Unlnoculaled Check 

TN sc MEAN 
LOCATION 

PERCENT SURVIVAL 
100 

80 
- Pt Mycellum 0 Unlnoculated Check 

10 
70 70 
60 60 
60 60 
40 40 

50 30 

20 20 

IO IO 
n 

MEAN 
0 - LA MS At ' FL 

C LOCATION 
VlRQlNlA WHITE 

d PINE SPECIES 

Figure 3. Effects of inoculation withk'isolithus tincrorius vegetative mycelium on (a) southern pine seedlings in 34 bareroot nurseries, (b) growth 
of loblolly pine after 6 to 10 years in the field, (c) survival of longleaf pine after 3 years in the field, and (d) survival of two pine species on mine 
reclamation sites in Ohio. 

numerous field tests on coal spoils, annual tree root 
evaluations have confirmed the ecological adaptation 
of P .  tinctorius to these disturbed sites. Without excep- 
tion, seedlings with P. tinctorius ectomycorrhizae de- 
veloped new roots very rapidly, and these roots were 
quickly colonized by the fungus. Root growth was also 
routinely followed by the prolific production of P. 
tinctorius fruiting bodies in the vicinity of trees with P.  
tinctorius ectomycorrhizae on their root systems. In 
outplantings established by the Ohio Division of 
Mineland Reclamation in southern Ohio during the past 
9 years, Virginia, eastern white, and loblolly x pitch 
hybrid pines and northern red oak (Quercus rubru L.) 
seedlings inoculated with P. tinctorius have consis- 
tently higher survival and growth than routine nursery 
seedlings. Increased survival of white and Virginia pine 
is shown in Figure 3-d (Cordell et al. 1988). 

Positive field responses are correlated with success- 
ful P. tinctorius nursery inoculations (Pt index greater 
than 50), with mineland reclamation conditions, and 
with periodic moisture stress on normal forestation 
sites. Results from outplanting studies in southern 
Georgia suggest that seedlings with abundant P .  
tinctorius ectomycorrhizae at the planting date are 

better able to withstand some site or environmental 
stresses than seedlings without P .  tinctorius 
ectomycorrhizae. Rainfall deficiencies have been fre- 
quently associated with large growth differences. Re- 
sults from two studies (Marx et al. 1988) on routine 
reforestation sites support the theory of greater drought 
tolerance of seedlings with P .  tinctorius 
ectomycorrhizae. After 8 years on a good-quality, 
formerly forested site in south Georgia (site index of 80 
ft. at age 25), trees with only naturally occurring 
Thelephoru terrestris ectomycorrhizae grew less dur- 
ing years of low rainfall than trees treated with P .  
tinctorius. ' During years with moisture stress, P .  
tinctorius ectomycorrhizae markedly improved diam- 
eter growth. The apparent effectiveness of P. tinctorius 
in tolerating moisture stress on routine southern pine 
forestation sites is highly significant and should greatly 
expand the economic practicality of the P. tinctorius 
program in forest land management in this region of the 
United States where wood fiber production is so impor- 
tant (Cordell et ul. 1990). In an unprecedented coopera- 
tive project, the USDA Forest Service, the U.S. Depart- 
ment of Energy, and the South Carolina Commission of 
Forestry are producing 1.0 million longleaf and 1.4 
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million loblolly pine with P. tinctorius ectomycorrhizae 
annually as part of a 5-year, customized reforestation 
program at the Savannah River Site near Aiken, South 
Carolina. State-of-the-art cultural, biological, and chemi- 
cal practices are being utilized in bareroot nurseries to 
produce seedlings of the highest quality. In operational 
loblolly and longleaf plantings at the Savannah River 
Site, tree survival has averaged over 90% and 85%, 
respectively, after 2 years. Two-year-old longleaf pines 
have over 90% emergence from the “grass” stage. 
Previous operational plantings with nursery seedlings 
have resulted in 50 to 60% survival of longleaf pine, 70 
to 80% survival of loblolly pine and less than 50% 
emergence of longleaf pine from the “grass” stage after 
2 years. 

The USDA Forest Service in the Pacific Northwest 
has developed a very successful spore inoculation pro- 
gram in container and bareroot nurseries. Basidios- 
pores of several species of hypogeous, truffle-like 
ectomycorrhizal fungi have been applied to four conifer 
species. Rhizopogon vinicolor and R .  colossus form 
abundant ectomycorrhizae on Douglas-fir following 
this spore inoculation method. Two years after 
outplanting, Douglas-fir seedlings with R. vinicolor 
ectomycorrhizae had significantly greater survival, stem 
height, root collar diameter, and biomass than 
noninoculated seedlings (Castellano and Trappe 1985). 

In France, inoculation with ectomycorrhizal fungi 
has two purposes: to improve field performance of 
seedlings in reforestation programs, and to enhance 
production of edible fungi (LeTacon et al. 1988). Dur- 
ing the last decade in France, much progress has been 
made in understanding ectomycorrhizal fungal species 
associated witharange offorest trees. Laccaria laccata, 
L .  bicolor, and Hebeloma crustuliniforme form abun- 
dant ectomycorrhizae with Douglas-fir, Norway spruce, 
and Scots pine seedlings following successful nursery 
inoculation with vegetative inocula. Instead of the 
normal 3 to 4 years, plantable Douglas-fir seedlings can 
be produced in fumigated soil after 2 years following 
inoculation with L. laccata. Many examples are found 
in which ectomycorrhizal inoculation is highly benefi- 
cial to reforestation. Best results were achieved in 
experiments with conifers, especially Douglas-fir, 
outplanted on sites such as old fields containing low 
resident inoculum of other ectomycorrhizal fungi. The 
most effective ectomycorrhizae on such sites were 
those formed by strains of L. laccata from the United 
States and by local French strains of L. bicolor. Two- 
fold to threefold increases in aboveground tree weights 
and volumes of Douglas-fir after 4 to 6 years are 
attributable to Laccaria ectomycorrhizae. Outplanting 
experiments with Suillus granulatus and Boletus edulis 
ectomycorrhizae are also underway. 

Since 1973, Quercus spp. artificially inoculated 
with Tuber melanosporum or T.  uncinatum have been 
commercially produced in France for truffle produc- 
tion. Truffle fruit bodies can be obtained 3 to 5 years 
after transplanting the seedlings on proper sites. More 
recently, Pinuspinaster seedlings withsuillus granulatus 
ectomycorrhizae have been produced and outplanted to 
produce edible fruit bodies of the fungus (Marx et al. 
1991). 

A review of ectomycorrhizal inoculation in Canada 
shows most work is still in the experimental or develop- 
mental stage (Langlois and Gagnon 1988). The follow- 
ing points emerge from this container-grown seedling 
research: (i) using a mixture of fungi in solid inoculum 
results in only one fungus colonizing the seedlings 
roots; (ii) fertility of substrate and nutritional regimes 
influence ectomycorrhizal formation; (iii) liquid inocu- 
lum entrapped in calcium alginate beads, or liquid 
inoculum can be used with success at sowing; and (iv) 
liquid inoculum injected in container cavities of 6- 
week-old and IO-week-old seedlings produces abun- 
dant ectomycorrhizae. In British Columbia, Douglas- 
fir, lodgepole pine, and various spruces have been 
inoculated with Amphinema byssoides, the E-strain 
fungus, and various Rhizopogon and Suillus species. 
Inoculated seedlings are planted on cold soils with short 
growing seasons in the northem spruce and pine habi- 
tats or in the southern Douglas-fir and pine habitats 
subject to long summer drought. Early work with 
Laccaria laccata and Hebeloma crustuliniforme 
ectomycorrhizae showed no improvement in field per- 
formance. The other aforementioned fungal symbionts, 
however, have improved diameter growth of seedlings 
of fir, pine, and spruce and research is continuing (Marx 
etal. 1991). 

Ectomycorrhizal research in the Philippines during 
the last 15 years has concentrated on developing mass 
inoculant production and inoculation techniques to re- 
place the traditional mycorrhizal soil inoculation tech- 
nique. The traditional techniques faced problems of 
high transport cost and destructive effects of soil-bome 
pathogens. One significant technology development is 
ectomycorrhizal fungal tablets made from compressed 
mixtures of basidiospores of P .  tinctorius and 
Scleroderma cepa. These fungi grow abundantly in 
plantations in the Philippines. Mycorrhizal seedlings of 
Pinus and Eucalyptus species can be obtained in 2 
months following tablet inoculations in container nurs- 
eries. Height and diameter growth of these species are 
increased by 30 to 70% in the nursery. In the field, 
height growth of inoculated seedlings increased by as 
much as 45 to 60%, diameter growth by 40 to 95%, and 
volume growth by more than 200% relative to 
uninoculated plants. These positive responses were 
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observed even after 3 years in the field. In addition, 
mycorrhizal tablet inoculation was able to replace from 
60 to 85% of the inorganic fertilizers required for the 
growth of pines and eucalyptus in the field (Marx et al. 
1991). 

Inoculations 
Ectomycorrhizal fungi have been introduced into defi- 
cient soils throughout the world in various inocula to 
provide seedlings with adequate ectomycorrhizae to 
create man-made forests. Research on inoculation with 
ectomycorrhizal fungi has been based on two premises. 
First, any ectomycorrhizae on tree seedlings is far better 
than none. Success in correcting deficiencies has con- 
tributed greatly to our understanding of the importance 
of ectomycorrhizae to trees. Second, some species of 
ectomycorrhizal fungi on certain sites are more benefi- 
cial to trees than other fungal species that may naturally 
occur on such sites. Much work in recent years with a 
few fungal species has been aimed at selecting, propa- 
gating, manipulating, and managing the more desirable 
fungal species to improve tree survival and growth. 
This subject has been reviewed many times (Bowen 
1965; Mikola 1973; Trappe 1977; Marx 1980; Marx 
and Cordell 1989). 

The first and most important step in any inoculation 
program of tree seedlings is the selection of fungi. 
Physiological and ecological differences among 
ectomycorrhizal fungi are great and these differences 
can be used as criteria for selection. The candidate 
fungus should exhibit the physiological capacity to 
form abundant ectomycorrhizae on seedlings of the 
desired hosts and the more hosts the better. This 
suggests use of early-stage fungi. Several isolates from 
different tree hosts and geographic regions should be 
tested, at least initially, to determine the amount of 
variation that exists between isolates (Moser 1958; 
Marx 198 1). The selected fungus must have the ability 
to grow rapidly in pure culture and withstand physical, 
chemical, and biological manipulation (Marx et al. 
1984). The fungus inoculum must also be able to 
survive in soil a minimum of 4 to 6 weeks between 
nursery soil inoculation and seed sowing, germination, 
and the production of short roots by the seedlings. 
Ideally, the fungus should also be able to survive several 
weeks of storage between inoculumproduction and use. 
A very important criterion is the ecological adaptation 
of the selected fungus to the major type of site on which 
the seedlings are to be planted. The ecological adapt- 
ability of an ectomycorrhizal fungus hinges on the 
metabolic pathways it has evolved to contend with 
environmental variation (Trappe 1977). The selected 
fungus must adapt to many kinds of environmental 

variations, including extremes of soil and climate, an- 
tagonism from other soil organisms including other 
ectomycorrhizal fungi, pesticide application, physical 
disruption of mycelium by nursery cultural practices 
(undercutting and root pruning), and the abrupt physi- 
ological adjustment from a well fertilized and imgated 
nursery soil to an uncultivated low-fertility planting site 
with all its natural stresses. Another desired trait is the 
production of hyphal strands or sclerotia to enhance 
nutrient and water absorption during moisture stress 
conditions and to enhance survival potential of the 
fungus. All of the above criteria are meaningless unless 
the candidate fungus is aggressive and can form abun- 
dant ectomycorrhizae on seedlings as soon as short 
roots are produced. This is another characteristic com- 
mon among early-stage fungi. The fungus should be 
able to maintain superiority over naturally occurring 
fungi, such as Thelephora spp., on seedling roots in the 
nursery. Even though the effect of a fungus on seedlings 
may only be temporary and it is supplanted years later 
by other fungi in the outplanting site, this advantage can 
make the difference between survival or death of newly 
planted seedlings and can greatly improve their early 
growth performance (Marx et al. 1991). 

Most reports on inoculation techniques with 
ectomycdrrhizal fungi involve basidiomycetes on pines, 
oaks, and eucalyptus. Techniques were developed 
mainly out of the necessity to grow tree species that 
require ectomycorrhizae in areas of the tropics where 
ectomycorrhizal fungi are absent. Several types of 
natural and laboratory-produced inocula and several 
methods of application have been used through the 
years. Many of the techniques have proven successful; 
others have not. The most widely used natural inocu- 
lum, especially in developing countries, is soil or humus 
collected from established pine plantations (Mikola 
1973; Marx 1980). In most instances, the original soil 
inoculum came from mature pine plantations on other 
continents. Major drawbacks with soil inoculum are the 
lack of control of species of ectomycorrhizal fungi in 
the inoculum and the harmful microorganisms and 
noxious weeds that it may contain. Soil inoculum, 
however, is better than none. 

Spores of various fungi such as P.  tinctorius, 
Rhizopogon vinicolor, and R. colossus have been used 
as inoculum to form specific ectomycorrhizae on tree 
seedlings in the United States and several other coun- 
tries. The major advantages are that spores require no 
extended growth phase under aseptic conditions and 
they usually maintain viability in storage from one 
season to the next. However, spore inoculum has 
several disadvantages: spores of many ectomycorrhizal 
fungi have not been germinated in the laboratory to 
determine spore viability; formation of ectomycorrhizae 
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by basidiospores usually takes 3 to 4 weeks longer than 
vegetative inoculum of the same fungus (Theodorou 
and Bowen 1970; Marx and Cordell 1990); and there is 
a lack of information on their genetic definition. Ge- 
netic diversity in basidiospores can be enormous, par- 
ticularly if spores are collected from many geographic 
areas and from different tree hosts and combined into a 
single inoculum. 

Mycelial or vegetative inoculum of ectomycorrhizal 
fungi has been repeatedly recommended as the most 
biologically sound material for inoculation. Several 
researchers in various parts of the world have developed 
cultural procedures for producing vegetative inoculum 
of a variety of fungi for research purposes. 

The vegetative form of P. tinctorius inoculum has 
been used in fumigated nursery soil and other growing 
media to form ectomycorrhizae on numerous species of 
Abies, Carya, Picea, Pinus, Pseudotsuga, and Quercus 
seedlings in bareroot and container seedling nurseries 
throughout the United States and on various Pinus spp. 
in Brazil, Canada, Congo, France, Ghana, Liberia, 
Nigeria, Mexico, South Korea, and Thailand (Marx and 
Bryan 1975; Marx 1980; Alvarez and Trappe 1983; 
Marx et al. 1984). Many other tree species, including 
Eucalyptus, Castanea, Fagus, and Salix have been 
inoculated with this inoculum and formed abundant 
ectomycorrhizae in various tests. It is very possible that 
P. tinctorius, under the proper test conditions, will form 
ectomycorrhizae on all tree species that form 
ectomycorrhizae under natural field conditions (Marx 
et al. 1991). 

Until recently, artificial inoculation of P. tinctorius 
or any other ectomycorrhizal fungus species was lim- 
ited because procedures, commercial fungus inoculum, 
and necessary equipment were not readily available to 
nurserymen. The USDA Forest Service has been coop- 
erating with several private companies to develop dif- 
ferent types of commercial ectomycorrhizal inoculum, 
along with equipment and procedures needed for inocu- 
lating bareroot and container-grown seedlings. In addi- 
tion to P. tinctorius ectomycorrhizal inoculum, strains 
of Hebeloma sp., Laccaria sp., and Scleroderma sp. are 
currently available. The types of P. tinctorius inoculum 
that are available are vegetative inoculum and bulk 
spores (Mycorr Tech, Worthington, Pennsylvania), and 
spore pellets, spore-encapsulated seeds, and bulk spores 
(from either International Forest Tree Seed Co., 
Odenville, Alabama, or SouthPine, Inc., Birmingham, 
Alabama). A nursery seedbed applicator has been 
developed to accurately place P. tinctorius vegetative 
inoculum in seedbeds prior to sowing in bareroot nurs- 
eries. Inoculum is applied in bands under seed rows at 
desired depths. Use of the applicator has reduced the 
amount of vegetative inoculum needed by 75% and 

reduced the time and labor requirements when com- 
pared to broadcast application. A vegetative inoculum 
applicator has also been developed for side-banding 
inoculum between rows of established seedlings. Both 
applicators are commercially available from R.A. 
Whitfield Manufacturing Co., Mableton (Atlanta), Geor- 
gia (Cordell et al. 1987; Cordell et al. 1991). 

Operational procedures vary among different com- 
mercial P. tinctorius inoculum types, but with any 
inoculum, the biological requirements of a second liv- 
ing organism are added to those of the seedling. Special 
precautions are necessary for shipping, storing, and 
handling the P. tinctorius inoculum, as well as for 
lifting, handling, and field planting of seedlings. For 
successful P .  tinctorius inoculation in bareroot seed- 
beds, populations of pathogenic and saprophytic fungi 
and native ectomycorrhizal fungi that may already be 
established in the soil must be reduced by soil fumiga- 
tion, preferably in the spring, with fumigants compa- 
rable in effectiveness to the methyl bromide-chloropi- 
crin formulations. Prior to spring sowing, vegetative 
inoculum can be broadcast on the soil surface and 
incorporated into the fumigated seedbeds or it can be 
applied by machine with greater effectiveness and effi- 
ciency. For container-grown seedlings, vegetative in- 
oculum can be incorporated into the growing medium 
before filling the containers or the inoculum can be 
placed at selected depths in the growing medium in the 
container. Bulk spores can be sprayed, drenched, or 
dusted onto growing medium for containerized seed- 
lings and onto seedbeds in bareroot nurseries. Spore 
pellets can either be incorporated into the growing 
medium or seedbed soil, or they can be broadcast on the 
soil surface, lightly covered, and irrigated. Spore pel- 
lets have been applied at several nurseries with a stan- 
dard fertilizer spreader. Spore-encapsulated seeds can 
be sown by conventional methods. A major disadvan- 
tage of the P. tinctorius spore inoculum is the absence 
of a reliable means of determining or controlling spore 
viability. Consequently, P. tinctorius ectomycorrhizal 
development has been considerably less consistent and 
effective with spore inoculum than with vegetative 
inoculum (Cordell et al. 1987). 

Research has shown that to obtain maximum growth 
on reforestation sites of southern pine seedlings inocu- 
lated with P. tinctorius, a threshold level of at least half 
of all ectomycorrhizae must be those of P. tinctorius at 
the time of planting (Pt index 50) (Marx et al. 1991). 
Additional novel types of ectomycorrhizal fungus in- 
oculum that are being used effectively include macer- 
ated sporocarp suspensions in the Pacific Northwest of 
the United States (Castellano and Molina 1989), cal- 
cium alginate bead vegetative mycelium inoculum in 
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container (85%) and bareroot (15%) nurseries in the 
Pacific Northwest. Forest Mycorrhizal Applications in 
Grants Pass, Oregon, is commercially producing spore 
suspensions of various Rhizopogon and Suillus species 
for nurserymen in the Pacific Northwest. Industrial 
fermentation and entrapment in calcium alginate beads 
have been successfully employed to produce pure cul- 
ture inoculum in France (LeTacon et al. 1988). In 
Canada, vegetative inoculum of several ectomycorrhizal 
fungus species has been successfully producedin indus- 
trial fermentors for operational applications in con- 
tainer and bareroot nurseries (Marx et al. 1991). In 
Quebec, Canada, there are plans to field test planting 
stock inoculated with commercially produced liquid 
ectomycorrhizal fungus vegetative inoculum (Rhizotec 
Laboratories, Inc., Lava1 University, Quebec, Canada). 
Mycorrhizal tablets are now commercially available in 
the Philippines from the National Institutes of Biotech- 
nology and Applied Microbiology (BIOTECH) (Marx 
et al. 1991). 

cost 
There is a wide range in the cost of commercial P. 
tinctorius inoculum (Table 1). Cost of each inoculum 
type also varies with such factors as nursery seedling 
density, seed size for spore-encapsulated seeds, and 
field planting spacing. Recently, cost of vegetative 
inoculum of P. tinctorius for bareroot nurseries per unit 
of forest product were reduced 25% by increasing 
nursery seedbed inoculation efficiency, improving ef- 
fectiveness of inoculum, and decreasing application 
rates. The vegetative mycelium is sold on a volume 
(liter) basis, while the spore inocula are all sold on a 
weight (pound) basis (Cordell et al. 1987). The cost of 

the most expensive vegetative mycelium inoculum 
($1.50per 1000 seedlingsor$l3.45perplantedhectare) 
is 5% or less of the total plantation establishment costs. 

Conclusions 
Many methods have been developed to establish 
ectomycorrhizae on forest tree seedlings. Pure vegeta- 
tive inoculum has the greatest biological advantage. 
Pure cultures of certain fungi can be used to improve 
survival and growth of tree seedlings on a variety of 
sites. A few fungi are being used in practical reforesta- 
tion and reclamation programs in the United States 
today. However, these results represent only the begin- 
ning of a much-needed widespread practical program. 
Millions of hectares of potential exotic forests must be 
established on former treeless sites in the Third World, 
and millions of hectares of deforested lands await 
artificial regeneration throughout the world. For these 
purposes and for normal reforestation efforts, the need 
for ectomycorrhizal technology is paramount. The 
technology still is very young. A tremendous amount of 
basic and practical informationmust be revealed if these 
fungi are to be fully utilized and integrated into existing 
forestry programs (Marx et al. 1991). Symbiotic rela- 
tionships between tree seedlings and mycorrhizal fungi 
are the rule in nature. Most conifer and some hardwood 
species require ectomycorrhizae for survival. The qual- 
ity of ectomycorrhizae for a planting site depends on the 
combination of host tree and fungus species; optimum 
combinations can be produced by inoculating seedlings 
for specific applications, such as mineland reclamation. 
Custom production of mycorrhizal seedlings has been 
incorporated into bareroot and container nursery opera- 
tions. The quality of mycorrhizae and their seedling 

Table 1. Commercial Pisolithus tinctorius inoculum costs ($) - 1989 

Inoculum costs ($) per' 
Pisolithus tinctorius 
inoculum type 1000 seedlings Hectare Acre 

Vegetative mycelium 7.50 13.45 5.45 

Spore encapsulated seed 2.22 3.98 1.61 

spore pellets 2.75 4.93 2.00 

Double-sifted bulk spores2 0.43 0.77 0.31 

'Cost estimates are for loblolly and slash pine bareroot nurseries (269 seedlings/m* - 25 seedlings/sq. ft.) 
and forestation plantings (1.8 x 3.0 m - 6 x 10 ft. spacing; 1794 trees/ha. - 726 treedac.) in the southem 
U.S. Costs for longleaf pine bare-root seedlings (129 seedlings/m2 - 12 seedlingshq. ft.) is $15.63/1000 
seedlings, $28.02/ha of plantation, and $1 1.35/ac. of plantation. 

*Double sifting is required for even flow through spray nozzles; standard spores are only sifted once. 
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hosts can also be improved through careful manage- 
ment of existing ectomycorrhizae. The symbiotic rela- 
tionship between the tree seedling and the mycorrhizal 
fungus is an integral component of nursery seedling 
production. Any estimates of seedling quality that 
exclude quantitative and qualitative mycorrhizal as- 
sessments are incomplete and unrealistic. 

Artificial container and bareroot nursery inocula- 
tions are expected to increase in the near future. .Addi- 
tional technological developments will be accompa- 
nied by ectomycorrhizae application expansions in- 
volving broader geographic areas, tree hosts, 
ectomycorrhizal fungi, and forest-related products. 
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Abstract 
The Pacific Forestry Centre provides forest nurseries with a pest diagnostic service. Organization and operation of 
the diagnostic pest service is done with a software package called “Nursery”. The software runs on the Digital VAX 
8650 at the Pacific Forestry Centre. An example of the information included in a record and a letter produced by this 
pest diagnostic service is given. 

Resume 
Le Centre forestier du Pacifique offre un service de diagnostic des parasites. L’organisation et le fonctionnement 
de ce service reposent sur un logiciel appelt ”Nursery”; le programme est exCcutC sur un ordinateur Digital VAX 
8650, au Centre forestier du Pacifique. Le compte rendu comprend un exemple des renseignements inclus dans un 
dossier et d’une lettre Cmanant du service de diagnostic des parasites. 

The Pacific Forestry Centre has provided forest nurser- 
ies in British Columbia with a pest diagnostic service 
since the early 1970s. At that time, the Pacific Forestry 
Centre had a protection research program that studied 
disease problems relating to both forests and forest 
nurseries. The need for the nursery service developed 
because rapidly changing techniques for growing forest 
seedlings created new problems that required immedi- 
ate identification to prevent substantial loss in stock 
production. 

As nursery production increased, so did the volume 
of material sent to the Pacific Forestry Center for 
identification. In 1985, it became necessary to process 
these identification requests more efficiently. Entering 
data directly into a computer organized the information, 
made it more uniform, and reduced errors. Information 
regarding a particular sample became readily acces- 
sible. Annual summaries could be prepared quickly, 
and current trends were more easily recognized and 
compared with past trends in the expanding data base. 

Nursery production in British Columbia has been 
coordinated by the British Columbia Ministry of For- 
ests which needed to be kept informed of problems 
generated at the nurseries. The pest clinic at the Pacific 
Forestry Centre sent letters to personnel at the British 
Columbia Ministry of Forests regarding pest diagnoses. 
The computer system is designed to generate these 
letters faster, thereby enabling personnel at the provin- 
cial ministry to make cultural recommendations based 
on results from the pest clinic. 

The software package is called “Nursery”. Develop- 
ment of the package was undertaken by the software 
development section at the Pacific Forestry Centre in 
response to a request from the seedling pathology 
section. Disscussions between the computing and pa- 
thology sections indicated that a system that paralleled 
but automated the existing paper system was required. 

Because portability was not required, the project 
was carried out taking advantage of computing tools 
available at the Pacific Forestry Centre. When the 
package was created in 1985, reports and summaries 
were prepared on an ad hoc basis, so a package that 
could only generate fixed reports would be of little 
value. Instead, a connection to a local database product 
was provided that enabled the user to construct queries 
in such a way as to produce the desired report. The 
package was completed in June, 1985. 

Currently, Nursery is written in VAX fortran using 
a screen management tool, FMS. It runs on the VAX 
8650 at the Pacific Forestry Centre. An illustration of 
the data accepted by the database is given below and an 
example of a letter produced by this software is given in 
Figure 1. 

Table 1 is an example of the information collected 
by the “Nursery” program. The information collected 
includes details that are not required to produce re- 
sponses to client inquiries but which allows periodic 
summaries to be made. Summaries made on specified 
topics discloses trends and helps forecast client de- 
mand. This particular information is from Report W4- 
123. 
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Table 1. Examples of Information collected in the “Nursery” Program 

REQUEST #: 123 
REQUESTED BY: John Doe 
ENTERED BY: JJD 
BUSINESS: Pacific Regen. Tech. Inc. Chilliwack Nursery 

P.O. Box 242 
Vedder Crossing 
vox 1zo 

MATERIAL TYPE OF MATERIAL AGE 
western red cedar container 2+0 
white spruce bareroot 2+0 
Douglas-fir container 1 +o 
peat container 

16-4-94 

DAMAGE LOCATION 
foliage 
shoot tip 
roots 

SAMPLE A 

ADDITIONAL INFORMATION: 
Western red cedar 2+0 with foliage damage. Please determine if it is a disease or whether it is a cultural or 
environmental damage. 

OBSERVATION: 
Foliage damage has large apothecia of DIDYMASCELLA THUJINA. Lower foliage only. Average on 15 plants is 
30% of the lower foliage necrotic. Plug seedlings were grown in 21 1 styroblock containers and are too tall and 
overcrowded. 

INCUBATION: 

CULTURES: 

DIAGNOSIS: 
DZDYMASCELLA THUJINA (Keithia blight) found on western red cedar at Chilliwack River Nursery. Fortunately 
it is a small crop of 500,000 seedlings and will be going onto a fairly dry site. 

SAMPLE B 

ADDITIONAL INFORMATION: 
White spruce, bareroot 2+0 with shoot tip necrosis. Please assess for disease, cultural or environmental causes. 

OBSERVATION: 
Terminal shoots collapsed and mushy. Youngpycnidia forming but no spores as yet. Roots look healthy and lower 
stems are normal. 

INCUBATION: 
1614. 4 shoot tips. 1814 - confirmed SIROCOCCUS STROBILINUS. 

CULTURES: 
1614. 2114 early results look like SZROCOCCUS on from all stem pieces cultured. 

DIAGNOSIS: 
SIROCOCCUS STROBILINUS causing shoot tip blight on white spruce from Chilliwack. 
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Table 1. (continued) 

SAMPLE C 

ADDITIONAL INFORMATION: 
Coastal Douglas-fir, container, 1+0 with root necrosis. Please check for disease. 

OBSERVATION: 
Shoots are wilted but lower stems are healthy. Roots are black, thickened, lack root hairs, and short roots. Definitely 
root rot. 

INCUBATION: 

CULTURES : 
1614. Soil mix assay: PPA = 400 propagules per gram PYTHIUM, KM = 0 ppg FUSARIUM. 
1614 Root assay: 27/50 root pieces with PYTHIUM. 5/50 pieces with FUSARIUM. lots of TRICHODERMA & 
PENICILLIUM, CLADOSPORIUM. 

DIAGNOSIS: 
PYTHIUM root disease on Coastal Douglas-fir from Chilliwack River Nursery. 
SAMPLE D 

ADDITIONAL INFORMATION: 
Peat sample (Premier Manitoba) for pathogen assay. This quality grade peat is being used for a 1 million seedling 
crop of lodgepole pine. Please assess for pathogens. 

OBSERVATION: 
Peat is a light brown, coarse fibred material. No apparent lumps or clumps. 
Odour is “normal” with no musty or mouldy smell. 

INCUBATION: 

CULTURES: 
Soil mix assay: PPA = 0 PYTHIUM, KM = 0 FUSARIUM 

DIAGNOSIS: 
No pathogens were found in the peat sample sent in from Chilliwack River. 

COMMENTS: 
As I mentioned on the phone, the western red cedar you sent is infected with Keitha blight (DIDYMASCELLA 
THUJINA). Approximately 30% of the foliage from all seedlings is infected. Considering the site these trees are 
to be planted in soon is a dry site, the trees should be able to outgrow the disease. The cool, wet summer and 
overcrowding has contributed to the problem. The white spruce tips are infected withSIROCOCCUSSTROBILINUS. 
Again, the weather has contributed to the high disease levels. Roguing the affected seedlings should reduce the 
spread. Also, the reduced nitrogen fertilizer will lignify the shoot tissues increasing resistance to infection. The 
Douglas-fir you sent had PYTHIUM root rot. This is caused by having a saturated soil mix. Roguing, again, will 
reduce the spread and improved water management should prevent further losses. The peat sample you sent has been 
assayed and no PYTHIUM or FUSARIUM was found. As you are aware, the sample is very small and it cannot be 
inferred that there are no pathogens in the rest of the truck load. If you would like, we can test more samples to build 
confidence that this is standard for the whole load. 
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PC5720 
Pacific Forestry Centre 
506 West Bumside Rd. 
Victoria, B.C. V8Z 1M5 
Phone: (604) 363-0600 

July 26, 1990 

John Doe 
Pacific Regen. Tech. Inc. Chilliwack Nursery 
P.O. Box 242 
Vedder Crossing, B.C. 
vox 1zo 

Dear John: Re: Pest Clinic Report #94-123 

As Imentionedonthephone, the westernredcedar you sent is infected with Keithablight (DIDYMASCELLA 
THUJINA). Approximately 30% of the foliage from all seedlings is infected. Considering the site these 
trees are to be planted in soon is a dry site, the trees should be able to outgrow the disease. The cool, wet 
summer and overcrowding has contributed to the problem. The white spruce tips are infected with 
SIROCOCCUS STROBILINUS. Again, the weather has contributed to the high disease levels. Roguing 
the affected seedlings should reduce the spread. Also, the reduced nitrogen fertilizer will lignify the shoot 
tissues increasing resistance to infection. The Douglas-fir you sent had PYTHIUM root rot. This is caused 
by having a saturated soil mix. Roguing, again, will reduce the spread and improved water management 
should prevent further losses. The peat sample you sent has been assayed and no PYTHIUM or FUSARIUM 
was found. As you are aware, the sample is very small and it cannot be inferred that there are no pathogens 
in the rest of the truck load. If you would like, we can test more samples to build confidence that this is 
standard for the whole load. 

Yours truly, 

John Dennis 
Reforestation Disease Technician 

Figure 1. Example of a letter prepared by the “Nursery” software package. 

160 



Monoclonal antibodies and their application in forestry 

ABUL K. M. EKRAMODDOULLAH 

Forestry Canada, Pacific Forestry Centre, 
506 West Burnside Road, Victoria, British Columbia, 

Canada, V8Z lM.5 

Presented at the first meeting of IUFRO Working Party S2.07-09 
(Diseases and Insects in Forest Nurseries), Victoria, British Columbia, Canada, August 22-30,1990. 

Abstract 
In this paper, a few basic concepts of immunology are introduced. These concepts are (i) antibody structure, (ii) 
functional fragments of antibody molecules, (iii) antigen-antibody interactions, (iv) antibody specificity and 
antibody affinity, (v) antigen cross-reactivity, (vi) cells involved in the antibody response, (vii) clonal selection, 
(viii) hybridoma technology, (ix) immunological techniques to screen hybridoma supernatant for antibody activity. 
The application of monoclonal antibodies was discussed in terms of their use in (a) affinity chromatography to isolate 
a specific antigen, (b) establishing structure-function relationships, (c) detection of seed-borne pathogens and (d) 
the study of host-pathogen interactions. Possible applications of these techniques in forestry are discussed. 

. 

ResumC 
Cet expos6 porte sur plusieurs concepts de base dans le domaine de l’immunologie: i) structure des anticorps; ii) 
fragments fonctionnels des molCcules d’anticorps; iii) interactions antigbne-anticorps; iv) SpCcificitC et affinit6 des 
anticorps; v) rkactivitt crois6e des anticorps; vi) cellules participant 2 la rkaction immunitaire; vii) stlection clonale; 
viii) technologie des hybridomes; ix) techniques d’immunologie utilistes pour examiner l’activit6 des anticorps 
dans le surnageant hybridome. On y traite Cgalement de l’application des anticorps monoclonaux dans: a) la 
chromatographie d’affinitk pour isoler un antigbne spkcifique; b) 1’6tablissement de relations structure-fonction; c) 
la d6tection des agents pathogknes transmis par la semence; d) 1’Ctude des interactions h6te-agent pathogbne. Enfin, 
l’auteur examine les possibilitis d’application de ces techniques en foresterie. 

Introduction 
Since the first successful production of monoclonal 
antibodies by Kohler and Milstein more than a decade 
ago, there has been a tremendous stride forward in 
various diagnostic procedures in medicine. In addition 
to applications in diagnostics, monoclonal antibodies 
are used to enhance our basic understanding of disease 
processes. For their effort, Kohler and Milstein were 
awarded the Nobel prize. This paper will describe some 
applications of monoclonal antibodies and discuss how 
these immortal magic molecules can be applied in 
forestry. First, I will review a few basic concepts of 
immunology as they relate to antibodies. 

Antibody structure 
Antibodies, also known as immunoglobulins, are a 
group of glycoproteins present in the serum and tissue 
fluids of all mammals. Their production is induced 
when the host comes in contact with antigens foreign to 
the host. Antibodies bind specifically to the antigen 
which induced their formation in the first place. The 
basic structure of an antibody molecule is shown in 
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Figure 1. Figure 1. General structure of an IgG antibody 
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Figure 2. Enzymatic cleavage of IgG antibody into fragments 

The molecule consists of four polypeptide chains. 
Two identical heavy chains are linked together by 
disulfide bonds, and the two light chains are also linked 
to the heavy chains by a disulfide bond. The light chain 
has a molecular weight of 25 000, and the molecular 
weight of the heavy chain is 50 000. The molecular 
weight of the entire molecule is thus 150000. On 
reduction and alkylation, these polypeptide chains can 
be dissociated. With a technique called SDS polyacryl- 
amide gel electrophoresis (SDS-PAGE), the dissocia- 
tion mixture can be resolved into two bands corre- 
sponding to the heavy and light chains. , 

Functional fragments of antibody molecules 
The antibody molecule has two binding sites which are 
formed between the heavy and light chains. The 
separated chains, therefore, are unable to bind to anti- 
gens. However, the molecule can be cleaved enzymati- 
cally into functional fragments as shown in Figure 2. 
Papain, a plant proteolytic enzyme, can cleave the 
molecule at the hinge region into three fragments: two 
monomeric fragments (Fab) retaining the antigen bind- 
ing site, and a third fragment (Fc) which is a part of two 
heavy chains. The enzyme pepsin cleaves the antibody 
molecule at two points in the heavy chain resulting in 
a major fragment called F(ab), (which retains both 
antigenic binding sites) and a few fragments of low 
molecular weight. Although these fragments were 
initially generated by Porter and Edelman to establish 
structure-function relationships of antibody molecules, 
for which work they received the Nobel prize, the 
importance of these fragments stems from their exten- 
sive use in the development of reagents and methodol- 
ogy used in research or diagnostics. For example, to 
produce specific antibodies in rabbits to a mouse im- 
munoglobulin molecule which in this case will be an 

antigen, the Fc fragment rather than the whole molecule 
will be used to immunize the rabbits, since most of the 
antigenic characteristic of the immunoglobulin mol- 
ecule resides in this fragment. On the other hand, if one 
employs immunocytochemical techniques to localize 
cell surface molecules putatively involved in plant- 
pathogen interactions, one would prepare an antibody 
molecule of interest, then prepare a F(ab), fragment of 
the molecule, and then label these fragments with gold 
for electron microscopy or with a fluorescent com- 
pound for light microscopy. The reason the entire 
molecule is not used is that the Fc fragment is sticky and 
may give rise to non-specific binding. Moreover, the 
Fab fragment is smaller than the whole molecule, and so 
it has easy access to the target molecule and can interact 
with it more easily. 

Antigen-antibody interactions 
What forces are involved in the interaction between an 
antigen and antibody? The interaction between the 
antigen and antibody is governed by the law of mass 
action; the equilibrium constant K (which in this case is 
known as the affinity constant) is given by the formula 
in Figure 3 and can be experimentally measured by 
determining the concentration of the antigen-antibody 
complex and the concentration of their free forms. The 
forces that keep the complex together are mainly elec- 
trostatic, hydrogen bonding, and van der Waals forces. 
This complex can be dissociated by altering the pH of 
the reaction mixture. To a given antigenic site one could 
generate different types antibodies which would differ 
in affinities. A high affinity antibody would have a 
perfect fit for the antigenic site while a low affinity 
antibody would have apoor fit (Figure 3). In hybridoma 
technology (the technology used to produce mono- 

I I . 
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Figure 3. Antigen antibody interactions: a high-affinity antibody 
(left) will have avirtually perfect fit to the antigenic site; alow affinity 
antibody (right) will have a poor fit. 
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clonal antibodies) antibodies of different affinities can 
be selected. Thus, if the purpose of producing mono- 
clonal antibody is the detection of a plant pathogen 
which may be present in very small amounts, then one 
would select the high-affinity antibody. However, if the 
purpose is to isolate a specific protein such as disease 
resistance protein or a virulent factor derived from a 
pathogen, one would use the low-affinity antibody, 
since it will be necessary in this application to dissociate 
the antibody-antigen complex. 

Antibody specificity and antigen cross-reactivity 
An important characteristic of antigen-antibody reac- 
tions is their high level of specificity. Thus, if one 
produces antibodies to an antigen A which has three 
different antigenic sites x, y and z, polyclonal antibodies 
are produced which have these three specificities; these 
antibodies will react specifically with the immunizing 
antigen and will fail to recognize antigen C which lacks 
these three antigenic sites (Figure 4). On the other hand, 
if the antigenic site y is also present in a related antigen 
B then a part of the antibody population will also bind 
to antigen B and these antigens are regarded as cross- 
reactive, having a common antigenic site y .  To render 

Antibodies 

anti-x anti-y anti-z anti-y 

Antiaen A Antiaen B Antiaen C 
( Immunizing Antigen ) 

SPECIFIC REACTION CROSS REACTION NON- REACTION 

Figure 4. Antigen cross reactivity 
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Figure 6.  Clonal selection 

these polyclonal antibodies specific for antigen A,  the 
traditional method is to deplete the anti-y antibody 
population by extensively absorbing them with antigen 
B.  In hybridoma technology, one can produce and 
select monoclonal antibodies which will recognize ei- 
ther antigenic site x or z ,  and these antibodies will be 
truly specific for antigen A .  

Cell co-operation in antibody response 
What types of cells are involved in the antibody re- 
sponse? When an antigen is encountered by the host 
immune system, the antigen is processed by a group of 
cells known as antigen presenting cells (Figure 5) .  The 
antigen is picked up by the antigen presenting cell, 
degraded, processed, and the fragments are expressed 
on its cell surface. The antigen presenting cells present 
the processed antigen to two types of lymphocyte cells, 
T helper cells (T ) and B cells. The receptor on B cells ' 
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Figure 5.  Cell cooperation in antibody response. APC = antigen 
presenting cell; TH = T helper cell; B = B cells; AFC = antibody 
forming cells. 
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Figure 7. Cell fusion to produce monoclonal antibodies 
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is the immunoglobulin itself and it binds the antigenic 
site. On the other hand, T helper cells binds to the 
different part of the antigen molecule which is ex- 
pressed on the cell surface of the antigen presenting 
cells in association with an Iamolecule characteristic of 
the antigen presenting cell. On interaction with anti- 
body presenting cells, and receiving a help signal from 
T cells, the B cells differentiate into antibody producing 
cells which proliferate and mature to provide antibodies 
in the circulation. Of passing interest, it is the T helper 
cells that get knocked out when an individual is infected 
with the HIV virus that leads to the development of 
AIDS. 

Clonal selection 

EachB cell is programmed to make one type of antibody 
which is placed on its suface as receptors (Figure 6 ) .  If 
a B cell having the specificity of X proliferates and 
matures into antibody producing cells, all such cells will 
produce antibodies exactly of the same specificity and 
the resulting antibodies will be monoclonal. However, 
in vivo, a number of B cells with different specificities 
would proliferate and mature, and the resulting antibod- 
ies would be polyclonal. In hybridoma technology, 
there is a way of separating these polyclonal B cells of 
different specificities into monoclonal cell populations 
which in tum produce monoclonal antibodies. 

Hybridoma technology 
The principle of hybridoma technology is illustrated 

in Figure 7. Animals such as mice are immunized with 
the antigen. Once the animals are making antibodies, 
they are killed, and the spleen - a primary organ of the 
immune system - is removed. The immune spleen 
contains the antibody forming cells with many different 
specifities. Single cell suspensions of these cells are 
then prepared, mixed with a single cell suspension of a 
tumor (myeloma) cell line. Polyethylene glycol (PEG) 
is added to initiate the fusion of these two different types 
of cells. The resulting hybrid cell will produce antibod- 
ies, like the immune spleen cells, and will grow indefi- 
nitely, like the tumor cells. These hybrid cells are 
immortal, and are a source of unlimited amounts of 
antibodies. Following the addition of PEG, the cells are 
pelleted by centrifugation to remove excess PEG, and 
then washed and cultured in a medium containing HAT. 
(H stands for hypoxanthine, A stands for aminopterine 
and T stands for thymidine). The parental myeloma cell 
line is sensitive to this media because aminopterine 
blocks its de novo DNA synthesis, and these cells do not 
have an altemate route of synthesizing DNA. However, 
the hybrid cells inherit an altemate route from the 
parental immune spleen cells, and so both hybrid cells 

and immune spleen cells are resistant to the HAT 
medium. On the other hand, the immunne spleen cells 
do not grow for long in cultures. 

When cells are grown in a 96-well plate for 14 days 
in this medium, only the hybrid cells survive. Cell 
supematants are withdrawn at this stage and wells 
containing antibody activity are identified. The number 
of positive wells is a measure of successful fusion. At 
this stage, the hybrid cells produce polyclonal antibod- 
ies. The next step is to obtain amonoclonal cell line, and 
this is accomplished by the limiting dilution technique. 
Cells from each of the wells in which antibody activity 
was detected are diluted until there is only one hybri- 
doma cell per well. These cells are grown, and their 
supematnant is tested for antibody activity. Cloning is 
repeated to ensure a stable cell line. Once subcloned, 
some of the cells are frozen for storage; other cells are 
grown in flasks to produce large amounts of antibodies, 
either by expanding the cell culture in vitro or growing 
them as tumors in vivo. In my laboratory, I prefer to 
produce monoclonal antibodies in ascites. Once sub- 
cloned, hybridoma cells are injected intraperitoneally 
into mice. After 7-10 days, depending on the type of 
hybridoma cells, the abdominal cavity is filled with 
ascites containing antibodies. Antibodies are then iso- 
lated from these ascites by biochemical methods. 

One of the critical areas in hybridoma technology is 
the selection of clones secreting antibodies of the de- 
sired specificity. I have used two immunochemical 
techniques for selecting specific clones. These are (i) 
enzyme-linked immunoassay (ELISA) and (ii) Westem 
immunoblot. In ELISA (Figure 8), a 96-well plate is 
coated with antigen which gets adsorbed onto the plate. 
Areas on the plate surface on which the antigen was not 
adsorbed are then blocked with gelatin to prevent non- 
specific adsorption of the test antibody. After washing, 
the cell supernatant from hybridoma cells is added. The 
test antibody will bind to the antigen, and a second 
antibody labelled with an enzyme is then added, The 
second antibody is usually developed against the Fc 
portion of the test antibody. One can also use Strepto- 
coccus aureus protein A, which also binds the Fc 
portion of the immunoglobulin. After the unbound 
portion of the second antibody is removed by washing, 
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Figure 8. Enzyme-linked immunosorbent assay (ELISA) 
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a colorless enzyme substrate is added, which is con- 
verted into a colored product in the presence of the 
enzyme bound to the second antibody. The color 
intensity is measured spectrophotometrically and the 
amount of antibody is quantitated. The whole proce- 
dure can be automated. At this stage one can also use 
differential screening. In this method, another cross- 
reactive antigen is used in parallel to coat the antigen, 
wells showing positive antibody activity to both antigens 
are discarded, wells showing positive antibody activity 
only to the test antigen are kept for further expansion. 

The second method we used is the Western 
immunoblot (Figure 9). This method is useful if the 
immunizing antigen is actually a mixture of antigens. A 
complex mixture of antigens is first electrophoretically 
separated on a polyacrylamide gel by electrophoresis. 
A nitrocellulose membrane is then placed on top of the 
gel, followed by a filter paper. The whole sandwich 
assembly is then put in an electrophoresis cell, and 
antigens separated on the gel are transferred to the 
membrane when current is applied. The membrane is 
processed for immunodetection as illustrated for the 
ELISA technique. Figure 10 shows the application of 
the Westem immunoblot technique in establishing the 
specificity of a monoclonal antibody which we pro- 
duced (Ekramoddoullah etal. 1986a; Kisil et al. 1980). 
The immunizing antigen was a mixture of grass pollen 
proteins, which were separated by polyacrylamide gel 
electrophoresis. These proteins were transferred onto 
the nitrocellulose membrane shown on the right lane. 
This Western blot was developed with a monoclonal 
antibody which only reacted with one component, indi- 
cating that this monoclonal antibody is specific for this 
component. We now have a battery of monoclonal 
antibodies which recognize a majority of these compo- 
nents separately. During our screening we found a large 
number of monoclonal antibodies that would recognize 
a majority of these components collectively; on further 
examination, these monoclonal antibodies were shown 
to recognize a common carbohydrate structure present 
on these pollen proteins (2) .  The point I want to stress 
here is that one does not need a purified preparation of 
immunizing antigen to obtain monoclonal antibodies - 
what is needed is a suitable screening procedure. 

Genetically engineered monoclonal antibody 
Technology to produce genetically engineered anti- 
body has emerged within the past year (Sastry et al. 
1989; Huse et al. 1989). Genes coding for heavy chains 
and light chains reside on different chromosomes on B 
cells. The mRNA for both heavy and light chains is 
transcribed in the antibody forming cells (Figure 1 l), 
which could be either immune spleen cells or hybri- 
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Figure 9. Westem immunoblot 

Figure 10. Westem immunoblot. The left lane is a rye grass pollen 
extract separated by SDS-PAGE. The right lane is the corresponding 
Westem immunoblot: note that only one of the many components was 
stained by the antibody. 
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Figure 1 1. Productionofmonoclonalantibodies by geneticengineering. 
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Figure 12. Schematic diagram of a typical allergic reaction triggered 
by an allergen. Path A represents allergic reaction, and path B 
represents inhibition of the allergic reaction by univalent allergen 
fragments. 
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doma cells. mRNA is isolated, amplified by polymer- 
ized chain reaction technology and a cDNA library is 
constructed separately for both chains in the virus 
(bacteriophage). DNA is extracted, spliced, ligated and 
re-expressed such that both heavy and light chains are 
transcribed on one mRNA strand and expressed ulti- 
mately as the antibody molecule. 
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Applications of monoclonal antibodies 
Affwity chromatography 
We made use of these monoclonal antibodies by prepar- 
ing reversed immunosorbents to purify various antigens 
inasingle-step process (Linetal. 1988; Ekramoddoullah 
et al. 1986b). 

Structure function relationships 
Monoclonal antibodies have also been used to study 
structure-function relationships of biologically active 
molecules. I will draw an example from a medical field 
(allergy) for the simple reason that I am more familiar 
with that field; however, the same principles can be 
easily adapted to study host-pathogen interactions in 
forestry. Individuals who suffer from hayfever, such as 
grass pollen allergy, produce a harmful antibody called 
IgE (Figure 12). This antibody has the same structural 
features as other antibodies which were discussed ear- 
lier. However, they are different in that the molecule 

has an extra domain in Fc region which allows the 
molecule to bind to mast cells or basophils; we at1 have 
these granulaled cells under the skin, lining the mucous 
membrane, and in the circulation system. In a typical 
allergic reaction, the multivalent allergen combines 
with the cell-bound IgE antibodies causing these mol- 
ecules to cross link. Once cross-linked, the cells 
degranulate, releasing histamine that is present in the 
granules, and this causes the allergic reaction. How: 
ever, if the allergen is fragmented into univalent units, 
the fragments will bind cell-bound IgE, but because of 
their univalency they cannot cross-link IgE molecules 
and so cannot trigger allergic reactions. Then, since the 
IgE molecules are occupied by these univalent frag- 
ments, the multivalent allergen is unable to elicit the 
allergic reaction. By virtue of their ability to inhibit 
allergic reactions, these fragments have therapeutic 
potential. We have used monoclonal antibodies to 
identify these allergenic sites. The approach was to 
produce a battery of monoclonal antibodies to many 
sites of a given allergen. In an in-vitro assay we 
screened the monoclonal antibodies for their ability to 
bind the allergenic site so that it blocks the binding of 
IgE antibodies to the same site, leading to the inhibition 
of allergic reactions. 

A typical example (Ekramoddoullah et al. 1987) is 
shown in Figure 13. This is a solid phase radio- 
immunossay measuring the level of harmful antibodies 

Figure 13. Inhibition of the binding of human IgE antibodies by 
monoclonal antibodies: Mab 27 is specific to this allergen, and Mab 
12 is not specific to this allergen. 

166 



present in the sera of patients allergic to grass pollen. 
Figure 13 illustrates the effect of two monoclonal anti- 
bodies, Mab 27 and Mab 12. Mab 27 is specific for the 
particular allergen which elicited the IgE antibodies 
being measured. As the concentration of the Mab 27 
monoclonal antibody was increased, there was a dra- 
matic inhibition of the binding of IgE to the allergen. 
This inhibition is specific; the other monoclonal anti- 
body which binds to a different allergen did not inhibit 
the binding of IgE to the allergen. Thus, a major 
allergenic site on this particular allergen was identified. 

Detection of seed-borne pathogens 
Monoclonal antibodies have been used (Mitchell and 
Sutherland 1986; Mitchell 1988) to detect the seed- 
bome pathogen Sirococcus strobilinus. Sirococcus 
blight is a sporadic but serious problem in container 
nurseries where it causes mortality of Sitka and white 
spruce and of lodgepole and ponderosa pine seedlings. 
Current methods for detecting seed-borne pathogens 
such as S. strobilinus involve plating surface-sterilized 
seeds onto nutrient media and identifying the emerging 
fungi on the basis of general morphology and produc- 
tion of distinctive spores. These pathogens were de- 
tected by two immunological assays based on mono- 
clonal antibodies which were produced to the mycelial 
proteins of these pathogens. These methods were 
compared with plate assay. A total of 12 seedlots were 
examined. There were three healthy seed lots included, 
and the pathogen could not be detected in these by either 
technique. Of the remaining nine, the pathogen could 
be positively detected in only three seed lots with the 
plate assay technique. However, the pathogen was 
detected in all nine seedlots using the dot immunossay, 
demonstrating the sensitivity of immunological meth- 
ods. 

Host-pathogen interactions 
One of the major applications of monoclonal antibodies 
in forestry would be in the study of host-pathogen 
interactions. Recently, Hardham (1989) from Australia 
has used monoclonal antibodies to localize and charac- 
terize molecules involved in the infection caused by the 

fungus Phytopthoru cinnumomi. This fungus attacks a 
wide variety of fruit, ornamental, and forest trees. 
Zoospores, the major infective agent of the fungus, may 
be transported downhill over a long distances in water 
moving within or on the surface of the soil. When they 
contact the surface of a root, they encyst; this process is 
characterized by a change in cell shape from ovoid to 
spherical, loss of flagella, secretion of material which 
appears to have adhesive properties, and formation of a 
microfibrillar cell wall. Following encystment, the 
fungus firmly attaches to the host surface, cysts germi- 
nate, and the fungal hyphae colonize adjacent tissues. 
Hardham produced monoclonal antibodies to this fun- 
gus and examined surface components by immunofluo- 
rescence microscopy. A total of 35 monoclonal anti- 
bodies, each of which recognized different surface 
areas of the fungus, were examined; nine different 
pattems were apparent. Some of the monoclonal anti- 
bodies were also shown to discriminate various isolates 
of the fungus; thus, monoclonal antibodies are a useful 
tool in taxonomy as well as in diagnostics. 

Hardham also used these monoclonal antibodies to 
study the induction of encystment, and the storage and 
secretion of adhesive material during encystment. The 
monoclonal antibody that labels only the surface of the 
flagella was shown to trigger encystment, indicating 
that the molecules involved in this process reside on the 
flagella surface. The author also found that one mono- 
clonal antibody stained the contents of the large vesicles; 
this was demonstrated by attaching gold particles to the 
monoclonal antibodies and observing their distribution 
by electron microscopy. The contents of smaller vesicles 
stained a different group of monoclonal antibodies. A 
time course study revealed that the contents of the small 
vesicles are secreted during encystment, and that the 
contents of the large vesicles were not secreted. This 
suggests that the contents of the small vesicles are 
involved in encystment. 

. 
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Abstract 
Of the more than 50 Phytophthora species described worldwide, only 10 are associated with root rot of bare-root 
conifer seedlings primarily used for reforestation. These species are sometimes difficult to isolate and even more 
difficult to identify. A general review of isolation methods to improve recovery is presented. Physiological and 
morphological characteristics of these species are described which are particularly useful when identifying isolates 
from bare-root conifer seedlings. Methods for observing the fungi are provided along with a key to simplify species 
identification. The geographical range and conifer hosts attacked are identified. 

Resume 
Parmi plus de 50 espbces de Phytophthora dCcrites dans le monde, on n’en compte que 10 qui causent le pourridit 
chez les semis de conifkres B racines nues principalement utilisCs dans le reboisement. Ces espbces sont parfois 
difficiles B isoler et encore plus difficiles B reconnaitre. On passe en revue les mCthodes d’isolement servant 5 
amCliorer la dCtection des champignons. On dCcrit les caractkristiques physiologiques et morphologiques de ces 
espbces qui sont particulibrement utiles pour identifier les isolats provenant de semis de conifkres ?I racines nues. 
L’article comporte des mCthodes d’observation de ces champignons ainsi qu’une clC facilitant I’identification des 
espbces. On prCcise la distribution gkographique des champignons ainsi que les espbces de conifbres h6tes. 

Introduction 
Phytophthora species cause losses to bare-root conifer 
seedlings in forest nurseries in many locations through- 
out the world. Phytophthora cinnamomi Rands is the 
most widespread species; it is reported to cause damage 
in The Netherlands (Slavekoorde 1978), United King- 
dom (Aldhous 1972), New Zealand (Basset and Will 
1964; Newhook 1970), South Africa (Broembsen 1981; 
Donald and Broembsen 1977), and Australia (Kassaby 
and Hepworth 1987; Oxenham and Winks 1963a, 
1963b). In the United States, P. cinnamomi has been 
reported throughout the East and from the southeastern 
states (Bruck and Kenerley 1983; Crandall et al. 1945; 
Jackson and Crandalll935; Kenerley and Bruck 1981; 
Kuhlman and Smith 1975), and in the Pacific Northwest 
(Pratt et al. 1976). Other species of Phytophthora that 

have been reported in forest nurseries included the 
following: P. citricola Sawada in Australia (Davison 
and Bumbieris 1973) and the United States in Michigan 
(Adams and Bielenin 1988) and North Carolina (Shew 
and Benson 1981); P. cryptogea Pethy. and Laff. in 
Australia (Davison and Bumbieris 1973), and north- 
west North America including British Columbia ( H a ”  
et al. 1985; Pratt et al. 1976); P. cactorum (Leb. and 
Cohn) Schr. in Sweden (Molin et al. 1961), United 
Kingdom (Aldhous 1972), and the United States in 
Michigan (Adams and Bielenin 1988) and the Pacific 
Northwest (Hamm and Hansen 1982a); P. cambivoru 
(Petri) Buisman in northwest North America (P.B. 
Hamm, unpublished data); P. drechsleri in British Co- 
lumbia (Hamm et al. 1985) and the United States 
(Benson et al. 1976; Hamm and Hansen 1982a; Pratt et 
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al. 1976); P. gonapodyides (Peterson) Buisman in north- 
west North America (Brasier et al. 1989); two distin- 
guishable groups of P. megasperm Drech. in the United 
States in Oregon and Washington (Hansen and H a "  
1983), and a single group in Australia (Davison and 
Bumbieris 1973); P. parasitica Dastur in Australia 
(Davison and Bumbieris 1973) and the United States in 
Florida (Barnard et al. 1985); and P. pseudotsugae in 
the United S h e s  in Oregon and Washington ( H a "  
and Hansen 1982a, 1983, 1987; Hansen et al. 1979; 
Pratt et al. 1976). 

Two additional fungi deserve mention, although 
they have not yet been associated with root rot in bare- 
root nurseries. Phytophthora lateralis is an aggressive 
pathogen of Chamuecyparis lawsoniana in forests, 
ornamental plantings, and ornamental container nurser- 
ies in northwestern North America. It is a serious threat 
wherever Port Orford cedar is grown. Phytophthoru 
undulatum, much better known as Pythium undulatum, 
has been found in the United Kingdom (Pitts and 
Calhoun 1984) and in streams from remote forested 
areas of North America (Hamm et al. 1988). It releases 
zoospores like a Phytophthora (Dick 1989) but has 
growth and pathogenicity more like a Pythium. These 
two species are easily separated from the Phytophthora 
species described here by following the information 
provided elsewhere ( H a "  and Hansen 1987; Hamm 
et al. 1988). 

Phytophthora has been overlooked as a cause of tree 
mortality in the past because of difficulties in isolation, 
recognition, and identification of the pathogen. Recent 
advances in chemical control (Bruck and Kenerley 
1983; H a "  et al. 1984) and information on host 
preferences of these fungi (Campbell and Hamm 1989; 
Hamm and Hansen 1982a) can be utilized in disease 
management (Cooley et al. 1985) only after proper 
isolation and identification of the pathogens. This paper 
has a dual purpose: (1) to review general isolation 
procedures to provide aid in recovering Phytophthora, 
and (2) to present a simplified key to identify species 
found on bare-root conifer seedlings primarily grown 
for reforestation. 

More than 50 species of Phytophthoru are described 
worldwide, but only 10 taxa have been reported from 
bare-root conifer seedlings. One of these 10, P. 
parasitica, will not be dealt with in detail because 
isolation and damage has been infrequent and minor. 
Focusing on the nine remaining species simplifies the 
problem of identification. Keep in mind, however, that 
isolates of a species may be variable. In addition, one 
may recover a species not previously reported. For 
these reasons, this key should be used in conjunction 
with other comprehensive works (Ho 1981; Newhook 

. 

1970; Waterhouse 1963, 1970; Waterhouse and 
Blackwell 1954) to confirm your identification. 

While the central theme is the isolation and identi- 
fication of Phytophthora, a related genus, Pythium, is 
commonly found in the same environments and is 
therefore frequently recovered when isolating 
Phytophythora. For this reason, information has been 
included to aid in distinguishing Phytophthora from 
Pythium. 

Isolation of Phytophthoru 
Isolation of Phytophthora can be difficult due to a 
number of factors such as ( 1) the species of Phytophthora 
involved, (2) the presence of fast-growing contami- 
nants, and (3) the condition of the material from which 
isolations are attempted. A variety of selective tech- 
niques, however, are available, each with advantages 
and disadvantages for particular situations. Direct 
isolation from recently infected tissue is generally the 
most reliable and straightforward method. Combining 
direct isolation with plugging infected roots into apples 
can improve recovery from seedlings (Hansen et al. 
1979). Baiting methods are generally best to recover 
Phytophthoru from soil or water, especially if popula- 
tions are low. Pythium sp. can be easily isolated by the 
same methods except where hymexazol (see later dis- 
cussion) is used. 

Direct isolation 
Placing portions of diseased tissue directly on selective 
medium is the most straightforward approach to isola- 
tion. This method works best where active margins of 
infection can be identified. Collect samples that are 
fading or recently killed, and do not let the roots or stem 
dry out. Always place samples in a cooler after collect- 
ing in the field during warm months. Direct isolation is 
usually difficult from old dead or dried material, or from 
material that was poorly stored after collecting. Once in 
the laboratory, the sample should be thoroughly washed 
and then carefully examined by lightly scraping the 
cortex to identify the reddish brown discoloration of 
diseased phloem. Small (2 to 4 mm) cross-sectioned 
pieces of root from the advancing margin are then 
removed. Frequency of isolation is often higher from 
smaller (lateral) versus larger (tap) roots exhibiting this 
symptom. These pieces are surface sterilizedone minute 
in 1% sodium hypochlorite (laundry bleach mixed 1:4 
with distilled water); smaller sections are sterilized for 
less time. Never allow root pieces to dry prior to plating. 
Sections are then rinsed in two changes of sterile dis- 
tilled water, blotted dry, and plated on corn meal agar 
containing pimaricin, ampicillin, and rifamycin 
[CMP+A+R (the recipe for this and other media is 
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found at the end of this paper)]. Isolation plates are 
placed inverted, in the dark, at room temperature. Put 
no more than seven well-spaced pieces per plate. Within 
24 to 36 hours, Pythium sp. will begin growing from the 
diseased pieces and will be clearly visible. These 
should be subcultured, if wanted, then the wood seg- 
ment plus the entire growing Pythium colony should be 
cut out to prevent the overgrowth of other wood frag- 
ments. Phytophthoru colonies should be visable within 
36 to 48 hours. 

' 

Isolation from water 
Phytophthora is commonly spread via zoospores in 
water, whether from an irrigation canal, a pond, a 
drainage ditch, or a forest stream. Zoospores follow a 
chemical gradient and can be trapped, or baited, from 
water with an attractive substrate. 

Fruit baits. Unripe fruits (apples, pears, lemons, avoca- 
dos, etc.) are widely used to bait Phytophthora from 
water. Overripe fruit can be infected by a wide range of 
organisms, but intact green fruit, floating in water, is 
reasonably selective for fungi with motile zoospores. 
Some Phytophthoru spp. will not decay particular fruits, 
however, so negative results must be interpreted with 
care. Apples (cultivars that remain green and hard are 
especially useful) and pears have been widely used. 

Fruit baits are suspended in the water source for five 
or six days in a loosely woven bag held in place with a 
wire flag. Fruits are then incubated at room temperature 
for up to a week. Infections will appear as dark patches, 
similar to bruises, after one or more days at 20°C. Areas 
of firm, brown decay may indicate Phytophthoru infec- 
tion; soft or juicy decay is probably caused by other 
organisms. Phytophthoru is recovered by aseptically 
splitting the fruit from healthy to infected areas and 
transferring 1 -mm2 portions from the margins of areas 
of firm decay to CMP+A+R. 

Seedling baits. Intact seedlings suspended in water as 
baits can be highly specific for recovering Phytophthora 
species. Port Orford cedar seedlings have been used in 
this manner to monitor P. lateralis in forest streams and 
roadside drainages (Dr. L.F. Roth, personal communi- 
cation). Seedlings are grown in plastic tubes until their 
roots emerge from the bottom. They are then placed in 
shallow water and held by wire flags, or in deeper water 
on floats. After a convenient trapping period (7 to 10 
days) seedlings are returned to the greenhouse for 
incubation (2 to 6 weeks). They should be checked at 
weekly intervals for crown symptoms. Direct isolations 
from diseased roots or stems of symptomatic seedlings 
confirm the presence of Phytophthoru. 

From soil 
Phytophthora can be recovered from soil by baiting or 
by dilution plating. The former allows sampling a much 
larger volume of soil, but the latter allows easier quan- 
titative population estimates. The challenge is to sepa- 
rate the target fungus from the many other organisms in 
the soil that might mask or inhibit its growth and 
detection. Modern selective media greatly aid this 
process, but recovery of slow-growing Phytophthoru 
species is still difficult at best in most soils. Each of the 
techniques described below is selective against some 
Phytophthora spp. Always test your technique against 
the target organism. 

Stuffed apples. Unripe apples can be stuffed with moist 
soil, roots, or both and incubated to allow the character- 
istic firm, brown Phytophthora decay to develop on the 
fruit's exterior. A cork borer (9 to 12 mm diameter) 
works well to remove a plug from the apple. The hole 
is then refilled immediately with the soil sample, or 
roots, then sealed with tape. Water can be added to the 
soil prior to stuffing, making a thick paste. Root 
segments can be poked directly into the apple without a 
cork borer hole. Apples are incubated at room tempera- 
ture (or cooler if your target fungus has a lower optimum 
temperature). Apple baits are split open, cutting from 
the non-bruised to bruised areas. Samples are then 
removed from margin areas, and placed onto CMP+A+R. 
P.pseudotsugae grows slowly or not at all in apples and 
cannot be isolated by this technique. 

Flouting foliage baits. Water can act as a selective 
medium to separate zoosporic fungi from those without 
motile spores. The double-cup technique of Linderman 
and Zeitoun (1977) has been adopted to recover P. 
lateralis and P. cinnumomi from soils (Hamm and 
Hansen 1984). Separating the organic matter (by flota- 
tion and wet sieving) from the mineral soil fraction 
concentrates Phytophthoru propagules. This technique, 
developed by Ostrofsky et al. (1977), increases both the 
volume of soil sampled and recovery rates. This tech- 
nique could be used when isolating other Phytophthoras 
by simply changing the bait used. 

The doublecupis prepared from twonested Styrofoam 
drinking cups, one bottomless. Cheesecloth held by the 
bottomless cup separates the sample be1o.w from float- 
ing baits above. Five 3-cm lengths of succulent cedar 
foliage with small branchlets removed are used for 
recovering P. lateralis and P. cinnumomi, but lupine 
seedlings or eucalyptus leaf discs are also widely used 
for recovering Phytophthoru. Baits can be floated on 
distilled water or on distilled water with 20 pg/mL 
hymexazol added, which helps to inhibit contamination 
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by Pythium spp. ( H a "  and Hansen 1984). After six 
days the baits are removed and blotted on sterile filter 
paper, then transferred to CMP+A+R containing only 
10 g of cornmeal agar per litre. This medium allows 
baits to be easily pushed into the agar. Other baiting 
methods have been developed for isolating Phytophthoru 
from soil. Check Jeffers and Aldwinckle (1987) for a 
more complete list. 

Dilution plating. Phytophthoru can be isolated directly 
from some soils on selective media. One method, well 
cited in the literature, was developed by Tsao and Ocana 
(1969), Using a medium containing pimaricin, 
vancomycin and PCNB (P,,VP), Phytophthoru can be 
isolated successfully by traditional soil dilution meth- 
ods, or by adding soil directly to the surface of the 
medium. Jeffers and Martin (1986) reported an im- 
provement over P,,VP by changing the antibacterial 
agents and adding hymexazol (see CMP+A+R prepara- 
tion). The amount of the dilution or soil added varies 
with each soil and needs to be determined through 
preliminary trials. Usually, a dilution of to is 
a good starting point. Plates should be incubated in the 
dark at approximately 20°C and Phytophthora colonies 
observed after two days and three to four days. Colonies 
are recognized by macroscopic characteristics, micro- 
scopic examination, or by subculturing on fresh me- 
dium to allow more complete observations. Faster 
growing species (e.g., P. cinnumomi or P. cryptogeu) 
are usually more reliably isolated by this method. 

Identification of Phytophthoru 

Water molds (Oomycetes) versus other fungi 
The taxonomic distinctions between the Phycomycetes 
and the Ascomycetes or Basidiomycetes are very basic, 
often quite technical, and not very helpful when faced 
with a hundred isolation plates. Phytophthoru and 
Pythium colonies are white, and grow at a slow to fast 
rate (generally, Phytophthoru spp. grow at a slow to 
moderate rate and Pythium spp. grow at a moderate to 
fast rate), without conidia or any multicellular fruiting 
bodies. One of the most useful characteristics is the 
ability of Phytophthora and Pythium to grow on agar 
amended with the antibiotic pimaricin [also called 
Natamycin and Delvocid (Eckert and Tsao 1962)l. 
Most other fungi are inhibited. 

Pimaricin is light sensitive, and should be stored in 
a dark, cool (5OC) place. The selective effect is gradu- 
ally lost when plates are incubated or stored in the light, 
or held for a week or more. However, with proper care, 
pimaricin-amended medium provides an effective means 
for isolating and the best first screen for identifying 
Phytophthora and Pythium. 

Phytophthora versus Pythium 
Pythium species are widespread in the same habitats as 
Phytophthora, are often abundant, and are usually fast- 
growing. Not only are they superficially similar to 
Phytophthoru, but they are likely to overgrow any 
Phytophthora present. Pythium species can be patho- 
gens in their own right, but with very different behavior, 
and with different consequences for the seedling or tree. 
It is essential to distinguish accurately between the two. 
A reliable selective medium does not exist to differen- 
tiate these two genera in every instance. However, at 
least one antibiotic has been shown to be effective in 
some applications ( H a "  and Hansen 1984; Hansen et 
ul. 1979; Massago et ul. 1977). Fortunately, the techni- 
cal distinction between these genera is easily observed 
in most cases. 

With experience, growth rate and hyphal character- 
istics can be used to recognize most Phytophthoru and 
Pythium isolates. Generally, Pythium colonies are fast- 
growing, and less dense, often with strongly radiating 
hyphae. Less subjective characters exhibited by some 
isolates, but not all, include round non-papillate spo- 
rangia, hyphae with a smaller diameter, and small 
oogonia often with multiple antheridia or with multiple 
oospores. These features are not generally found in 
Phytophthora. The ultimate distinction, however, is 
based on differences in indirect germination (the forma- 
tion of zoospores) of sporangia between the two genera. 
In Phytophthora, cytoplasm differentiates into zoos- 
pores within the sporangium. At germination, the 
active zoospores are released, sometimes momentarily 
into a transparent vesicle, then they burst free and swim 
away. The vesicle is usually not visible at all. Pythium 
zoospores, on the other hand, diffeientiate from cyto- 
plasm in the vesicle, not in the sporangium. The vesicle 
may not always be visible but the cluster of developing 
zoospores will be easily seen distal to the tip of the 
sporangium. They remain in the vesicle for minutes or 
even hours as they differentiate from the cytoplasm. 
The formation of a persistent (long lasting) vesicle does 
not always indicate a Pythium sp. At least one 
Phytophthora, P. undulutum, reportedly differentiates 
cytoplasm into zoospores both in sporangia and vesicles 
(Dick 1989). 

Methods for inducing sporangia are described be- 
low. Growth characters in pea broth (PB) during 
sporangial induction should give clues to identity even 
before the formation of sporangia. Pythium colonies 
will be thin and fast-growing; they do not stick to the 
bottom of the plastic Petri plate. Phytophthora colonies 
are dense, relatively slow growing, and adhere to the 
Petri plates. 
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The species of Phytophthora found in 
bare-root forest nurseries 

Methods for identification 
The species of Phytophthora present on seedlings can 
be identified, with experience, by their characteristics 
on one of two growth media: carrot agar [CA (Brasier 
1972)] or clarified V-8 agar [clar V-8A (Hamm and 
Hansen 1987)l. Information on colony morphology, 
sexuality, oogonial characteristics, growth rate, chlamy- 
dospores, and sometimes sporangia can be obtained on 
either one of these media. 

Oogonia and Oospores. Oospores are formed as aresult 
of the sexual fusion of single-celled antheridia and 
oogonia. These “male” and “female” structures may be 
formed by a single strain of a homothallic species or 
during mating of two different strains of a heterothallic 
species. Oospores are distinguished from chlamydos- 
pores by the presence of two walls, the external oogo- 
nium wall and an internal, thicker wall around the 
oospore itself. Mature oogonia will also have an an- 
theridium attached. Antheridia attach either around the 
oogonial stalk (amphigynous) or elsewhere on the oo- 
gonium, often adjacent to the stalk (paragynous). 

Most homothallic species found in bare-root conifer 
forest nurseries will form oogonia readily on carrot agar 
or clar V-8A after 1 to 3 weeks in the dark at room 
temperature. If oogonia have not formed in four weeks, 
repeat the procedure on fresh agar. Failure to form 
oogonia after repeated efforts suggests a heterothallic 
fungus. Original cultures should come from single 
zoospore isolates or be subcultured from hyphal tipped 
colonies to prevent a mixed culture that could incor- 
rectly indicate a homothallic condition. 

Isolates suspected to be heterothallic, because they 
failed to produce oogonia in single culture, should then 
be paired with one or more known heterothallic species, 
using both A’ and A* mating types. If moderate to large 
numbers of oogonia consistently form with pairings to 
the same mating type, then the isolate is likely heteroth- 
allic. However, the production of oogonia does not 
necessarily mean the two isolates belong to the same 
species. Oogonial formation is hormonally regulated 
and can be induced when two different species are 
paired (KO 1980). The resulting oogonia are nearly 
always the result of selfing and are not the result of 
interspecific crosses (Boccas 1981). 

A good technique to help recognize when selfing 
has occurred in interspecific pairings is using a known 
species with distinctive oogonial characteristics, such 
as P. cambivora. This species produces oogonial walls 
with clearly seen projections. When paired with an 
unlike species of the opposite mating type, two oogonial 

types can be seen in the pairing - one with omate 
oogonia belonging to P. cambivora, and the other 
smooth walled, belonging to the other isolate. Size 
differences and other characteristics can also be distinc- 
tive in other species and can be used similarly. 

Chlamydospores. In Phytophthora, these resting struc- 
tures are spherical to ovoid, single-celled, and either 
intercalary or terminal on the hyphae. They are delim- 
ited from subtending hyphae by septations. 
Chlamydospores, if produced, will usually form on 
either CA or clar V-8A. 

Sporangia. The asexual zoospores of Phytophthora are 
formed in sporangia, usually in water. Sporangia are 
eithernon-papillate (without terminal protrusion), semi- 
papillate, or papillate. Sporangial shape and size vary 
with age and growth conditions. It is important to use 
standard practices for identification. Characteristics 
should be observed on the first-formed sporangia. A 
listing of the different factors influencing sporangial 
production can be found elsewhere (Ribeiro 1978). 
Sporangia can be produced in a number of ways. One 
good and reliable method is to grow isolates in pea broth 
(PB) in the dark, at room temperature, for three to five 
days or until the colonies are 1 to 2.5 cm in diameter. 
Colonies are then carefully and thoroughly rinsed with 
distilled water, flooded with soil extract water [SEW 
(directions for preparation are at the end of this paper)], 
and placed in the dark for 12 to 16 hours to induce 
sporangia. 

Some species of Phytophthora will form sporangia 
and release zoospores above solid media flooded with 
distilled water. Use young colonies (3 to 5 days old) on 
clar V-8A or lima bean agar (LBA), flood and rinse 
repeatedly with sterile water over 6 to 8 hours to leach 
out excess nutrients, then flood again and incubate for 
an additional 6 to 8 hours. Sporangia will usually form. 
A related method uses agar discs containing 
Phytophthora. When placed in SEW as above, spo- 
rangia will be induced within 12 to 16 hours. This is a 
quick method but generally the number of sporangia 
produced is less than either method already mentioned. 
Zoospore release can sometimes be stimulated by re- 
placing SEW with distilled water and chilling for 15 to 
30 minutes. 

To determine whether sporangia &e deciduous, 
vigorously swirl flooded colonies containing sporangia. 
Deciduous (caducous) sporangia will float free. 
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Key to selected Phytuphthoru species 

A Zoospores always differentiated outside the sporangium in a vesicle ......................... Pythium spp. 
A, Zoospores liberated directly from sporangium. Phytophthora spp. ............................................. B 

produced in single strain culture on clar V-8A or CA ................................................................. C 
Oogonia average >46 pm ....................................................................... P. megasperma (BHR) 

C, Oogonia average <44 pm .......................................................................................................... D 

shaped, (length to width ratio usually large 1.4-1.6: 1.0) ....................... P. megasperma (DF) 

B Oogonia with predominantly (>50%) paragynous antheridia 

C 

D Sporangia non-papillate and non-deciduous, ovoid or pear- 

D, Sporangia moderately to markedly papillate, nearly round 
(length to width ratio small 1.0-1.2:l.O) ................................................................................ E 

E Sporangia deciduous, markedly papillate, oogonia average 28 pm, 
good growth (1-5 "/day) occurs on commeal agar at 30°C ......................... P. cactorum 

E, Sporangia non-deciduous, moderately to markedly papillate ........................................... .F 
F,  Oogonia average 35 pm, hyphal growth intertwined, little 

(1 "/day) or no growth occurs at 30°C .............................................. P. pseudotsugae 
F, Oogonia average 35 pm, hyphal growth parallel and distinctly 

pattemed on clar V-8A or CA, growth (>1.0 "/day) occurs at 

30"C, sporangia commonly with multiple apices .......................................... P .  citricola 
B , Oogonia with predominantly (>50%) amphigynous antheridia produced 

in single culture. Species not previously recovered from bare-root 
conifer nurseries. 

B, Oogonia rarely or never produced without opposite strain in clar 
V-8A or CA, moderate to fast growing (4-9 "/day at 20°C) .................................................. G 

G Mycelium with numerous small hyphal swellings ................................................. P.  cinnamomi 
G, Mycelium without numerous swellings ................................................................................... .H 

H Colony highly aerial with slight or no pattern on clar V-8A or CA, 
and fast-growing (5-9 "/day at 20°C) on cornmeal agar, sporangia 
37-55 x 23-30 pm; oogonia smooth-walled in paired culture .............................. P .  cryptogea 

H, Colony appressed with dense rosettes of sharp, compact petals 
on CA or clar V-8A, moderate growth (4-6 "/day at 20°C) 
on cornmeal agar ............................................................................................ P. gonapodyides 

H, Some rosette pattern, growth at 35°C. ................................................................. P. drechsleri 
H3 Colony moderately aerial, without pattern on clar V-8A or CA, 

and moderate growth (4-6 "/day at 15-20°C) on cornmeal agar. 
Sporangia large (58-73 x 38-45 km). Oogonia ornamented 
in paired culture ................................................................................................. P .  cambivora 
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The following descriptions highlight features of each 
species that are especially helpful in identifying isolates 
from forest nurseries. Other sources should be con- 
sulted for complete information (Newhook et al. 1978; 
Ho 1981; Waterhouse 1963, 1970; Waterhouse and 
Blackwell 1954). 

Phytophthora cactorum 
Papillate, deciduous sporangia and oogonia with 
paragynous antheridia are characteristic of this ho- 
mothallic species. This species has recently been found 
to be very uniform worldwide (M. P. Coffey, P. B. 
Hamm, and E. M. Hansen, unpublished data). 
Phytophthora cactorum most closely resembles iso- 
lates of P. pseudotsugae and P. citricola from bare-root 
conifer seedlings. Phytophthora cactorum is found on 
a wide range of hosts worldwide, including Abies, 
Pinus, and Pseudotsuga in the United States (Adams 
and Bielenin 1988; Hamm and Hansen 1987) and Pinus 
sylvestris in Sweden (Molin et al. 1961). 

Sporangia (range 36-50 x 28-35 mm); borne 
sympodially, are markedly papillate, ovoid to 
obpyriform, deciduous, and often formed in LBA and 
on other solid media. Abundant mature oogonia (range 
25-32 pm) with paragynous antheridia are commonly 
formed. Chlamydospores are rarely formed. 
Phytophthora cactorum successfully rots apple fruits. 

Phytophthora cambivora 
This species is heterothallic, moderately fast growing 
and patternless with aerial mycelium on clar V-8 agar or 
CA. Phytophthora cambivora generally grows more 
slowly than P. cryptogea, and produces larger spo- 
rangia, and oogonia. Oogonia are distinctly oma- 
mented and antheridia commonly are two-celled. It 
lacks the numerous hyphal swellings and chlamydos- 
pores ofP. cinnumomionclarv-8Aor CAortherosette 
pattern formed by P. gonapodyides or P. drechsleri. 
Phytophthoru cambivora has been found to cause root 
rot in the USA in a forest nursery (P.B. Hamm, unpub- 
lisheddata) andin Christmas tree plantations (Chastagner 
et al. 1990). 

Sporangia (58-73 x 38-45 mm) are unbranched, 
ovoid, and non-deciduous. Ornate oogonia (39-5 1 pm) 
with amphigynous antheridia form in paired culture 
with opposite mating types. The fungus rots apples. 

Phytophthora cinnamomi 
Chlamydospores are readily produced in culture. Of the 
species found associated with forest seedlings in nurs- 
eries, only P .  cinnamomi produces abundant chlamy- 
dospores (P. drechsleri produces chlamydospores in 
some isolates). Phytophthora cinnamomi grows much 

faster than P. lateralis (4-8 versus 1-2 “/day, respec- 
tively, at 20°C) with numerous hyphal swellings, and 
rots apples. Phytophthora cinnamomi has an extensive 
host and geographic range worldwide. It is reported to 
cause damage outside of the United States on 
Pseudotsuga menziesii (Aldhous 1972) and Pinus ru- 
diata (Basset and Will 1964; Donald and Broembsen 
1977; Kassaby and Hepworth 1987; Newhook 1970; 
Oxenham and Winks 1963a, 1963b) and in the United 
States on Abies fraseri (Bruck and Kenerley 1983), A.  
balsamea and Picea abies (Kenerley and Bruck 198 1), 
Pinus resinosa (Jackson and Crandall1935), and other 
conifers (Crandall et al. 1945; Kuhlman and Smith 
1975) throughout the eastern states and P. menziesii in 
the Pacific Northwest (Pratt et al. 1976). 

Sporangia (range 27-114 x 20-71 mm) are persis- 
tent, non-papillate, ellipsoid to ovoid and formed on 
unbranched sporangiophores. Oogonia (21-58 pm) 
form in paired culture and exhibit amphigynous an- 
theridia. Chlamydospores average 4 1 pm. Phytophthora 
cinnumomi rots apples. 

Phytophthora citricola 
Sporangia are often distorted in shape or with two 
apices, or sit askew on the sporangiophore. They are 
rarely produced in solid media. This species has been 
reported to damage Abies fr-useri, A. balsamea, A .  
concolor, A. procera, and Pseudotsuga menziesii in the 
United States (Adams and Bielenin 1988; Shew and 
Benson 198 1) and was reported from soil in a nursery in 
Australia (Davison and Bumbieris 1973). 

Sporangia (range 21-70 x 15-39 mm) are semi- 
papillate, non-deciduous, persistent, obpyriform or obo- 
void, and usually distorted with multiple apices. Oogo- 
nia with paragynous antheridia form in single culture 
(range 27-32 pm). The fungus rots apples. 

Phytophthora cryptogea 
This species is fast growing, heterothallic, and produces 
a patternless, aerial colony when observed on clar V-8A 
or CA. Hyphal swellings and chlamydospores are not 
produced. Sporangia and oogonia are smaller than 
those produced by P. cambivora. It is reported in the 
United States (Pratt et al. 1976) and British Columbia 
(Hamm et al. 1985) causing root rot of Pseudotsuga 
menziesii, and is also capable of causing root rot on a 
large number of other conifer species in artificial inocu- 
lations (Campbell and Hamm 1989; Hamm and Hansen 
1982a). 

Sporangia (range 37-55 x 23-30 mm) are non- 
papillate, persistent, non-deciduous, ovoid, and pro- 
duced sympodially. Oogonia are small (range 30-38 
pm) having amphigynous antheridia when produced in 
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paired culture. Chlamydospores are not formed. The 
fungus rots apples. 

Phytophthora drechsleri 

This species has been confused with P. cryptogea in the 
past and some think these species should be combined. 
Isolates of P. drechsleri from hosts other than conifers 
appear distinctly different from isolates of P. cryptogea 
from conifers and for that reason they are separated 
here. Both species are heterothallic and generally 
produce oogonia and sporangia of similar size and 
shape. Phytophthora drechsleri forms a slight to dis- 
tinct rosette pattern in V8A or CA and is lightly to 
moderately aerial. The production of sporangia with a 
tapered base is a characteristic that has been used to 
separate isolates of P. dreschsleri from P. cryptogea. 
Distinction of these two species most often centers 
around whether the isolate can grow or not at 35°C. 
Those which grow are identified as P. drechsleri. 

Sporangia (range 35-50 x 26-30 mm) are non- 
papillate, persistent, non-deciduous and generally 
obpyriform. Oogonia are small (ave. 36 p) with 
amphignous anthridia when produced in paired culture. 
The fungus rots apples. 

Phytophthora gonapodyides 
This species occasionally produces sporangia in solid 
media, particularly in isolation plates, a characteristic 
similar to P. cactorum. Chlamydospores are formed 
infrequently compared to the abundant production of 
these spores by P. cinnamomi. Colony pattern (strongly 
radiating) on clar V-8A or CA is distinctive. In the 
Pacific Northwest this species was originally identified 
as P. drechsleri (Hamm and Hansen 1982a; Hamm et al. 
1984,1985; Hansen et al. 1979,1980,1988; Pratt et al. 
1976). These isolates were recently found to be identi- 
cal with P. gonapodyides from the United Kingdom 
(Brasier et al. 1989). Phytophthora gonapodyides, 
reported as P. drechsleri, causes damage to a large 
number of conifer seedlings in the United States 
(Campbell and Hamm 1989; Hamm and Hansen 1982; 
Pratt et al. 1976). Phytophthora gonapodyides is found 
commonly in rivers and streams in remote and semi- 
remote areas of northwestern North America (E.M. 
Hansen and others, unpublished data, 1988), and in the 
United Kingdom (Pitts and Calhoun 1984). 

Sporangia are non-papillate, persistent and elon- 
gated (range 36-70 x 26-40 mm), and produced on 
sympodially branched sporangiophores. Oogonia do 
not form, or, if they are formed, are the result of selfing. 
Chlamydospores are formed infrequently. It rots apples. 

. 

Phytophthora megasperma DF 
Two distinct forms of P. megasperma are found in 
conifer nurseries. Oogonia of isolates belonging to P. 
megasperma DF are not as pigmented on clar V-8A or 
CA as is P. megasperma BHR, and are generally pro- 
duced in large numbers. Optimum growth occurs at 
27"C, but isolates also grow well at 35°C (1 to 2 mm/ 
day). Isolates of P. megasperma DF are inhibited (80% 
growth reduction) by metalaxyl at 1 pg/mL (Hansen 
and Hamm 1983; Hunger et al. 1982). Either group of 
P. megasperma can be separated from the other ho- 
mothallic species by their production of non-papillate 
sporangia and generally larger oogonia. Isolates of the 
group have been infrequently isolated from conifer 
seedlings in northwestern North America and from non- 
conifer hosts in the eastern United States and Japan 
(Hansen et al. 1986). Isolates of P. megaspermu DF are 
more aggressive than P. megasperma BHR in pathoge- 
nicity studies and are capable of causing root rot on a 
large number of conifer hosts but not alfalfa or clover 
( H a"  and Hansen 1981, 1982a). 

Sporangia (average 53 x 35 mm) are persistent, non- 
papillate, mostly ovoid, and are produced on unbranched 
sporangiophores. Oogonia (average less than 44 pm) 
with predominantly paragynous antheridia are pro- 
duced in single strain culture. Chlamydospores are not 
formed. The fungus rots apples. 

Phytophthora megasperma BHR 
Large oogonia produced in single-strain culture are 
characteristic. Oogonia are usually distinctly pigmented 
light brown or yellow brown and generally form in 
moderate quantities on clar V-8A or CA. Optimum 
growth temperature is 22°C.' The fungus will not grow 
at 35°C. Growth inhibition (in vitro) by metalaxyl at 1 
pg/mL is 45% (Hansen and Hamm 1983; Hunger et al. 
1982). Phytophthora megasperma BHR can be sepa- 
rated from the other homothallic species by the produc- 
tion of large oogonia with non-papillate sporangia. This 
species is present in nurseries of northwestem North 
America on P. menziesii and Abies sp. (Hamm and 
Hansen 1981, 1982a; Hansen et al. 1979; Hansen and 
Hamm 1983; Pratt et al. 1976) and is possibly found in 
Australia (Davison and Bumbieris 1973). It is not as 
aggressive as P. megasperma DF during pathogenicity 
studies but has a wider host range ( H a"  and Hansen 
1981, 1982.). 

Sporangial characteristics are similar to those listed 
under P. megasperma DF. Large oogonia (average 
more than 46 pm) are produced in single-strain culture 
with predominantly paragynous antheridia. 
Phytophthora megasperma BHR also rots apples. 
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Phytophthora pseudotsugae 
This species most closely resembles P. cactorum, but 
differs by producing larger oogonia, oospores that often 
abort (appearing empty to granular within the oogo- 
nium), and persistent sporangia; it has a lower optimum 
temperature for growth than P. cactorum (20-25 vs 25- 
27OC). Sporangia are rarely formed on solid media and 
are frequent in liquid culture. Phytophthora 
pseudotsugae does not form pigment on casein hydro- 
lysate-tyrosine medium, is sensitive to malachite green 
(Ho 1981), and does not decay apple fruits (Hamm and 
Hansen 1983) in contrast to P. cactorum. Phytophthora 
pseudotsugae rarely forms hyphal swellings, does not 
formchlamydospores, and nearly always has paragynous 
antheridia. Phytophthorapseudotsugae has been found 
only in bare-root conifer nurseries in northwestern 
North America, attacking Pseudotsuga menziesii and 
Abies sp. 

Sporangia (average 39 x 32 mm) are persistant and 
papillate. Oogonia (average 32 pm) are produced in 
single-strain cultures with paragynous antheridia. 
Phytophthora pseudotsugae rarely forms hyphal swell- 
ings and does not form chlamydospores. 

Media for isolation and 
identification of Phytophthora 

The following is a list of media, their preparation, and 
uses for isolation and identifying Phytophthora species. 
Additional information can be obtained elsewhere 
(Ribeiro 1978). 

Corn meal agar with pimaricin (CMP) 

Seventeen grams of cornmeal is added to 1000 mL 
distilled water, plus 20 pg/mL Pimaricin (concentration 
of active ingredient) and autoclavedfor 15 minutes at 15 
PSI. 

When preparing CMP, always add Pimaricin (also 
called Delvoced, available from Gist-Brocades, 2200 
Renaissance Blvd., Suite 150,King of Persia, PA 19406, 
1-800-662-4478) before autoclaving. This material 
comes as a 50% wettable powder. Keep Pimaricin 
refrigerated in powdered form in an amber bottle and 
out of direct light. Never use Pimaricin from stock 
solutions. Always use freshly prepared plates. Older 
plates can be used for maintaining pure cultures. 

CMP is a general selective isolation medium where 
bacteria are not a special problem, or for determining 
growth rate or long-term (12 months or longer for some 
species) storage of isolates in slants at 5°C. 

CMP +Ampicillin + Rifamycin (CMP+A+R) 
Add 17 g cornmeal agar and 20 pg/mL Pimaricin to 
1000mLdistilled water. Autoclave for 15 minutes at 15 

PSI. After the medium has cooled to 45"C, add 250 mg/ 
mL Ampicillin and 10 pg/mL Rifamycin from stock 
solutions. Stock solutions should be prepared using 
sterile water (Ampicillin) or a 50% ethanol solution 
(Rifamycin) and stored at 5°C. 

Rifamycin and Ampicillin inhibit bacteria without 
slowing Phytophthora or Pythium growth. This is a 
good all-purpose medium for isolating from plant ma- 
terial and is very helpful for removing bacteria from 
contaminated colonies. This recipe is modified after 
Jeffers and Martin (1986) who also added PCNB (100 
pg/mL). They reported good success in isolating both 
Pythium and Phytophthora from soil or plant material. 
When plating baits, a softer agar is helpful and more 
successful since baits can be pushed into the agar 
(Hamm and Hansen 1984). Follow the recipe above but 
use 10 g/L cornmeal agar for this purpose. 

Clarified V-8 Agar (clar V-8A) 
To 200 mL of V-8 juice add 1.5 g calcium carbonate. 
Heat in an autoclave at standard pressure for 5 minutes. 
This solution is then centrifuged at 2000 RPM for 15 
minutes and the supematant collected. To each 200 mL 
of supematant, add 800 mL of distilled water. Agar (15 
g/L) is then added to prepare clar V-8A or omitted for 
clar V-8 Broth, and is autoclaved for 15 minutes (Pratt 
and Mitchell 1973). 

Clar V-8A is particularly useful to observe oogonia 
and chlamydospore characteristics and can be used to 
obtain colony morphology information. Clar V-8B is 
useful for obtaining spores free of medium for inocu- 
lum. 

Carrot Agar (CA). 
Wash and chop 200 g of carrots (in blender), add water, 
and bring to a boil. Simmer for 45 minutes, then strain 
through cheese cloth. Add supernatant to water to make 
1000 mL. Add agar (15 g/L) and autoclave for 15 
minutes (Brasier 1972). 

Lima Bean Agar (LBA) 
Prepare as per bottle instructions. Phytophthora 
cactorum commonly forms large numbers of sporangia 
in this medium. 

Pea Broth (PB) 
In an autoclave, 150 g of split peas is heated in 1 L of 
distilled water for 3 minutes. The solution is then 
poured through a double layer of cheese cloth, bottled, 
and autoclaved for 15 minutes at 15 PSI (Trione 1974). 
Colonies grown in PB can be stimulated to produce 
sporangia by using SEW (see below). Chlamydospores 
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are also produced in large numbers in this medium by P. 
cinnamomi. 

PI0  VP. 
Add pimaricin of cornmeal agar 

PCNB are added after cooling to 45 to 48°C. The 
medium is useful in isolating some Phytophthora spe- 
cies from soil (Tsao and Ocana 1969). 

Soil Extract Water (SEW) 
Add equal amounts of soil and water, stir, and leave 
overnight at room temperature. Filter through qualita- 
tive filter paper (Zentmeyer and Marchall 1959). Soil 
extract water is used to stimulate sporangia formation, 

colonies with distilled or tap water carefully and thor- 
oughly prior to the addition of this material. Colonies 
are then placed in the dark for 12 to 16 hours. 

.a 

mg/mL) to 17 
before autoclaving. Vancomycin (200 pg/mL) and particularly in grown in pea broth. Wash 
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Abstract 
Diseases caused by Fusarium spp. are important factors reducing conifer seedling production, particularly in 
western North America. These diseases are especially damaging to container-grown seedlings. Although most 
conifer species are affected, these diseases are particularly damaging to Douglas-fir, western larch, true fir, and 
spruce. Several Fusarium spp. are involved, the most common being F. oxysporum and F. acuminatum. Preventing 
high infection levels through integrated pest management approaches is the most effective way of reducing losses 
from Fusarium diseases. Consistently placing isolates in proper taxa makes it difficult to work with Fusarium. 

Resume 
Les maladies causkes par Fusarium spp. contribuent CnormCment B rCduire la production de semis de coniferes, 
notamment dans l’ouest de 1’Amtrique du Nord. Ces maladies affectent tout particulikrement les semis en 
recipients. Bien qu’elles infectent la plupart des essences de conifkres, elles ravagent tout particulibrement le 
douglas taxifoliC, le mtlhze occidental, le sapin et 1’Cpinette. Plusieurs Fusarium differents causent des degbts, les 
plus rCpandus Ctant F .  oxysporum et F .  acuminatum. La faGon la plus efficace de rCduire les pertes causCes par 
Fusarium est d’empkher l’apparition de taux ClevCs d’infection g r k e  B l’utilisation de mCthodes de lutte intCgrCe. 
I1 est difficile de travailler avec Fusarium car il faut constamment classer les isolats dans le taxon approprit. 

Introduction 
Many early reports of diseases of conifer seedlings 
grown in nurseries described damping-off and root 
diseases. Fusarium spp. were consistently isolated 
from diseased seedlings and shown capable of eliciting 
disease in controlled pathogenicity tests (Gifford 191 1; 
Hartley and Merrill 1914; Hartley and Pierce 1917). 
Most control attempts involved using agricultural fun- 
gicides and fumigants to reduce disease losses (Hartley 
andMerrilll914). Many early studies were designed to 
determine which environmental factors in the nursery 
were conducive or restrictive to disease (Rathbun 1922; 
Tint 1945a, 1945b). 

Although environmental effects were studied, epi- 
demiology of the disease on conifer seedlings was 
unclear until a series of reports by Bloomberg (1971; 
1973; 1976) detailed the biology of root disease caused 
by F. oxysporum Schlecht. on bareroot Douglas-fir 
seedlings in British Columbia. This work provided the 
basis for understanding the epidemiology of F. 
oxysporum; a model outlining infection processes and 
disease development was formulated (Bloomberg 1979). 
This model helped nursery growers develop more effec- 

tive strategies for combating disease in bareroot nurser- 
ies. Unfortunately, not all of this information is appli- 
cable to container operations, which are increasing in 
importance in the western United States and Canada. 
Fusarium-associated diseases are extremely damaging 
in some container facilities (James 1986a). Efforts to 
control these diseases using common fungicides have 
often failed (James et al. 1988c; Williams 1989). To 
formulate more effective ways of reducing damage, 
investigations were initiated in the early 1980s to under- 
stand the biology of Fusarium spp. in container opera- 
tions. Results of some of this work are briefly summa- 
rized in this paper. 

Types of diseases 
Fusarium spp. cause several different diseases on coni- 
fer seedlings. These fungi decay seed, thus preventing 
germination (Bloomberg 198 1; Huang and Kuhlman 
1990; Matuo and Chiba 1966). They also induce 
damping-off either before (pre) or after (post) seedling 
emergence (Bloomberg 1981; Hartley etal. 1914; Lock 
1973). Damped-off seedlings are usually attacked at the 
radicle or main stem when tissues are succulent 
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(Spaulding 1914). Once eedling tem lignify a few
week after emergence they are no longer u ceptible
to damping-off (Rathbun-Gravatt 1925; Spaulding
1914). Fusarillm spp. also cause root disease during the
fir t growing season, but seldom cau e disea e on
bareroot tock during the second growing eason (Enebak
et al. 1990; Sinclair er al. 1975). Several Fusarillm pp.
are capable ofcau ing tem canker abo e orju t below
the groundline (Brownell and Schneider 1985; Cooley
1983; Han en and Hamm 1988): the e cankers ma
expand and eventually girdle seedling . SomeFllsarium
spp. al 0 cause top blight, resulting in apical dieback of
seedling (Bloomberg 1981; Hartley et al. 1914; Matuo
and Chiba 1966). Fusarium canker and top blight
diseases may be associated with other pathogenic or
ganism (Hansen and Hamm 1988).

A major problem in dealing with Fusarium disea e
is eedling infection without disea e ymptoms being
produced (Bloomberg 1971, 1973; Hartley er al. 1914;
Jame et al. 1987). Survey indicate that many eed
ling may be infected although di ea e symptom are
lacking (James and Gilligan 1988d), e pecially on con
tainer-grown seedling (Jame and Gilligan 1985, 1988a;
Jame et al. 1987).

80 t affected

Mo t conifer species are susceptible to infection by
Fusarium spp. (Bloomberg 1981). However, in we tern

orth American, most damage occurs on Dougla -fir,
we tern larch, true fir, and Engelmann spruce
(Bloomberg 1971; Han en and Hamm 1988; Jame
1985c; James and Gilligan 1985; James er al. 1987).
Sugar pine is also everely damaged in southern Oregon
and northern California (Cooley 1983). Although com
monly infected, pondero a pine rarely di plays di ea e
symptoms (James 1985c; James and Gilligan 1988a).

Associated Fusarium pp.

Work with bareroot conifer seedling identified F.
oxysporum as the major pathogen (Bloomberg 1971,
1973 1976, 1979; Brownell and Schneider 1985; Cooley
1983; Tint 1945a). Thi pecie i al 0 common on
container-grown eedling , but other pecies frequently
isolated includeF.aCllminarul/l Ell. & EV.,F.Ol'ellaceul/I
(Fr.) Sacc., F. solalli (Mart.) Appel & Wollenw.. F.
sambucillum Fuckel, and F. rricillCfll1/l (Corda) Sacco
(Jame er al. 1989b). I olates of F. o.\ysporum and F.
acuminarum can cause se ere di ea e of container
grown eedlings (Jame and Gilligan 1984; Jame et al.
1986 1989a). Other fu aria occasionally isolated from
container-grown conifer eedl ing include F. poae (Peck)
Wollenw., F. equiseti (Corda) Sacc., F.lateririufll ee.,
F. mOlliliforme Sheldon, F. proliferaf/llll (Matsu hima)

182

irenberg, F. slIbglutillaflS (Wollenw. & Reinking)
1 el on. Tou soun & Mara a , and F. sporotrichioides
Sherb. (lame 1986a; Jame and Gilligan 1985; Jame
er al. 1988c). Under certain environmental conditions,
some of the. e specie may be pathogenic to conifer
seedling (Bloomberg 1981; Rathbun-Gravatt 1925).

Epidemiology in container-grown eedling

Conifer eed assayed prior to or just after owing i
often contaminated with Fusariul/I spp. (Jame 1986b,
1987b). The e fungi are i olated mo t frequently from
eedcoat , with much lower levels found internally on

seed embryo (James 1987b). Extent of eed contami
nation seems related to eedlot, i.e., greater disea e
occurs within pecific eedlot . Disease levels are often
higher in eedlots obtained from squirrel caches than
those collected directly from trees (Jame 1987b) al
though ome specific lot gathered from trees may be
exten ively colonized with Fusarium (Jame 1985b).
Investigations to locate ources of eed contamination
during cone collection, tran port. and proce sing have
been lacking. However, Fusarium spp. may spread
throughout eedlots during tratification (W.R. Littke,
Weyerhaeuser Forestry Research Center, Centralia,
WA., personal communication) and are often intro
duced into container operations on contaminated seed
(James 1986a, 1987b).

Another important ource ofFusarium inoculum in
container operations i contaminated container reused
to grow everal crops of eedlings. Fusarium spp. often
colonize the inner wall ofboth styroblock and pine cell
containers (James and Gilligan 1988b' 1988c; James et
al. 1988a). Other pos ible inoculum sources include
organic debri on greenhouse benches, wall ,and floor
and weed growing within or adjacent to greenhouse
(James el al. 1987). Weeds may harbor Fusarium spp.
imilar to tho e that attack conifer seedling (James et

al. 1987), although their pathogenicity to eedlings ha
yet to be evaluated. Inve tigation have hown that
Fusarium pp. produce pore usually di eminated by
water pia h (Ingold 1960; Snyder 19 I). However.
spore of orne fusaria are di persed by air current,
particularly ithin greenhouses (Hor t et al. 1970;
Lukezic and Kaiser 1966; Rowe er al. 1977), and may
be introduced through various openings. Importance of
airborne inoculum in container conifer eedling pro
duction has yet to be determined.

Fusarium inoculum remains viable for long period
of time a chlamydo pore (Park 1959' Price 1984).
Under the right condition of temperature, moisture,
nutrients. and pre ence ofa uitable ho t, i.e., exudation
production b host root , the e pore will germinate
and may infect eedling root (Elad and Baker 1985;



Oritsejafor and Adeniji 1990; Price 1984). When 
environmental conditions are conducive, parasitic 
Fusarium species are rapid colonizers of host roots via 
rapid spore germination and penetration of host epider- 
mal and cortical cells (Bloomberg 1973; Bloomberg 
and Trelawny 1970; Katan 1971). Pathogenic strains of 
Fusarium may be poor competitors with other soil 
organisms (Mitchell and Alexander 1961; Palmer and 
Kommedahl 1969; Sivan and Chet 1989). They are 
adapted to remain dormant until a suitable host is 
available (Gordon et al. 1989; Palmer and Kommedahl 
1969). 

Once host penetration occurs, Fusarium extensively 
colonizes cortical tissues (Bloomberg 1976), although 
penetration into root endodermis tissues and subse- 
quent attack on the vascular system may be delayed 
(Gerik and Huisman 1985). Infections may remain 
quiescent in cortical tissues throughout much of the 
seedling growth cycle. Although present, Fusarium 
spp. may not necessarily initiate below or above-ground 
disease symptoms (James et al. 1987). Symptom pro- 
duction may be due to virulence characteristics of the 
colonizing Fusarium strains (Bloomberg 197 1) and 
environmental stresses that reduce host resistance or 
enhance pathogen activity. Interactions of many inter- 
related factors probably influence disease severity 
(Fisher and Toussoun 1983). Unfortunately, in con- 
tainer-grown seedlings, root infection is an inaccurate 
predictor of disease levels (James et al. 1987). More 
research is needed to quantify environmental influences 
on disease symptom expression in conifer seedlings. 

Once disease symptoms appear on host plants, 
Fusarium has extensively colonized the root system 
(Harling et al. 1988; James et al. 1987). For conifer 
seedlings, symptoms include general wilting (including 
twisting of needles) and needle-tip dieback followed by 
foliar chlorosis and necrosis (James 1985c; James and 
Gilligan 1985; James et al. 1987). Many diseased 
seedlings are also stunted (James et al. 1987). When 
seedlings die, orange-colored sporodochia sometimes 
appear on the main stem just above the groundline 
(James 1986a; Landis 1976). Only someFusarium spp. 
are capable of producing sporodochia (Nelson et al. 
1983), but seedlings infected with these species may 
still lack these structures (James et al. 1987). Disease 
symptoms of container-grown seedlings are most ap- 
parent for about 2-3 weeks after seedling emergence 
and more severe toward the end of the growth cycle 
when seedlings are water and nutrient stressed during 
bud initiation and hardening-off (James 1986a; James 
and Gilligan 1985; James et al. 1987). 

Seedlings transplanted within nurseries or outplanted 
in forests may be stressed until they become estab- 

lished. Seedlings infected with Fusarium may become 
diseased as aresult of this stress. This has been verified 
when infected seedlings are transplanted elsewhere in 
the nursery (James, unpublished), but may or may not 
be important once seedlings are outplanted in forest 
soils. Previous investigation (Smith 1967) showed that 
Fusarium spp. are often replaced by other microorgan- 
isms on roots once seedlings are outplanted in forest 
soils. Fusarium spp. are insignificant inhabitants of 
most temperate forest soils (Meyer 1967; Park 1963) 
and may be unable to successfully compete with other 
microorganisms (Mitchell and Alexander 1961; Sivan 
and Chet 1989). Therefore, planting infected seedlings 
in forest soils may not necessarily result in high disease 
losses. 

Control options 
Fusarium diseases in some bareroot nurseries have 
effectively been controlled with soil fumigation using 
standard biocides like methyl bromide and chloropicrin 
(Sinclair et al. 1975). Fungicide drenches are also 
periodically used to control disease in seedbeds 
(Bloomberg and Orchard 1969). However, fungicide 
treatments are usually less effective than fumigation. 

Unfortunately, control of Fusarium diseases of con- 
tainer-grown seedlings has proven more difficult. An 
integrated program to reduce host infection levels has 
been the best approach (James et al. 1988~).  Reducing 
levels of Fusarium inoculum to which seedlings are 
exposed is important in limiting infection. Prevention 
is much more effective than trying to “cure” disease 
once symptoms are noticed (James et al. 1988c; Wil- 
liams 1989). 

It is important to reduce inoculum carried on seed. 
Treating seeds with chemical pesticides has produced 
mixed results. Surface sterilants such as hydrogen 
peroxide and sodium hypochlorite (standard bleach) 
have been effective in reducing amounts of seedbome 
Fusarium (Bamett 1976; Dumroese et al. 1988; James 
and Genz 1981). Unfortunately, these chemicals are 
sometimes toxic and may adversely affect seed germi- 
nation or damage young germinants (Edwards and 
Sutherland 1979; James 1983). Fungicides have also 
been tested as seed treatments, but problems with re- 
duced germination and phytotoxicity have precluded 
their widespread use (Cooley 1983; Lock et al. 1975). 
Subjecting seed to running water rinses for at least 48 h. 
is effective in reducing amounts of Fusarium and other 
fungi colonizing seedcoats while preconditioning seed 
for germination (James 1987a; James and Genz 1981). 
Running water rinses are more effective in reducing 
fungal inoculum than standing water. Treating seeds 
with water heated with microwaves was also effective 
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in reducing amounts of seedbome Fusarium (James et 
a f .  1988b). 

Another potential source of Fusarium inoculum is 
the peat:vermiculite growing medium for container 
seedlings (James 1985a). Growing media can be fumi- 
gated or steam treated to reduce potential pathogen 
populations (Baker and Olson 1959). However, com- 
mercially prepared media are usually pathogen-free and 
may contain fairly large populations of antagonistic 
organisms (James 1985a). Therefore, media is not 
usually treated unless severe disease problems occur 
(James and Gilligan 1984). 

One major source of Fusarium inoculum in con- 
tainer operations is reused styroblock and plastic cell 
containers (James et al. 1988a). Fusarium propagules, 
which increase with repeated use, are usually found at 
highest levels near the bottom of containers (James 
1989). High-pressure steam, commonly used at many 
nurseries to clean containers, is usually inadequate at 
removing these propagules (James etal. 1988a). How- 
ever, recent work (James and Woollen 1989) indicates 
that immersion of containers in hot water may effec- 
tively kill pathogens, particularly if water temperatures 
are above 68°C and containers are immersed for at least 
3-5 min. A little detergent or surfactant added to the hot 
water improves contact with container surfaces. Sev- 
eral chemicals including sodium metabisulfite, stan- 
dard bleach, and other common sterilants have been 
used to clean containers (Sturrock and Dennis 1988). 
Although some of these successfully reduce Fusarium, 
there may be problems with worker exposure to and 
disposal of toxic chemicals. For these reasons, many 
growers are implementing hot water immersion meth- 
ods for cleaning containers. 

When growing seedlings in greenhouses, sanitation 
before and during each crop is very important. Interior 
surfaces of greenhouses, including benches, walls, ceil- 
ings, and floors, should be washed thoroughly between 
crops with sterilants such as bleach. Weeds within and 
adjacent to greenhouses should be removed periodi- 
cally, since they may harbor Fusarium spp. that attack 
nursery seedlings (James et al. 1987). During the crop 
cycle, diseased seedlings should be removed to help 
prevent fungal spread within greenhouses. 

Unfortunately, fungicides are only partially effec- 
tive in controlling Fusarium diseases (James et al. 
1988c; Williams 1989). They are usually effective 
against damping-off, but often inadequately control 
root disease of older seedlings (James and Gilligan 
1984; James et al. 1988~). This is probably because 
much inoculum and root infection occurs near the 
bottom of plugs (James 1989) and chemicals seldom 
reach most infection sites in sufficient concentrations to 

. 

be toxic. Also, by the time above-ground symptoms 
become apparent, seedling root systems are thoroughly 
colonized and most fungicides are unable to “cure” 
infected plants. Another problem with repeated chemi- 
cal use is potential development of fungicide resistance 
by Fusarium (Dekker 1976). When exposed to the same 
fungicides for a long time, selection pressure on fungi 
may be high enough to induce resistance. By using the 
lowest effective dosages and rotating several different 
fungicides, chances for development of resistance in 
resident pathogen populations may be minimized (Delp 
1980). 

Several environmental factors significantly affect 
severity of Fusarium diseases of container-grown coni- 
fer seedlings. Nitrogen fertilizers often stimulate suc- 
culent growth of seedlings making them more suscep- 
tible to damping-off (Sinclair et al. 1975; Tint 1945a). 
Ammonia nitrogen sources are usually more conducive 
to disease than nitrate nitrogen (Maurer and Baker 
1965). Potassium amendments may improve host resis- 
tance to disease, at least in young seedlings (McClellan 
and Stuart 1947; Sinclair et al. 1975). Saturated condi- 
tions due to overwatering reduce oxygen interchange of 
roots and may help promote infection by pathogenic 
fungi (Hargreaves and Fox 1978). Also, too little water 
stresses plants and promotes infection and increased 
disease severity (Cook 198 1). Another important factor 
affecting disease severity by Fusarium spp. is tempera- 
ture (Bloomberg 1973). Several Fusarium spp. are 
considered “warm weather” fungi, growing best and 
inciting more severe disease at high temperatures (above 
24OC) (Bloomberg 1973; Booth 1971; Nelson et al. 
1983; Tint 1945b). By properly controlling tempera- 
ture, moisture, and fertilizers, impact of Fusarium dis- 
eases can be reduced. 

Under natural conditions, many Fusarium spp. are 
restricted by a wide range of competitive and antagonis- 
tic microorganisms. Several potential biological con- 
trol organisms have been developed commercially for 
control of different pathogens, including Fusarium 
(Harman and Taylor 1988; Stasz et al. 1988). These 
include fungi of Trichoderma and Gliocladium, and 
several types of bacteria (Baker and Cook 1974; 
Papavizas 1985). Biological control organisms exert 
direct antibiosis against pathogens, compete for space, 
nutrients, and colonization sites, and may parasitize 
pathogens (Baker and Cook 1974). Biological control 
agents may be applied during sowing as a topical 
dressing or incorporated into the growing medium; they 
may also be applied as seed dressings. Although bio- 
logical control has proven effective in many agricul- 
tural systems, adequate testing on conifer seedlings is 
lacking.‘ An integrated approach using cultural, biologi- 
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cal, and chemical treatments is needed to effectively 
control Fusarium diseases of container-grown seed- 
lings. 

Working with Fusarium 
One of the greatest difficulties plant pathologists have 
when working with Fusarium diseases is taxonomy 
(Price 1984). Isolation of organisms from diseased 
seedlings is fairly easy and confirming pathogenicity is 
usually simple. However, placing isolated fusaria into 
the proper taxa on a consistent basis may be quite 
difficult. This problem is compounded by the fact that 
there are several different "accepted" taxonomic treat- 
ments of Fusarium. Taxonomic problems make it 
difficult to compare findings reported in the literature 
because of possible isolate misidentification. 

Isolation of associated Fusarium spp. 
Standard procedures for Fusarium isolation include 
washing of plant surfaces to remove pieces of soil or 
organic debris. Washed specimens are surface steril- 
ized to eliminate contaminating organisms. This is 
especially important for roots where rhizosphere organ- 
isms may be confused with root-infecting organisms 
(Parkinson 1967). After surface sterilization, tissues 
are rinsed with sterile water to remove residual sterilant. 
For quantification of root colonization, selecting root 
tips or randomly selecting root pieces from dissected 
root systems has proven useful (James 198%; James 
and Gilligan 1985). Some investigators determine 
extent of root colonization by calculating number of 
Fusarium colonies per unit length of root (Bloomberg 
1973). Several different selective media have been 
developed for preferentially isolating Fusarium spp. 
while keeping soil saprophytes and other microorgan- 
isms at a minimum. Most of these contain antibiotics 
and fungicides, such as PCNB, which restrict growth of 
common soil fungi and bacteria. Nash and Snyder 
(1962) developed their selective medium specifically 
forF. soluni, but it is effective for isolating most fusaria. 
Komada ( 1975) developed another medium specifi- 
cally for F .  oxysporum and closely related species, but 
some Fusarium spp. grow poorly on this medium and 
may be overlooked (Nelson et al. 1983). However, this 
medium has proven very useful in isolating Fusarium 
spp. associated with conifer seedling diseases (James et 
al. 1989b). 

Plates should be incubated under light to induce 
sporulation necessary for identification. Diurnal cycles 
of cool, fluorescent light are usually successful (Komada 
1975). Black light also induces sporulation of fusaria 
(Nirenberg 1981). Plates are incubated at about 24OC 
(22-26°C) for 7 to 10 days to allow fungi to grow from 

the sample and over the agar surface. When colonies are 
confirmed as Fusarium, portions should be transferred 
to potato dextrose agar (PDA) or other media necessary 
for identification. 

Identification of associated Fusarium spp. 
Because of their importance as plant pathogens, 
Fusarium spp. have been studied extensively. Several 
taxonomic treatments of this genus have been formu- 
lated, each with slightly different emphasis on charac- 
teristics thought to be consistent for specific taxa. Tax- 
onomy of the genus has been based on morphology, 
physiology, genetics, and molecular biology. Most 
practicing plant pathologists are limited by expertise or 
facilities to using morphological characteristics which 
can consistently differentiate taxa. Most taxonomic 
systems based on morphological characteristics use 
presence of microconidia and chlamydospores, mor- 
phology of macroconidia, and types of conidiogenous 
cells as major criteria. Less important characteristics 
include colony morphology and pigmentation, growth 
rates at specific temperatures, and production of 
sporodochia and sclerotia. Several of these latter char- 
acteristics vary widely among different isolates of the 
same taxon and mutations may occur over time. It is 
important that the taxonomic system used by plant 
pathologists emphasizes consistent characters easily 
determined and without excessive subjective judgment 
on the part of the observer. 

Experience during the past several years indicates 
that the taxonomic system of Nelson et al. (1983) is 
relatively easy to use and provides consistent identifica- 
tions of Fusarium spp. isolated from conifer seedlings. 
Another useful taxonomic system is by Gerlach and 
Nirenberg (1982). Both systems were developed from 
the original taxonomic work on the genus by 
Wollenweber and Reinking (1935). The Nelson system 
has proven more practical for identification of com- 
monly encountered fusaria than descriptions by Snyder 
and Hansen (1940) or Booth (1971). Snyder and 
Hansen's system lumps all fusaria into only nine spe- 
cies. Our experience is that many isolates classified as 
the same species by their system are clearly different 
and should be separated. Booth's system seems too 
cumbersome and has too many individual taxa delimit- 
ing organisms with only slight variations. However, the 
system of Nelson et al. (1983) seems a reasonable 
compromise. Important characteristics of the Nelson 
system include using standard growing conditions, 
media, and transfer procedures. For this system, all 
isolates to be identified should be grown on carnation 
leaf agar to induce sporodochia and uniform (size and 
shape) production of macroconidia and microconidia 

' 
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(Fisher et al. 1982). Plates should be incubated under 
diurnal cycles of cool, fluorescent light to enhance 
spore formation and uniform growth. Single-spore 
transfers should be made to reduce potential for muta- 
tion, particularly when isolates remain on agar media 
high in carbohydrates (such as PDA) for extended 
periods of time. For colony morphology, pigment 
production, and growth rate, potato dextrose agar is 
recommended. Growth on water agar amended with 
KC1 promotes microconidial chains for isolates in the 
group Liseola. Several of these fungi produce 
microconidia in both false heads and chains, but the 
characteristic chains are usually absent unless grown on 
a medium with low water potential, such as water agar 
amended with KCl. Another useful technique is growth 
on a low nutrient medium (SNA) with exposure to 
continuous black light. This induces sporodochia and 
microconidial chain formation (Nirenberg 198 1). 

Several Fusarium spp. are notorious for mutating in 
culture. These mutants usually proceed from more 
natural sporodochial types (Waite and Stover 1960; 
Wellman and Blaisdell 1941). Mutants may either be 
mycelial, which form abundant aerial mycelium but 
few macroconidia, or pionnotal types, which produce 
little or no aerial mycelium but abundant macroconidia 
(Nelson et al. 1983). Mycelial mutant types frequently 
lack sclerotia, sporodochia and pigmentation; pionnotal 
mutant types have a slimy, wet appearance (Waite and 
Stover 1960). In pathogenic isolates, mutants fre- 
quently exhibit a loss in virulence and toxin production. 
Mutation can be minimized by single-sporing cultures, 
hyphal tipping (instead of mass transferring cultures), 
avoidance of carbon-rich media (such as PDA), and 
keeping subculturing to a minimum (Nelson et al. 1983; 
Wellman and Blaisdell 1941). Long-term storage of 
cultures is best in either liquid nitrogen or by lyophili- 
zation (Nelson et al. 1983). . 

Pathogenicity testing 
Some Fusarium isolates commonly obtained from co- 
nifer seedlings with disease symptoms are not patho- 
genic (James and Gilligan 1984; James et al. 1989a). 
Non-pathogenic fungi often reside in the rhizosphere or 
superficially colonize roots (Parkinson 1967). In order 
to confirm pathogenicity, suspected isolates must be 
subjected to Koch's postulates (Agrios 1969). If done 
properly, isolates that fulfill the criteria defined by 

Koch's postulates can be classified as pathogens. How- 
ever, care must be taken to ensure that inoculum con- 
centrations are not excessive and that tests are not 
contaminated with other Fusarium isolates (James et al. 
1989a). 

Different inoculum types have been used for evalu- 
ating pathogenicity of Fusarium. Some investigators 
used spore suspensions, either dipping test seedlings in 
solutions (Walker and Foster 1946) or pouring solutions 
next to seedlings (Walker and Hooker 1945). Stem 
inoculations have also proven useful for quick screen- 
ing of large numbers of isolates (Hansen and H a "  
1988). One common technique used for conifer seed- 
lings is introduction of test isolates on young germinants 
in sterile test tubes (James et al. 1986; Vaartaja and 
Bumbieris 1967). Although such tests may seem quite 
artificial, they can provide useful information for a large 
number of isolates in a short period of time. 

One very successful method for inoculating conifer 
seedlings uses inoculum composed of a commeal- 
perlite substrate colonized by Fusarium. This inoculum 
is incorporated into growing media in which seedlings 
are transplanted (James and Gilligan 1984; James et al. 
1989a). This method is a variation of that described by 
Miles and Wilcoxson (1984) andclosely mimics behav- 
ior of chlamydospores in anatural environment, Le., the 
perlite substrate provides a source of fungal material 
which can infect roots as a response to root exudates. If 
refrigerated, cornmeal-perlite inoculum remains viable 
for a year or more. 

When properly conducted, pathogenicity tests can 
give useful information regarding fusaria encountered 
when investigating conifer seedling diseases. How- 
ever, such tests are time-consuming and expensive. 
Valuable but less costly altematives include protein 
analysis (Partridge et al. 1984), vegetative compatibil- 
ity (Puhalla 1985), and genetic tests comparing nucleic 
acids (Kuninaga and Yokosawa 1989). Comparisons 
with known pathogenic isolates could be made rather 
quickly, thus precluding the need for elaborate pathoge- 
nicity tests. Unfortunately, these techniques require a 
certain amount of expertise and equipment often un- 
available to many plant pathologists. Nevertheless, 
these and other new techniques should be evaluated 
when possible to improve our understanding about 
Fusarium isolates associated with conifer seedling dis- 
eases. 

References 
Agrios, G.N. 1969. Plant pathology. Academic Press, New York. 629 p. 
Baker, K.F.; Cook, R.J. 1974. Biological control of plant pathogens. W.H. Freeman & Co., San Francisco, CA. 433 p. 
Baker, K.F.; Olson, S.M. 1959. Soil steaming. Calif. State Florist Assoc. Bull 8(9): 1-10. 
Barnett, J.P. 1976. Sterilizing southem pine seeds with hydrogen peroxide. Tree Planters' Notes 27(3): 17-19. 

186 



Bloomberg, W.J. 1971. Diseases of Douglas-fir seedlings caused by Fusarium oxysporum. Phytopathology 61: 467-470. 
Bloomberg, W.J. 1973. Fusarium root rot of Douglas-fir seedlings. Phytopathology 63: 337-341. 
Bloomberg, W.J. 1976. Distribution and pathogenicity of Fusarium oxysporum in a forest nursery soil. Phytopathology 66: 

1090- 1092. 
Bloomberg, W.J. 1979. Model simulations of infection of Douglas-fir seedlings by Fusarium oxysporum. Phytopathology 69: 

Bloomberg, W.J. 1981. Disease caused by Fusarium in forest nurseries. Pages 178-187 in P.E. Nelson, T.A. Toussoun and R.J. 
Cook, editors. Fusarium: diseases, biology, and taxonomy. The Pennsylvania State University Press, University Park. 

Bloomberg, W.J.; Orchard, W.R. 1969. Chemical control of root disease of Douglas-fir seedlings in relation to fungus and 
nematode populations. Ann. Appl. Biol. 64: 239-244. 

Bloomberg, W.J.; Trelawny, J. 1970. Effect of thiram on germination of Douglas-fir seed. Phytopathology 60: 11 11-1116. 
Booth, C. 1971. The genus Fusarium. The Commonwealth Mycological Institute, Kew, Surrey, England. 237 p. 
Brownell, K.H.; Schneider, R.W. 1985. Delimitation of lesions of Fusarium hypocotyl rot of pine by soil microsite 

environmental determinants. Phytopathology 75: 58-60. 
Cook, R.J. 1981. Water relations in the biology of Fusarium. Pages 236-244 in P.E. Nelson, T.A. Toussoun and R.J. Cook, 

editors. Fusarium: diseases, biology, and taxonomy. The Pennsylvania State University Press, University Park. 
Cooley, S.J. 1983. Seedandsoil treatments toreduce seeddecay andFusariumrootrot ofsugarpine. U.S.D.A. For. Serv., Pacific 

Northwest Region. Forest Pest Mgt. 8 p. 
Dekker, J. 1976. Acquired resistance to fungicides. Ann. Rev. Phytopathol. 14: 405-428. 
Delp, C. 1980. Coping With resistance to plant disease control agents. Plant Dis. 64: 652-657. 
Dumroese, R.K.; James R.L.; Wenny, D.L.; Gilligan, C.J. 1988. Douglas-fir seed treatments: effects on seed germination and 

seedbome organisms. Pages 155-160 in T.D. Landis, Tech. Coord. Proceedings of the combined meeting of the Western 
Forest Nursery Associations. Vemon, British Columbia, August 8-1 1, 1988. U.S.D.A. For. Serv., Gen. Tech. Rep. RM- 
167. 

Edwards, D.G.W.; Sutherland, J.R. 1979. Hydrogen peroxide treatment of Abies seed. Can. For. Serv., Bi-Monthly Res. Notes 
35: 3-4. 

Elad, Y.; Baker, R. 1985. The role of competition for iron and carbon in suppression of chlamydospore germination ofFusarium 
spp. by Pseudomonas spp. Phytopathology 75: 1053-1059. 

Enebak, S.A.; Palmer, M.A.; Blanchette, R.A. 1990. Managing soilbome pathogens of white pine in a forest nursery. Plant 
Disease 74: 195-198. 

Fisher, N.L.; Burgess, L.W.; Toussoun, T.A.: Nelson, P.E. 1'982. Carnation leaves as a substrate and for preserving cultures of 
Fusarium species. Phytopathology 72: 151-153. 

Fisher, N.L.; Toussoun, T.A. 1983. Symptom response and colonization as measures of resistance in chrysanthemum cultivars 
inoculated with Fusarium oxysporum f. sp. chiysanthemi. Plant Dis. 67: 376-378. 

Gerik, J.S.; Huisman, O.C. 1985. Mode of colonization of roots by Verticillium and Fusarium. Pages 80-83 in C.A. Parker, 
editor. Ecology and management of soilbome plant pathogens. American Phytopathological Society, St. Paul, MN. 

Gerlach, W.; Nirenberg, H. 1982. The genus Fusarium - a pictorial atlas. Paul Parey, Berlin. 406 p. 
Gifford, C.M. 1911. The damping-off of coniferous seedlings. Vermont Agric. Exp. Sin. Bull. 157: 140-171. 
Gordon, T.R.; Okamota, D.; Jacobson, D.J. 1989. Colonization of musk-melon and nonsusceptible crops of Fusarium 

oxysporum f. sp. melonis and other species of Fusarium. Phytopathology 79: 1095-1 100. 
Hansen, E.M.; Hamm, P.B. 1988. Canker diseases of Douglas-fir seedlings in Oregon and Washington bareroot nurseries. Can. 

J. For. Res. 18: 1053-1058. 
Harman, G.E.; Taylor, A.G. 1988. Improved seedling performance by integration of biological control agents at favorable pH 

levels with solid matrix priming. Phytopathology 78: 520-525. 
Hargreaves, A.J.; Fox, R.A. 1978. Some factors affecting survival of Fusarium avenaceum in soil. Trans. Brit. Mycol. SOC. 

Harling, R.; Taylor, G.S.; Matthews, P.; Arthur, A.E. 1988. The effect of temperature on symptom expression and colonization 
in resistant and susceptible camation cultivars infected with Fusarium oxysporum f. sp. dianthi. J. Phytopathol. 121: 103- 
117. 

1914. Preliminary test of disinfectants in controlling damping-off in various nursery soils. 
Phytopathology 4: 89-92. 

107 1-1 077. 

70: 209-212. 

Hartley, C.; Merrill, T.C. 

Hartley, C.; Merrill, T.C.; Rhoads, A S .  1914. Seedling diseases of conifers. J. Agric. Res. 15: 521-558. 
Hartley, C.; Pierce, R.G. 1917. The control of damping-off of coniferous seedlings. U.S.D.A. Agricultural Bulletin 453. 32 

Horst, R.K.; Nelson, P.E.; Toussoun, T.A. 1970. Aerobiology of Fusarium spp. associated with stem rot of Dianthus 

Huang, J.W.; Kuhlman, E.G. 1990. Fungi associated with damping-off of slash pine seedlings in Georgia. Plant Disease 74: 

Ingold, C.T. 1960. Dispersal by air and water - the take off. Pages 137-168 in J.G. Horsfall and A.E. Dimond, editors. Plant 

P. 

caryophyllus. Phytopathology 60: 1296. 

27-30. 

Pathology, Vol. 3. Academic Press, New York. 

187 



James, R.L. 1983. Fusarium root disease of containerized seedlings at the Montana State Nursery, Missoula. U.S.D.A., For. 

James, R.L. 1985a. Diseases associated with containerized seedling soil mixes. Tree Planters’ Notes 36(2): 3-5. 
James,R.L. 1985b. Pathogenic Fusarium on spruce seedfromtheTowner Nursery, NorthDakota. U.S.D.A. For. Serv., Northem 

Region. Timber, Cooperative Forestry and Pest Manage. Rep. 85-23. 9 p. 
James, R.L. 198%. Studies of Fusarium associated with containerized conifer seedling diseases: (2). Diseases of westem larch, 

Douglas-fir, grand fir, subalpine fir, and ponderosa pine seedlings at the USDA Forest Service Nursery, Coeur d’Alene, 
Idaho. U.S.D.A. For. Serv., Northem Region. Timber, Cooperative Forestry and Pest Manage. Rep. 85-12. 7 p. 

James, R.L. 1986a. Diseases of conifer seedlings caused by seed-bome Fusarium species. Pages 267-271 in R.C. Shearer, 
compiler. Proceedings of the symposium on conifer tree seed in the inland mountain West. Missoula, Montana, Aug. 5- 
6, 1985. U.S.D.A., For. Serv.,Gen. Tech. Rep. INT-203. 

James, R.L. 1986b. Occurrence of Fusarium on Douglas-fir seed and containerized seedlings at the Plum Creek Nursery, Pablo, 
Montana. U.S.D.A. For. Serv., Northem Region. Timber, Cooperative Forestry and Pest Manage. Rep. 86-4. 10 p. 

James, R.L. 1987a. Effects of water rinse treatments on occurrence of fungi on spruce seed from the Towner Nursery, North 
Dakota. U.S.D.A. For. Serv., Northem Region. Timber, Cooperative Forestry and Pest Manage. Rep. 87-5. 4 p. 

James, R.L. 1987b. Occurrence of Fusarium on conifer tree seed from Northem Rocky Mountain nurseries. Pages 109-1 14 in 
T.D. Landis, tech. coord. Proceedings of the combined W s t e m  Forest Nursery Council and Intermountain Nursery 
Association meeting. Tumwater, Washington, Aug. 12-15, 1986. U.S.D.A. For. Serv., Gen. Tech. Rep. RM-137. 

James, R.L. 1989. Spatial distribution of fungi colonizing Leach pine cell containers - USDA Forest Service Nursery, Coeur 
d’Alene, Idaho. U.S.D.A. For. Sew., Northem Region. Timber, Cooperative Forestry and Pest Manage. Rep. 90-3. 7 p. 

James, R.L.; Dumroese, R.K.; Gilligan, C.J.; Wenny, D.L. 1989a. Pathogenicity of Fusarium isolates from Douglas-fir seed and 
container-grown seedlings. Idaho Forest, Wildlife and Range Exp. Stn. Bull. No. 52. 10 p. 

James, R.L.; Dumroese, R.K.; Wenny, D.L. 1988a. Occurrence and persistence of Fusarium within styroblock and Ray Leach 
containers. Pages 145-148 in T.D. Landis, Tech. Coord. Proceedings of the combined meeting of the Westem Forest 
Nursery Associations. Vemon, British Columbia, August 8-11, 1988. U.S.D.A. For. Serv., Gen. Tech. Rep. RM-167. 

James, R.L.; Dumroese, R.K.; Wenny, D.L. 1989b. Occurrence, characteristics, and descriptions of Fusarium isolates from 
Douglas-fir seed and seedlings. U.S.D.A. For. Serv., Northem Region. Timber, Cooperative Forestry and Pest Manage. 
Rep. 90-4. 23 p. 

James, R.L.; Dumroese, R.K.; Wenny, D.L.; Myers, J.L.; Gilligan, C.J. 1987. Epidemiology of Fusarium on containerized 
Douglas-fir seedlings. 1. Seed and seedling infection, symptom production, and disease progression. U.S.D.A. For. Serv., 
Northem Region. Timber, Cooperative Forestry and Pest Manage. Rep. 87-13. 22 p, 

James, R.L.; Genz, D. 198 1. Ponderosa pine seed treatments: effects on seed germination and disease incidence. U.S.D.A. For. 
Serv., Northem Region. Timber, Cooperative Forestry and Pest Manage. Rep. 81-16. 13 p. 

James, R.L.; Gilligan, C.J. 1984. Studies of Fusarium associated with containerized conifer seedling diseases: pathogenicity 
tests of isolates from the Alpine Nursery, Kalispell, Montana. U.S.D.A. For. Serv., NorthemRegion. Timber, Cooperative 
Forestry and Pest Manage. Rep. 84-14. 29 p. 

James, R.L.; Gilligan, C.J. 1985. Containerized Engelmann spruce seedling diseases at the USDA Forest Service Nursery, Coeur 
d’Alene, Idaho. U.S.D.A. For. Serv., Northem Region. Timber, Cooperative Forestry and Pest Manage. Rep. 85-17. 15 
P. 

James, R.L.; Gilligan, C.J. 1988a. Association of Fusarium with nondiseased containerized ponderosa pine seedlings at the 
USDA Forest Service Nursery, Coeur d’ Alene, Idaho. U.S.D.A. For. Sew., Northem Region. Timber, Cooperative 
Forestry and Pest Manage. Rep. 88-5. 10 p. 

James, R.L.; Gilligan, C.J. 1988b. Fungal colonization of styroblock containers - Plum Creek Nursery, Pablo, Montana. 
U.S.D.A. For. Serv., Northem Region. Timber, Cooperative Forestry and Pest Manage. Rep. 88-10. 9 p. 

James, R.L.; Gilligan, C.J. 1988~ .  Occurrence of Fusarium on Leach pine cells from the USDA Forest Service Nursery, Coeur 
d’Alene, Idaho. U.S.D.A. For. Serv., Northem Region. Timber, Cooperative Forestry and Pest Manage. Rep. 88-8. 10 
P. 

James, R.L.; Gilligan, C.J. 1988d. Occurrence of Fusarium on the roots of non-diseased bareroot Douglas-fir seedlings - USDA 
Forest Service Nursery, Coeur d’Alene, Idaho. U.S.D.A. For. Serv., Northem Region. Timber, Cooperative Forestry and 
Pest Manage. Rep. 88-12.4 p. 

James, R.L.; Gilligan, C.J.; Dumroese, R.K.; Wenny, D.L. 1988b. Microwave treatments to eradicate seedbome fungi on 
Douglas-fir seed. U.S.D.A. For. Sew., Northem Region. Timber, Cooperative Forestry and Pest Manage. Rep. 88-7. 8 
P. 

James, R.L.; Gilligan, C.J.; Reedy, V. 1988c. Evaluation of root diseases of containerized conifer seedlings at the Champion 
Timberlands Nursery, Plains, Montana. U.S.D.A. For. Serv., Northem Region. Timber, Cooperative Forestry and Pest 
Manage. Rep. 88-11. 21 p. 

James, R.L.; Militante, E.P.; Woo, J.Y.; Gilligan, C.J. 1986. Pathogenicity of Fusarium from forest seedling nurseries on 
Douglas-fir and ponderosa pine seedlings. U.S.D.A. For. Serv., Northem Region. Timber, Cooperative Forestry and Pest 
Manage. Rep. 86-8. 12 p. 

Serv., Northem Region. Timber, Cooperative Forestry and Pest Manage. Nursery Disease Notes 5.  9 p. 

188 



James, R.L.; Woollen, R.L. 1989. An evaluation of the efficacy of hot water-chemical treatments to clean styroblock containers 
-Champion Timberlands Nursery, Plains, Montana. U.S.D.A. For. Serv., Northem Region. Timber, Cooperative Forestry 
and Pest Manage. Rep. 89-5. 8 p. 

Katan, J. 1971. Symptomless carriers of the tomato Fusarium wilt pathogen. Phytopathology 61: 1213-1217. 
Komada, H. 1975. Development of a selective medium for quantitative isolation ofFusarium oxysporum from natural soil. Rev. 

Kuninaga, S.; Yokosawa, R. 1989. Genetic relatedness ‘within and between formae speciales of Fusarium oxysporum as 

Landis, T.D. 1976. Fusarium root disease of containerized tree seedlings. U.S.D.A. For. Serv., Rocky Mountain Region. Forest 

Lock, W. 1973. Fusarium root rot of Douglas-fir nursery seedlings. Can. For. Serv., For. Pest Leafl. 61. 7 p. 
Lock, W.; Sutherland, J.R.; Sluggett, L.J. 1975. Fungicide treatment of seeds for damping-off control in British Columbia forest 

Lukezic, F.L.; Kaiser, W.J. 1966. Aerobiology of Fusarium roseum “Gibbosum” associated with crown rot of boxed bananas. 

Matuo, T.; Chiba, 0. 1966. Species and formae speciales of Fusaria causing damping-off and root-rot of coniferous seedlings 

Maurer, D.L.; Baker, R. 1965. Ecology of plant pathogens in soil. 11. Influence of glucose, cellulose, and inorganic nitrogen 

McClellan, W.D.; Stuart, N.W. 1947. The influence of nutrition on Fusarium basal rot of Narcissus and on Fusarium yellows 

Meyer, J.A. 1967. Recherches sur les Fusarioses. 11. Ecologie et pathogenie due Fusarium oxysporum. Ann. Epiphyties 18: 

Miles, M.R.; Wilcoxson, R.D. 1984. Production of fungal inoculum using a substrate of perlite, commeal, and potato dextrose 

Mitchell, R.; Alexander, M. 1961. The mycolytic phenomenon and biological control of Fusarium in soil. Nature 190: 109- 

Nash, S.M.; Snyder, W.C. 1962. Quantitative estimations by plate counts of propagules of the bean root rot Fusarium in field 

Nelson, P.E.; Toussoun, T.A.; Marasas, W.F.O. 1983. Fusarium species: an illustrated manual for identification. The 

Nirenberg, H.I. 1981. A simplified method for identifying Fusarium spp. occurring on wheat. Can. J. Bot. 59: 1599-1609. 
Oritsejafor, J.J.; Adeniji, M.O. 1990. Influence of host and non-host rhizospheres and organic amendments on survival of 

Palmer, L.T.; Kommedahl, T. 1969. Root-infecting Fusarium species in relation to rootworm infestations in com. Phytopathol- 

Papavizas, G.C. 1985. Trichoderma and Gliocladium: biology, ecology, and potential for biocontrol. Ann. Rev. Phytopathol. 

Park, D. 1959. Some aspects of the biology of Fusarium oxysporum Schl. in soil. Ann. Bot. 23: 35-49. 
Park, D. 1963. The presence of Fusarium oxysporum in soils. Trans. Brit. Mycol. SOC. 46: 444-448. 
Parkinson, D. 1967. Soil microorganisms and plant roots. Pages 449-478 in A. Burges and F. Rein, editors. Soil biology. 

Partridge, J.E.; Nelson, P.E.; Toussoun, T.A. 1984. Ribosomal proteins of the genus Fusarium. Mycologia 76: 533-544. 
Price, D. 1984. Fusarium and plant pathology: the reservoir of infection. Pages 71-93 in M.O. Moss and J.E. Smith, editors. 

Puhalla, J.E. 1985. Classification of strains of Fusarium oxysporum on the basis on vegetative compatibility. Can. J. Bot. 63: 

Rathbun, A.E. 1922. Root rot of pine seedlings. Phytopathology 12: 213-220. 
Rathbun-Gravatt, A. 1925. Direct inoculation of coniferous stems with damping-off fungi. J. Agric. Res. 30: 327-339. 
Rowe, R.C.; Farley, J.D.; Coplin, D.L. 1977. Airbome spore dispersal and recolonization of steamed soil by Fusarium 

Sinclair, W.A.; Cowles, D.P.; Hee, S.M. 1975. Fusarium root rot of Douglas-fir seedlings: suppression by soil fumigation, 

Sivan, A.; Chet, I. 1989. The possible role of competition between Trichoderma harzianum and Fusarium oxysporum on 

Smith, R.S., Jr. 1967. Decline of Fusarium oxysporum in the roots of Pinus lambertiana seedlings transplanted into forest soils. 

Snyder, W.C. 1981. Introduction. Pages 3-8 in P.E. Nelson, T.A. Toussoun, andR.J. Cook, editors. Fusarium: diseases, biology, 

Plant Prot. Res. (Japan) 8: 114-125. 

measured by DNA-DNA reassociation kinetics. Ann. Phytopathol. SOC. Japan. 55: 216-223. 

Pest Manage. Rep. R2-76-16. 6 p. 

nurseries. Tree Planters’ Notes 26(3): 16-18. 

Phytopathology 56: 545-548. 

in Japan. Ann. Phytopathol. SOC. Japan. 32: 14-22. 

amendments on development of bean root rot. Phytopathology 55: 69-72. 

of Gladiolus. Am. J. Bot. 34: 88-93. 

241 -247. 

agar. Plant Disease 68: 310. 

110. 

soils. Phytopathology 52: 567-572. 

Pennsylvania State University Press, University Park. 193 p. 

Fusarium oxysporum f. sp. elaeidis. Mycol. Res. 94: 57-63. 

ogy 59: 1613-1617. 

23: 23-54. 

Academic Press, London. 

The applied mycology of Fusarium. Cambridge University Press, Cambridge. 

179-1 83. 

oxysporum in tomato greenhouses. Phytopathology 67: 1513-1517. 

fertility management and inoculation with spores of the fungal symbiont Laccaria laccata. For. Sci. 21: 390-398. 

rhizosphere colonization. Phytopathology 79: 198-203. 

Phytopathology 57: 1265. 

and taxonomy. The Pennsylvania State University Press, University Park. 

189 



Snyder, W.C.; Hansen, H.N. 1940. The species concept in Fusarium. Am. J. Bot. 27: 64-67. 
Spaulding, P. 1914. The damping-off of coniferous seedlings. Phytopathology 4: 73-88. 
Stasz, T.E.; Ha" ,  G.E.; Welden, N.F. 1988. Protoplast preparation and fusion in two biocontrol strains of Trichoderma 

harzianum. Mycologia 80: 141-150. 
Sturrock, R.N.; Dennis, J.J. 1988. Styroblock sanitization: results of laboratory assays from trials at several British Columbia 

forest nurseries. Pages 149-154 in T.D. Landis, Tech. Coord. Proceedings of the combined meeting of the Westem Forest 
Nursery Associations. Vemon, British Columbia, August 8-1 1, 1988. U.S.D.A. For. Serv., Gen. Tech. Rep. RM-167. 

Tint, H. 1945a. Studies in the Fusarium damping-off of conifers. II. Relation of age of host, pH, and some nutritional factors 
to the pathogenicity of Fusarium. Phytopathology 35: 440-451. 

Tint, H. 194513. Studies in the Fusarium damping-off of conifers. 111. Relation of temperature and sunlight to the pathogenicity 
of Fusarium. Phytopathology 35: 498-510. 

Vaartaja,O.; Bumbieris, M. 1967. Organisms associated withrootrots of conifers inSouth Australiannurseries. Plant Dis. Reptr. 

Waite, B.H.; Stover, R.H. 1960. Studies on Fusarium wilt of bananas. VI. Variability and the cultivar concept in Fusarium 

Walker, J.C.; Foster, R.E. 1946. Plant nutrition in relation to disease development. 111. Fusarium wilt of tomato. Am. J. Bot. 

Walker, J.C.; Hooker, W.J. 1945. Plant nutrition in relation to disease development. I. Cabbage yellows. Am. J. Bot. 32: 3 14- 

Wellman, F.L.; Blaisdell, D.J. 1941. Pathogenic and cultural variation among single-spore isolates from strains af tomato-wilt 

Williams, F. 1989. Benomyl drenches do not control Fusarium or Cylindrocarpon caused root rots. Seed and Seedling Extension 

Woilenweber, H.W.; Reinking, O.A. 1935. Die Fusarien, ihre Beschreibung, Schadwirkung und Kekampfung. Paul Parey, 

51: 473-476. 

oxysporum f. cubense. Can. J. Bot. 38: 985-994. 

33: 259-264. 

320. 

Fusarium. Phytopathology 31: 103-120. 

Topics. British Columbia Minist. of Forests 2(1): 11-12. 

Berlin. 355 p. 

190 



Soil fumigation in bareroot tree nurseries’ 

THOMAS D. LANDIS AND SALLY J. CAMPBELL 

USDA Forest Service, Portland, Oregon 

Presented at the first meeting of IUFRO Working Party S2.07-09 
(Diseases and Insects in Forest Nurseries), Victoria, British Columbia, Canada, August 22-30,1990. 

Abstract 
This paper gives a general overview of fumigation in bareroot tree nurseries in the United States. Application 
methods, biological activity, behavior in the environment, risks to human health, and economics are discussed. 
Information is presented for the more commonly used fumigants: methyl bromide, chloropicrin, dazomet, metam- 
sodium, and vorlex. 

Resume 
Ce document traite de faGon gCnCrale de la fumigation dans les pCpini6res d’arbres h racines nues aux Etats-Unis. 
On y examine les techniques d’application, l’activitt biologique, ce qui se passe dans l’environnement, les dangers 
pour la santC humaine et les aspects Cconomiques. Les renseignements prCsentCs portent sur les fumigants les plus 
courants, soit le bromure de mkthyle, la chloropicrine, le dazomet, le mttam-sodium et le vorlex. 

, 

Introduction 
Chemical fumigants have been used in forest nurseries 
since the early 1900s when formalin, an aqueous solu- 
tion of formaldehyde gas, was recommended for con- 
trol of fungal damping-off (Tillotson 19 17). Other 
chemical fumigants were tested in forest tree nurseries 
in the late 1940s. Methyl bromide was initially used for 
weed control, but was also found to control damping-off 
fungi (Niner 195 l), whitegrubs, andnematodes (Clifford 
1951). Ethylene dibromide was found to be both 
effective and economical in controlling root rot at a 
southem nursery, costing less than $50 per acre ($123 
per ha) (Henry 195 1). Methyl bromide fumigation was 
considerably more expensive at over $600 per acre 
($1482 per ha) (Clifford 1951). 

In the years since those early trials, chemical fumi- 
gation of seedbeds has become an accepted pest control 
practice in forest tree nurseries. A survey of nursery soil 
fumigation practices in 198 1 reported that over 90% of 
southern and western nurseries used fumigants to con- 
trol a broad spectrum of nursery pests but was primarily 
used for weed and disease control. Around 90% percent 
of all soil fumigation was done with methyl bromide 
and methyl bromide/chloropicrin, with telone, vorlex, 
and vapam used occasionally (J.L. Ruehle USDA For- 
est Service, Athens, Georgia, Personal Communica- 
tion, 1986). A more recent survey of federal nurseries 
in Washington and Oregon revealed that fumigants still 
account for 93% of annual pesticide use, with methyl 

bromide/chloropicrin and dazomet the most popular 
chemicals (Table 1). 

Soil fumigation is an interesting topic for several 
different reasons. It is one of the most expensive cultural 
operations in a nursery, presently costing around $1000 
per acre ($2470 per ha) or more. Because of this high 
cost, chemical fumigation can only be economically 
justified on the most valuable agricultural crops such as 
seed tobacco, strawberries, and ornamentals. Soil fumi- 
gation is also effective - it works. As previously men- 
tioned, fumigation is the most effective pest control 
practice used in forest nurseries today, and nursery 
managers consider pre-sowing fumigation to be a nor- 
mal part of the cultural sequence. But soil fumigation 
has become controversial in recent years because of 
concern about the safety of these biocides, both at the 
nursery and in the surrounding area. Other concerns 
include disposal of fumigation tarps, possible ground- 
water pollution, and adverse effects on beneficial soil 
microorganisms. These issues have forced nursery 
managers to take another look at the soil fumigants that 
they are currently using and reevaluate other pest man- 
agement options. 

Physical and chemical properties of common 
nursery fumigants 

Four chemicals have commonly been used for soil 
fumigation in forest nurseries in the United States and 
Canada in recent years (Table 2 ) .  

I This paper was previously presented at the Intermountain Forest Nursery Association Meeting, Bismarck, North Dakota, August 14-18, 1989. 
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Table 1. Average annual pe ticide use in federal forest
nur erie in Oregon and Wa hington

Methyl bromide/chloropicrin (MBC) i available in
two common formulation: one containing 2% chlo
ropicrin (MBC-2), and another containing 33% chlo
ropicrin (MBC-33). The chloropicrin in MBC-33 i an
active fumigant, whereas that in MBC-2 is only added
a a tracer to the methyl bromide, which ha no detect
able odor. MBC i available from everal different
manufacturer under a number of different trade name
(Table 2). MBC is applied a a pre uri zed liquid that
changes into a gas when injected into the soil. This
pervasive fumigant is always covered with a one-mil or
two-mil (0.001 to 0.002 in.; 0.025 to 0.051 mm) thick
plastic tarp, which i impermeable to the fumigant
ga es.

Figure I. Conlinuous tarp fumjgatjon consi ts of glued. overlapping
sheets of fumigation larp which form a solid cover.

Two tarping techniques have been u ed for covering
injected fumigants. Continuou tarping is an operation
in which each trip ofplastic tarp is glued to the previou
one, re ulting in the entire field being covered with a
solid heet (Figure l). Another alternative technique is
trip fumigation where the fumigant i applied under
eparate section of tarp that are covered on both ides

with soil (Figure 2). After the pre cribed treatment
period has pa ed, the untreated trips of soil mu t be
fumigated to provide complete coverage. Under either
y tern, the tarp mu t remain intact during the entire

fumigant exposure period. If the integrity of the fumi
gation tarp is broken before the end of the treatment
period (Figure 3), then these areas mu t be retreated.

Dazomet, also known a Basimid Granular®, is a
unique formulation for a fumigant because it is applied
a a very fine granule that convert into a gas when it
encounters water in the oil. These micro-granule"
are normally applied through drop-type preader (Fig
ure 4), immediately incorporated into the oil (Figure
5), and phy ically contained with a roller or water
sealed with sprinkler irrigation. The fumigant activity

3
I

<I
I

<I
1
6

93

<I
<1
<I
<1
<1
<1
100

<1
<I

I
<I
<I
<I

66
27

Percent
of total

1425
420
25
5 5
44
320
2819

102
60
414
60
58
694

33250
13461

46711

3
3
50
15
6
77

50491

Pound of active
ingredient

In ecticide
Acephate
Carbaryl
CWoropyrifo
Fenvalerate
Malathion

Subtotal

Total·

Fungicide
Benomyl
Captan
Chlorothalonil
DC A
Metalaxyl

Subtotal

Pesticide

Fumigant
MB-C
Dazomet

Subtotal

Herbicides
Bifenox
DCPA
Dicamba
Diphenamid
Glypho ate
Oxyfluorfen

Subtotal

Source: USDA Forest Service (1989)
Figure 2. Strip fumigation con iSI of treating separate strips of the
field. and then relurning to fumigate the untreated sections.
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Figure 3. Wind can break the glue seal between adjacent sirips of
fumigation tarp before lheexposure period i. compleled. requiring the
area to be retreated.

result from the interaction of a mixture of different
gase , the mo t common being methyl i othiocyanate
(Table 2).

Metam-. odium (Vapam ) i a liquid fumigant that
al 0 convert to methyl i othiocyanate ga in the oil
(Table 2). It can be either injected into the irrigation
y. tem and applied through prinkJer. or directly in

jected into the soil. Although this fumigant can be
water- ealed like dazomet. the label recommend that it
can be covered with plastic tarp "for better results."

Vorlex i a liquid fumigant that volatilize into a
mixture of different fumigant ga'e : dichloropropane,
dichloropropene. and methyl i othiocyanate (Table 2).
This fumigant i soil-injected. and mayor may not be
covered with a pia tic tarp (Figure 2).

Biological activity of major fumigants

Although fumigant are commonly thought to be bio
cides that kill all organism, there are difference in
effecti ene s between the different chemicals. The

Table 2. Physical and chemical propertie of common soil fumigant and their application in forest nurseries

Chemical name Trade name( )
Active ingredient!

(Breakdown product) Formu lation/activity Application methods

Methyl bromide
+ chloropicrin

Dazomet

Metam- odium

Vorlex

Brom-O-Ga ®
MBC-33®
Meta-Brom 98

amco Pathofume BR
Pic-Brom 33®
Terr-O-Gas 67®

Ba amid-Granular®

®
Vapam
Metanl
Soil-PreR®

ema 01

Vortex

Two formulati ns:
98% methyl bromide +
2% chloropicrin
and
67% meth I bromide +
33% chloropicrin

Tetrahydro-3,S-dimethyl
2H-I,3,S-thiadiazine
2-thione
(Methyl isothiocyanate)*
(Formaldehyde)
(Hydrogen sulfide)
(Monomethylamine)

Sodium -methyldithio
carbamate
(Methyl i othiocyanate)

80~ Dichloropropene/
dichloropropane
20% Methyl
isothiocyanate

Liquified gas, bottled
under pres ure.
Volatilize. at
ambient pre sure
and temperature.

Fine crystalline
solid. Volatilizes
after contacting
oil moisture.

Liquid.
Volatilizes after
application to oil.

Liquid.
Volatilize after
application to soil.

Injected into the
soil, and covered
with plastic tarp.

Incorporated
into the soil.
and ealed
with roller
and/or water.

Injected into
irrigation
y tem, or

into oil.

Injected into
oil; mayor

may not be
tarped.

* Parenthe e indicate the breakdown product and active fumigant gas
ource: modified from Thomson (19 )
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common nur ery fumigant are not equally effective
against the four major groups of nursery pe t : fungi,
insects, nematode, and weed (Table 3). The concept
of a "target pe t" i important when choo ing a control
method. Fumigation hould never be used as an all
purpose pest control treatment; in tead, target pe t
hould be identified and all control options analyzed

before a fumigant i u ed.

Fungi

All fumigant do a rea onably good job on the common
soil pathogenic fungi, e pecially at the higher applica
tion rate (James 1989). The MBC-33 formulation is
the only one that can control the more resi .tant fungal
pathogens uch as Cylindroc!adium pp. and
Macrophomina phaseolina [(Maub.)Ashby] that form
resistant resting stages called c1erotia. Luckily, the e
per istent pathogens are not found in nurseries in cooler
environment. Cordell and Wortendyke (1972) provide
a good review of the older literature on the relative
effectivene of the methyl bromide formulation com
pared to other fumigants.

Ba ed on many early trial, MBC-33 became the
tandard fumigant for fore t nur erie in the nited

States. Dazomet. however, is becoming increa ingly
popular a an alternative to methyl bromide fumigation
in recent year. McElroy (1986) te ted MBC-33,
dazomet, metam-sodium, and vorlex at everal Pacific

orthwe t nur eries and found that all gave good con
trol of Fusarium spp. and Pythium pp., the principal
oil pathogen in that area. Tanaka et al. (1986) also did

fumigation trials at two nurseries in this region. compar
ing dazomet to MBC-33 at two application rate [the
tandard 360 Ib/ac (404 kg/ha), and a 2X rate]. They

also monitored soil populationsofPyrhium and Fusarium
and found that dazomet wa nearly as effective a the
standard rate ofMBC-33, and that the 2X rate of MBC-

33 was not justified. Campbell and Kelp a (1988)
report that fall fumigation with MBC-33 wa more
effective than dazomet or metam odium in reducing
oil population of Pythium and Fusarium through the
pring owing period. James (1989) reported that,

while dazomet and MBC-33 both lower population of
pathogenic fungi, MBC-33 provide a longer period of
control.

The relation hip of oil pathogen population level
to seedling di ea e and growth i unclear, however.
Tanaka et al. (1986) found that MBC-33 gave better
control of Fusarium root rot infections and produced
ignificantly larger Dougla -fir [Pseudotsuga men:iesii

(Mirb.)Franco] eedlings than dazomet. On the con
trary, Campbell and Kelpsas (19 8) found that dazomet
produced significantly larger pondero a pine (Pinus
ponderosa Law.) seedling than MBC-33: eedling
treated with metam- odium were al 0 larger, although
the differences were not statio tically significant.

Figure 4. The fumigant dazomel is a fine "microgranule". which is
applied with drop-type fenilizer spreaders. Photo counesy of Bruce
Kelpsa , Chemical Co.

Table 3. Relative pe t control effectivene of
common nur ery fumigant

ema- Weeds
tode

In ectFungi

MBC-33* Ye
MBC-2 Mo t
Dazomet Mot
Metam-
odium Mo t Ye Ye Mot

Vorlex Mot Ye Ye Mo t

* Methyl bromide/chloropicrin comes in two major formulation:
67%:33% and 98%:2%

Figure 5. After application, the dazomel granules are incoporated into
the soil and ealed with a roller or water eal. Photo counesy of Bruce
Kelp a , NW Chemical Co.
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Insects and nematodes 
All of the fumigants do a reasonably good job of 
controlling soil insects and nematodes (Table 3). Insect 
damage is rarely severe enough to justify fumigation on 
its own, but nematodes have been the main target pests 
for fumigation in forest nurseries. MBC fumigants 
provide excellent control of nematodes in forest nurser- 
ies (Ruehle 1975), and the MBC-2 formulation is gen- 
erally recommended. Both MBC-33 and dazomet at the 
350 lb/ac (393 kgha) rate controlled populations of the 
root lesion nematode (Pratylenchus penetrans Cobb), 
althoughalesserrateofdazomet (150lb/ac= 168kg/ha) 
had less effect (McElroy 1986). Peterson and Riffle 
(1986) caution that, while fumigation greatly reduces 
the nematode populations in soil, it does not completely 
eradicate them. 

Weeds 
Weeds are sometimes the primary target pest for fumi- 
gation (Grierson 1989), but none of the fumigants 
control all species of weeds (Table 3). MBC-33 is not 
as effective for controllings weeds as MBC-2 at stan- 
dard application rates, but is a good herbicide at a 400 
lb/ac (449 kgha) rate (J.L. Ruehle USDA Forest Ser- 
vice, Athens, Georgia, Personal Communication, 1986). 
Methyl bromide also tends to scarify the seed coat of 
hard-seeded weed species such as many legumes, and 
actually stimulate germination immediately after fumi- 
gation. This may be beneficial in the case of fall 
fumigation because the recently germinated weeds are 
soon killed by frost. Vorlex was found to give less weed 
control than the other fumigants in a Pacific Northwest 
nursery (McElroy 1986). Since little data have been 
reported on which weed species are resistant to which 
fumigants, it would be wise to contact chemical com- 
pany representatives and other nursery managers before 
selecting a fumigation chemical. 

Microbial re-invasion of fumigated soil 
Because nature abhors a vacuum, fumigated soil will 
eventually become recolonized by a full complement of 
endemic microorganisms, both beneficial and patho- 
genic. Even the most effective soil fumigation can be 
ruined if the target pest is able to rapidly re-invade the 
treated soil. 

The most common source of re-invading microor- 
ganisms is from adjacent untreated soil, but they can 
also move up from soil strata underneath the fumigated 
layer. Re-invasion studies with the pathogenic fungus 
Fusarium oxysporum f. sp. melonis Snyd. and Hans. 
have shown that, although the fungus could not be 
isolated from fumigated soil after 6 days, by 32 days the 
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pathogen was isolated consistently from the outer edges 
of the treated area. There was also evidence that the 
fungus was re-invading from lower untreated soil layers 
because after 10 weeks there was a distinct population 
density gradient from below the fumigated layer to the 
soil surface (Marois et al. 1983). Vaartaja (1967) 
studied the development of several soil microorganisms 
after fumigation and found that re-invasion by fungi 
occurred in several ways: rain splash, irrigation water, 
blowing dust, and soil carried on boots. Another prob- 
able source of contamination is nursery tillage equip- 
ment that carries soil from untreated to treated fields. 

Rapid re-invasion with beneficial microorganisms 
is desirable. Many fungal species that form mycorrhi- 
zae produce air-bome spores that can blow into fumi- 
gated soils within a few months after fumigation. The 
fungi that form endomycorrhizae, however, are slower 
recolonizers because their spores are not carried by air 
and must be reintroduced on soil particles (Marx et al. 
1989). Actually, beneficial microorganisms may be the 
first to reestablish in fumigated soil. Fungi of the genus 
Trichoderma spp. and bacteria are among the earliest 
colonizers (Vaartaja 1967), and Trichoderma may be 
responsible for the positive seedling growth response 
often observed in fumigated soils (Ingestad and Nilsson 
1964). 

To slow the rate of re-invasion by soil-bome patho- 
gens, nursery managers should reduce obvious sources 
of recontamination such as transported soil and surface 
water runoff. Nursery implements should be cleaned 
before being used in fumigated soil; some nurseries use 
portable steam cleaners to both clean and sterilize their 
equipment. Fumigated fields should be physically 
isolated by a ditch or other type of drainage system to 
intercept surface runoff which can carry contaminated 
soil particles or motile spores of water mold fungi. 
Because re-invasion will eventually occur, nurseries 
should schedule fumigation as close to the date of 
sowing as is practically possible. Obviously, fall- 
fumigated fields are more liable to recontamination 
than spring-fumigated ones; in many bareroot nurser- 
ies, however, fall fumigation is the only option because 
spring soil temperatures are too low to allow early 
fumigation. Reinvasion is usually slower in soils which 
have had pathogen populations reduced to near zero 
(e.g. after MBC fumigation), as compared to soils 
where a low residual population of pathogens remain 
after treatment (e.g. after dazomet fumigation). 

Application considerations for soil fumigation 
Relative safety of application 
The primary consideration when selecting a fumigant 
should be worker safety. All the common fumigants are 



hazardous chemicals, but the MBC formulations and 
vorlex are “restricted use pesticides,” which means that 
they can only be applied by specially trained, certified 
applicators. Because of their concerns about nursery 
worker safety, many nursery managers choose to con- 
tract their MBC soil fumigation. Dazomet and metam- 
sodium are relatively less hazardous to apply, and so 
most nurseries do their own fumigation with these 
chemicals. 

Soil properties 
Soil temperature is critical to the effectiveness of all 
fumigants because the vapor pressure of any gas is a 
function of temperature. The temperature will, there- 
fore, determine how quickly the fumigant gases per- 
vade the soil particles and also define their persistence 
in the soil. In the case of the granular dazomet, tempera- 
ture controls the speed of conversion of the solid par- 
ticles to a gas (Neumann et al.1984). Warm soil 
temperatures, in the presence of moisture, also increase 
the metabolism of nursery pests and make them more 
susceptible to the fumigants (Boone 1988). 

Although some soil fumigants are reported to be 
effective at colder temperatures, the lower temperature 
limit for all fumigants should be 50°F ( 10°C) at a soil 
depth of 6 inches (15 cm). Because soil temperatures 
take too long to warm in the spring, most northern 
nurseries fall fumigate while soils are still warm. 
Dazomet should not be applied if soil temperatures are 
too warm, however; Thomson (1988) recommends an 
upper limit of 90°F (32°C). Soil temperatures can also 
affect the fumigation technique; tarping is recommended 
for vorlex if the temperature exceeds 75°F 
(24”C)(Thomson 1988). 

Fumigation effectiveness is also a function of soil 
moisture content, which should usually be in the range 

of 50 to 75% of field capacity (Boone 1988). Moist soil 
promotes good tilth which leads to good fumigant 
penetration. Again, soil moisture stimulates nursery 
pests to their most susceptible state (germinating weed 
seeds, fungi in the mycelial state, and emerging nema- 
todes). For the granular dazomet, a soil moisture 
content of 60 to 70% is necessary for rapid conversion 
to a gas (Neumann and others 1984). The soil seal that 
is recommended for dazomet, and possibly other simi- 
lar fumigants, should be maintained by periodic light 
irrigations for 3 to 5 days after application (Thomsom 
1988). Soil can also be too wet for effective fumigation, 
however. Overly wet soil can form large clods when 
tilled and also has a high percentage of pores filled with 
water, both of which restrict fumigant penetration. 

The physical condition of a soil is also important for 
effective fumigation. Soil should be tilled to a a mod- 
erate-sized crumb structure if possible to generate a 
large proportion of macropores to carry the fumigant 
gases. The high surface-to-volume ratio of large clods 
inhibits fumigant penetration, whereas the numerous 
small particles that are produced in an overworked soil 
create micropores that slow movement of fumigant 
gases. 

Soil organic matter content should also be consid- 
ered. Undecomposed organic matter may inactivate the 
fumigants (Boone 1988). In the case of dazomet, the 
effective gases may be bound by the organic matter 
itself or by the ammonia created as the organic matter 
breaks down (BASF 1984). Green manure or cover 
crops should be turned under and organic amendments 
applied long enough before fumigation to allow com- 
plete breakdown. Organic matter may also delay dissi- 
pation of the fumigant gases; it is recommended that 
crops not be sown until at least 30 days after fumigating 
highorganic soils with metam-sodium (Thomson 1988). 

Table 4. The effect of soil temperature on fumigation waiting periods 

Methyl bromide/ 
Chloropicrin Dazomet 

Fumigant applied and soil sealed 
Exposure period (gas activity) 1 to 3 days 4 to 25 days 

Tarp removed or soil seal broken 
Aeration Period (gas escapes) 2 to 14 days 2 to 20 days 

Test for residual fumes 
Germination testing 5 days 5 days 

Sow Crop 
Total waiting period 8 to 22 days 1 1  to 50 days 

Source: BASF (1984) 
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Exposure and aeration periods 
The mandatory waiting period between fumigation and 
sowing the seedling crop consists of two different 
intervals: the exposure period, in which the fumigant 
gas is active, and the aeration period, when the gas is 
allowed to dissipate from the treated area. The aeration 
period is normally followed by a germination test (Table 
4). This consists of sowing seeds from a rapidly 
germinating species, such as radish or lettuce, in a small 
sample of soil from the fumigated area. A non-fumi- 
gated control soil sample should also be taken at the 
same time for comparison. Both soil samples should be 
placed in lidded glass jars and watered. At the end of 
about 5 days, the seedlings should have emerged and be 
developing normally (Figure 6); poor germination or 
distorted growth means that some fumigant fumes still 
persist in the soil. 

The recommended number of days for the two 
fumigation waiting periods depends on soil temperature 
and weather conditions, but the total period can range 
from 8 to 50 days for MBC or dazomet (table 4). 
Dazomet typically requires a longer period under nor- 
mal nursery fumigation conditions, however; because 
MBC is immediately converted into a gas, it becomes 
active more rapidly than the granular dazomet. At a 
typical soil temperature of 50°F ( lO"C), the exposure 
period for dazomet will take 12 days, compared to 3 
days for MBC. Wet weather can cause problems with 
fumigant dissipation, particularly with the granular 
dazomet. McElroy (1986) reported that 1 inch (2.5 cm) 
of rain after dazomet fumigation moved the fumigant 
deeper into the soil; this delayed the escape of the 
fumigant, resulting in phytotoxicity to the crop seed- 
lings. Similar consequences have been observed with 

the chloropicrin component of MBC (F.D. McElroy, 
Peninsulab, Kinston, Washington, personal communi- 
cation). 

Economics of soil fumigation 
in forest tree nurseries 

Because fumigation is such an expensive cultural prac- 
tice, it is necessary for nursery managers to provide 
economic justification. In a successful nursery opera- 
tion, economic realities mandate that the costs of fumi- 
gation be offset by the benefits of the practice. 

Fumigation costs 
The cost of fumigation can be prohibitive in smaller 
nursery operations, where cash flow problems make it 
difficult to come up with the money for fumigation so 
early in the crop cycle. Fumigation is also less expen- 
sive for larger nurseries because many fumigation con- 

Figure 6. At the end of the aeration period, a germination test should 
be performed on the fumigated soil to make certain that it is safe to 
plant the crop. Photo courtesy of Bruce Kelpsas, NW Chemical Co. 

Table 5. Soil fumigation costs for USDA Forest Service nurseries in 1989 

Contract Nursery 
application application 

Methyl bromidefchloropicrin 

Number of nurseries 5 1 
Average $1137 $902 
Range $942 to $1280 NfA 

Dazomet 

Number of nurseries 0 .  
Average NfA 
Range NIA 

4 
$1032 
$938 to $1 173 
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tractors have the same set-up charge regardless of the 
amount of acres to be treated. Nurseries in remote 
locations are also at an economic disadvantage because 
contractors must reflect travel costs in their fees. One 
way to save money on fumigation contracts is to coor- 
dinate the timing of fumigation with other nurseries in 
the general area so that the contractor can visit each 
operation on an efficient travel circuit. 

Soil fumigation costs can vary between chemicals. 
Campbell and Kelpsas (1988) reported that the per-unit 
chemical cost of applying MBC-33 was similar to that 
of dazomet, while the metam-sodium chemical costs 
were less. The 1989 soil fumigation costs for the 10 
USDA Forest Service nurseries averaged around $1200/ 
ac ($2964/ha) for MBC contracts, and around $lOOO/ac 
($2470/ha) for nursery-applied dazomet (Table 5) .  These 
figures reflect chemical and application costs, as well as 
the cost of tarp removal in the case of MBC. 

Benefits from fumigation 
The-benefit side of the economic scale can be subjec- 
tive, and figures are often outdated because the com- 
parisons were only done when fumigation was first 
implemented. One easy way to determine fumigation 
benefits is to leave one or more small “check” or 
untreated areas in the seedbed so that seedling yield 
informationcanbecompared tofumigatedareas. Growth 
information, such as seedling height, caliper, biomass, 
and root growth, should be collected at intervals during 
the growing season because the benefits are sometimes 

only visible at one time during the rotation. The true test 
of fumigation benefits, however, is to harvest seedlings 
from each area and have them graded; this will generate 
actual “shippable seedling” data that can be converted 
back into dollars and compared to fumigation costs. 

Behavior of fumigants in the 
environment 

Because fumigants are highly toxic pesticides, there is 
widespread concern that they or their breakdown prod- 
ucts may contaminate the water, air, or soil in the 
nursery or in adjacent areas. The physical properties of 
fumigants determine how readily they move or persist 
in the environment after application; environmental 
factors, such as soil characteristics and amount of rain- 
fall, also influence contamination potential and persis- 
tence. Several physical characteristics for MBC and 
dazomet determine their pollution potential in the envi- 
ronment (Table 6). 

Water quality 

Both surface and groundwater can become contami- 
nated with pesticides from surface water runoff or 
leaching through the soil profile. The likelihood that a 
particular fumigant will contaminate water is depen- 
dent on a number of factors, including soil characteris- 
tics, pesticide characteristics, the local climate, amount 
of precipitation and/or irrigation, number of applica- 
tions of the pesticide, rate at which the pesticide is 
applied, surface and groundwater hydrology of the site, 

Table 6. Effect of physical properties of methyl bromide/chloropicrin and dazomet on water, soil, and 
air pollution 

Pollution site Methyl bromide/ 
chloropicrin 

Dazomet 

Water 
Solubility in water’ 
Leaching potential 

Soil 
Persistence in soil2 
Decomposition mode 

Air 
volatility3 

Moderate 
Low 

Low 
Biological and chemical 

High 
Negligible 

Low 
Chemical 

High High 

’ Solubility is rated as high (> 100 ppm), moderate (1-100 ppm), and low (< 1 ppm). 
Persistence is rated in half-lives: high (> 180 days), moderate (30-180 days), and low (< 30 days). 
Volatility is rated in vapor pressure units: high (> 1.00 mm Hg), moderate (0.001 - 1.00 mm Hg), and low (< 0.001 mm Hg). 

Source: USDA Forest Service (1989). 
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drainage system at the site, and cultivation practices 
used at the site to increase infiltration (USDA Forest 
Service 1989). 

The most significant factors affecting water pollu- 
tion by pesticides are solubility in water and leaching 
potential (Table 6). Pesticides must first dissolve in the 
soil water before they can leach downward. The situa- 
tion conceming the solubility of fumigants in water is 
confusing because the solubility of a gas in water is 
usually measured under greater atmospheric pressure 
than that normally encountered in nursery soil (Chemi- 
cal Fate Testing Guidelines 1983). Even though MBC 
is given a “moderate” solubility rating in water (Table 
6), it is estimated that only about 0.1% of the applied 
MBC would ever leach from the nursery soil (USDA 
Forest Service 1989). Even though dazomet has a 
“high” water solubility rating, the leaching potential for 
its principal active ingredient (methyl isothiocyanate) is 
negligible due to its rapid degradation in the soil and its 
high volatility (Table 6). In fact, no groundwater 
contamination by methyl bromide, metam-sodium, or 
methyl isothiocyanate has yet been detected in the 
United States (Parsons and Witt 1988), although traces 
of MBC were identified in groundwater in Holland 
(Rattink 1984). 

Groundwater contamination by 1,2-dichloropropane 
and 1,3-dichloropropene, two components of the fumi- 
gant vorlex, has been detected in a number of states 
(Parsons and Witt 1988). However, it has not been 
determined that these occurrences were due to vorlex 
contamination because these two chemicals are found 
in other fumigants, such as D-D, and are also used for 
other non-agricultural purposes. 

Surface water run-off can occur when rainfall or 
irrigation exceed the infiltration capacity and water 
flows over the soil surface or when water moves later- 
ally through the soil profile into a surface water source 
such as a stream or drainage ditch. Surface water can 
become polluted either directly with soluble pesticides 
or when non-soluble pesticides are adsorbed onto soil 
particles and carried along with surface water flow. The 
surface water run-off potential for MBC is considered 
negligible (USDA Forest Service 1989); the situation 
for dazomet, vorlex, or metam-sodium is unclear but 
should not be significant. 

Soil quality 
Two physical characteristics of fumigants that affect the 
soil pollution potential are persistence in soil and the 
type and rate of decomposition. The soil persistence of 
MBC is rated low (Table 6) because MBC is rapidly 
broken down by both biological and chemical means 
(USDA Forest Service 1989). MBC and inorganic 

bromide residues are absorbed by plants and animals; 
MBC is metabolized and the inorganic residues are 
relatively non-persistent. There is very little informa- 
tion about the environmental fate of chloropicrin, in- 
cluding its persistence in the soil (USDA Forest Service 
1986). 

Following incorporation, dazomet is also relatively 
non-persistent in soil (Table 6). This fumigant chemi- 
cally breaks down into many different products, all of 
which are lost from the soil within a few days through 
further degradation and volatilization, which are depen- 
dent on soil moisture and temperature. Soil type and pH 
also influence the effectiveness of the fumigant and its 
rate of breakdown. Soils with high clay or organic 
matter content can bind methyl isothiocyanate, thus 
reducing its effective concentration (BASF 1984) and 
intermediate pH values (around 6.5) maximize degra- 
dation. (USDA Forest Service 1987). There is little 
information on metam-sodium, but, since methyl 
isothiocyanate is the primary breakdown product, its 
behavior in soil should be similar to that of dazomet. 

Persistence of 1,3-dichloropropene (a component of 
vorlex) in the soil is considerably higher; the half-life of 
1,3-dichloropropene is 14 to 180 days, depending on 
environmental conditions. This compound disappears 
through degradation (biological and non-biological 
hydrolysis), dispersion through the soil, volatilization 
into the air, and irreversible binding to soil particles. 
Temperature and soil moisture influence the rate of 
these processes (USDA Forest Service 1987). 

Air quality 

Since fumigants are gases or volatilize after application, 
there is potential for drift into adjacent areas (Table 6). 
The labels on all four fumigants direct the applicator to 
seal the soil surface in some fashion (water seal, rolling, 
or plastic seal) after application. If properly applied, 
damaging aerial concentrations of a fumigant should 
occur rarely, due to the restrictive seal, rapid degrada- 
tion of the fumigant, and the large volume of air into 
which it can disperse if it escapes through the seal. 
However, if the seal is poor or weather conditions 
prevent rapid dispersion (for example, an inversion 
layer), toxic fumigant concentrations may build up and 
injure adjacent plants, animals, or people. Myers (J. 
Myers, USDA Forest Service, Coeur d”Alene, Idaho, 
Personal Communication) reports that, following MBC 
fumigation at a forest nursery, an air inversion caused a 
local accumulation of MBC gases; they had apparently 
escaped through the tarp and caused minor health ef- 
fects to residents living near the nursery. Forest nursery 
managers have reported fumigant damage to adjacent 
seedlings for both MBC and dazomet. White pines 
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seem to be particularly susceptible to dazomet fumes 
(Scholtes 1989), whereas Douglas-fir is sensitive to 
MBC (J. Myers, Personal communication, 1989). 

Effects of fumigants on human health 
All pesticides are poisons, and fumigants are among the 
most acutely toxic pesticides used in bareroot forest 
nurseries. It should be remembered, however, that the 
actual hazard of any chemical is a function of both 
toxicity and exposure. If fumigants are applied by 

trained, certified applicators and according to label 
instructions, the potential health hazards can be reduced 
to acceptable levels. 

All chemicals, including pesticides, can be ranked 
according to the dose of the chemical required to kill 
half of a population of test animals; this dose is known 
as the LD,, (table 7). Although oral exposures are most 
frequently used to determineLD5,, other types of chemi- 
cal exposure are more relevant for fumigants. With all 
fumigants, there is a risk of inhalation exposure due to 

Table 7. Toxicity of common nursery fumigants in relation to other chemicals 

Toxicity Pesticide label Pesticides and Acute toxicity' 
category signal words other chemicals Oral LD,, Other 

I-Severe Danger-Poison 

Chloropicrin 

11-Moderate Waming 

111-Slight Caution 

Nicotine 

DDT 
Caffeine 
Methyl bromide 
Dazomet 

Vorlex 

*Metam-sodium* 
Aspirin 
Table Salt 
Glyphosate 

IV-Very Slight Caution 

I Oxyfluorfen 
Captan 
Ethyl alcohol 

0-50 mgkg 

38 

50 

50-500 mgkg 

100 
200 
214 
363 

538 

500-5000 mgkg 

820 
1700 
3750 
4320 

5000-50 000 mgkg 

5000 
9000 
13 700 

Dermal = 100 m a g  
Inhalation = 0.178 to 
150 mg/l 

Inhalation = 4.5 mg/l 
Dermal = 200 to 
10 400 mgkg 
Inhalation = 302 to 
60 000 mg/l 
Dermal = 470 to 
961 mgkg 
Inhalation = 11 mg/l 

1 Oral and dermal ratings are measured in lethal doses (LDJ, and inhalation ratings in lethal concentrations (LC,,) - the amount of pesticide per 
unit of body weight that is required to kill 50% of the test animals. These values are only examples of some study results - published values may 
vary considerably. 
Sources: USDAForest Service (1989); USDAForest Service (1987); Bohmont (1983); Great Lakes Chemical Company (1989); Thomson (1988). 
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their gaseous nature at the time of application or shortly 
after. Because dazomet is applied as a fine granule, 
inhalation of granules could be significant as well. 
There is a dermal exposure hazard with both MBC if 
skin comes into contact with the pressurized liquid, and 
dazomet if granules contact the skin. 

The common nursery fumigants vary considerably 
in their toxicity, ranging from the severe to the slight 
category (Table 7). 

MBC is the most toxic fumigant used in forest 
nurseries because chloropicrin ranks in the severe cat- 
egory and methyl bromide is in the moderate category 
(Table 7). Chloropicrin, also known as “tear gas”, is 
extremely irritating to eyes and skin (Table 8). Concen- 

trations as low as 2 ppm can be lethal if inhaled for as 
little as 1 minute, and concentrations of 0.1 ppm can be 
injurious over longer periods (Thomson 1988). Pure 
methyl bromide is relatively less toxic than chloropicrin 
and is rated in the moderate toxicity category (Table 7). 
This fumigant is particularly dangerous to use because 
it is colorless and odorless. Chronic exposure to methyl 
bromide causes severe health hazards (Table 8); expo- 
sure to 2000 ppm of methyl bromide for 1 hour may be 
lethal (Thomson 1988). In formulations containing a 
mixture of methyl bromide and chloropicrin, exposure 
time to excessive amounts is usually very short; this is 
due to the extremely irritating nature of the chloropicrin 
which compels the person being exposed to quickly 

Table 8. Potential health hazards of common nursery fumigants 

Fumigant Known health hazards 

Methyl bromide Exposure symptoms - Although it has no odor, methyl bromide causes severe 
chemical skin bums, swelling of bronchial membranes, and kidney damage. 
Small amounts will cause nausea and vomiting, and may lead to mental confu 
sion, double vision, tremors, lack of coordination, and slurred speech. Continued 
exposure leads to coma and death. 

Cancer - Variable information. 

Reproductive/developmental - Organ weight variation in offspring of rats; 
fetal and maternal toxicity. 

Chloropicrin 

Dazomet 

Vorlex 

Exposure symptoms - Chloropicrin has an obnoxious odor and was used as a 
chemical warfare agent in World War I. It is extremely irritatingdausing 
tearing, swelling of bronchial membranes, gasping, and vomiting. Severe 
exposure may result in irregular heartbeat and asthma. 
Cancer - Insufficient information. 

Reproductive/developmental - No information. 

Exposure symptoms - Dazomet is irritating to skin and eyes. 

Cancer - None observed in animal studies. 

Reproductive/developmental - No information on dazomet, but methyl 
isothiocyanate causes maternal toxicity and fetal death in animals. 

Exposure symptoms - Highly irritating to eyes, skin, and lungs. 

Cancer - Methyl isothiocyanate is not carcinogenic in animals, but 1,3- 
dichloropropene appears to be. 

Reproductive/developmental - No information on vorlex, but xylene, one of the 
ingredients, causes birth defects in animals. 

Sources: USDA Forest Service (1989); USDA Forest Service (1987); Bohmont (1983); Thomson (1988); Great Lakes Chemical Company(l989). 
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move from the area. Information about the cancer- 
causing ability of methyl bromide and chloropicrin is 
varied. For chloropicrin, there is no information regard- 
ing carcinogenicity. For methyl bromide, some carci- 
nogenic effects are reported (Great Lakes Chemical Co. 
1989) although very recent reports indicate no cancer 
effects (J. Sargent, Great Lakes Chemical Co., West 
Lafayette, Indiana. Personal communication, 1989). 

Dazomet and vorlex share a common active ingredi- 
ent (methyl isothiocyanate), and rank in the moderate 
toxicity category (Table 7). Dazomet does not break 
down into a gas until it contacts soil moisture; because 
of this, it is easier to control than an injected gas. The 
micro-granule formulation of dazomet can be irritating 
to skin and eyes (Thomson 1988). Although dazomet 
has not caused cancer in animal studies, other health 
effects have been observed (Table 8). 

Metam-sodium also breaks down into methyl 
isothiocyanate, but is slightly less toxic than dazomet or 
vorlex, which places it in the slight toxicity category 
(Table 7). Metam-sodium can be irritating to skin, eyes, 
and mucous membranes (Thomson 1988), but the risk 
of cancer from exposure to methyl isothiocyanate is 
apparently low (Table 8). 

Quality of fumigant exposure data 
The quality of information on the effects of fumigants 
on human health is marginal or inadequate in some 
areas (Tables 8 and 9). The published information can 
be categorized by six types of toxicity: systemic, carci- 
nogenic, reproductive and developmental, mutagenic- 

ity, neurotoxicity, and immunotoxicity (Table 9). Very 
little work is done on humans; human data are usually 
derived from accidents or from operational exposure. 
Therefore, most tests have been done on animals, such 
as rats or rabbits, and much of the available information 
is difficult to interpret and compare because different 
units were used and results were variable. Table 9, 
however, categorizes the general state of data (ad- 
equate, sufficient, marginal, or inadequate) from avail- 
able published animal studies. 

Human health risks 
When determining the danger of a particular pesticide, 
both the toxicity of the material, as well as the probabil- 
ity of exposure, are important. The nursery workers at 
greatest risk for exposure to fumigants are those in- 
volved in applying them: tractor drivers, shovelers, and 
tarp lifters (Table 10). Other nursery workers, such as 
weeders or inventory crew, will have almost negligible 
risk since they are in the fields after the fumigant has 
long since dissipated. For the general public, including 
residences adjacent to the nursery, there is more poten- 
tial risk of exposure to fumigants than other pesticides 
due to the gaseous nature of the fumigants allowing 
them to diffuse and be carried away from the site of 
application and onto neighboring property. 

The probability that detrimental health effects will 
occur has been estimated, based on Threshold Limit 
Values (TLVs), for the various workers involved in 
fumigant application and for the general public (Table 
10). A TLV is the estimated maximum concentration 

Table 9. Quality of nursery pesticide database for each toxicity category 

Reproductive/ Mutagen- Neuro- Immuno- 
Fumigant Systemic Carcinogenic Developmental icity toxicity toxicity 

Methyl bromide Adequate Sufficient: 
new studies 
could change 
conclusions 

Chloropicrin Adequate Marginal: 
variable 
results 

Dazomet Sufficient: Adequate 
new studies 
could change 
conclusions 

Marginal: Adequate Adequate Inadequate 
variable 
results 

Inadequate Marginal: Inadequate Inadequate 
variable 
results 

Sufficient: Marginal: Sufficient: Marginal: 
new studies variable new studies variable 
could change results could change results 
conclusions conclusions 

Source: USDA Forest Service (1989). 
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for an 8-hour workday exposure that will not result in 
any adverse effects. Workers using MBC-33 are at the 
highest risk because their estimated doses for chloropi- 
crin exceed the TLV. Workers applying dazomet are at 
a lower risk because their estimated doses are less than 
the TLV (Table IO). Risks associated with dazomet 
application should be further reduced by the lag time 
between application and formation of toxic compounds 
in the soil. Gases from both MBC and dazomet can drift 
for some time after application and may cause workers 
and neighbors to experience some degree of minor 
irritation. Although there are not documented cases of 
serious injury to these people, fumigant drift under 
certain weather conditions has caused concem (J. Myers, 
Personal Communication). 

Future availability of fumigants 
For the past few years, nursery managers have ex- 
pressed concem about the possibility that the use of 
some fumigants, particularly MBC, will be severely 
restricted or banned. This is a legitimate concem 
because other fumigants have been banned after they 
were detected in groundwater in agricultural areas. A 
soil fumigant (DBCP) is the most widespread pesticide 
contaminant of groundwater in the United States, and its 
use was suspended in 1979. Since then, other fumigants 
have also been detected in groundwater and subse- 
quently removed from the market: D-D, a nematicide, 
along with EDB, a close chemical relative of MBC 
(Russell and others 1987). Because of this “guilt by 
association,” groundwater is being tested across the 
country for MBC, but it has not been detected as of this 
date (Parsons and Witt 1988). It is considered unlikely 
that MBC would ever be detected, however, because it 
rapidly dissociates into inorganic bromide and a methyl- 
containing substance before reaching groundwater sup- 
plies (Bentson and Lavy 1989). 

Another concem about the future of soil fumigants 
is the possible link to cancer. MBC is particularly 

suspect because it is considered a possible mutagen in 
humans (USDA Forest Service 1989), and the closely 
related EDB has already been shown to be a potent 
carcinogen in animals (Russell et al. 1987). Although 
further cancer testing is underway for both methyl 
bromide and chloropicrin, the results are inconclusive 
so far (USDA Forest Service 1989). 

At the present time, however, none of the four 
currently used fumigants (MBC, dazomet, metam-so- 
dium, or vorlex) are in any danger of losing their 
pesticide registration in the United States. We specifi- 
cally inquired about the re-registration status of the 
MBC fumigants and company representatives and En- 
vironmental Protection Agency scientists informed us 
that they will continue to be available to the agricultural 
community (J. Andersen, U.S. Environmental Protec- 
tion Agency, Washington, D.C. Personal communica- 
tion, 1989). 

Conclusions and recommendations 
Although fumigants are extremely toxic pesticides, 
they are relatively not persistent in the environment, 
they have immediate severe health risks, but long-term 
risks are not much more severe than other pesticides. If 
properly applied with adequate precautions, they can 
continue to be a major weapon in the chemical arsenal. 

Fumigation and integrated pest management 
Soil fumigation, along with other cultural activities and 
pesticides, should always be viewed in the larger con- 
text of an overall nursery pest management plan. Pro- 
gressive nurseries have begun to define their pest man- 
agement activities in the context of integrated pest 
management. Integrated pest management in forest 
nurseries can be defined thus: 

“Integrated nursery pest management is the mainte- 
nance of seedling pests at tolerable levels by the planned 
use of a variety of preventive, suppressive, orregulatory 
methods (including no action) that are consistent with 

Table 10. Probability of health hazards for public and workers exposed to common soil fumigants 

Fumigation Applicators’ 

Fumigant Public Driver Shoveler Tarp lifter 

Methyl bromide Low Moderate Moderate High 

Dazomet Low Moderate N/A2 N/A 
Chloropicrin Moderate High I2 I 

i Average exposures per workday, based on historical data of workers not wearing protective clothing. 
* I = Insufficient information; N/A = Not applicable. 
Source: USDA Forest Service (1989). 
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nursery management goals. It is implicit that the actions 
taken are the end-result of a decision-making process 
where pest populations and their impact on hosts are 
considered and control methods are analyzed for their 
effectiveness as well as their impact on economics, 
human health and the environment” (USDA Forest 
Service 1989). 

Useof afumigant, like any other pest controlmethod, 
must be analyzed for the entire range of nursery effects, 
including control of the target pest, impact on seedling 
growth and survival, cost of application, effect on the 
environment, and hazard to worker health and public 
safety. 

Ant?/W Fumigation in an IPM Context 
example: Soil Disease 

U 

(7 9 
Select Method that Best 

(7 

,&j 

Figure 7. A flow chart can help nursery managers think through the 
sequential steps in an integrated pest management (IPM) program. 
This example shows the sequence of events for managing a soilborne 
disease problem. 

Selection of a pest control method to control a 
specific target pest will depend on the priorities and 
resources of the nursery. Pesticides are no longer 
applied based solely on their ability to control a pest or 
because they are considered to be more cost-effective 
than other methods. Other issues, such as risk to human 
health, may drive the decision to use or not use a 
particular pest control method. 

The decision-making process for managing soil- 
bome pests in a @ m t  w a m y  an he ,illustrated with a 
flow &hart which shows both the steps and& a&r in 
which they are taken (Figure 7). 
are sevwd key steps: 
1. IMmnhing  wktherornotthereisapst 
need of treatment 
2. Deciding which pest control methods are available to 
reduce or prevent crop damage 
3. Analyzing the benefits anddrawbacks of eachmethod 
4. Selecting the best pest management method in accor- 
dance with the goals and priorities of the nursery 
5 .  Implementing pest treatment 
6. Evaluating the treatment for effectiveness 

Documentation is an important yet often neglected 
part of an integrated pest management program. Ad- 
equate documentation includes figures on pest popula- 
tion trends, type of control treatment (what was used, 
rates, dates of application, etc.), and treatment effec- 
tiveness, but there should also be some documentation 
of the analysis and rationale used for selecting the 
treatment to aid in future decisions. 

If fumigants are analyzed and applied in a compre- 
hensive integrated pest management context, nursery 
managers can be assured that they are acting in a logical, 
environmentally sound manner and will continue to be 
able to use these effective pesticides. 
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Abstract 
The damage, hosts, biology and management of the major insects affecting forest nursery seedlings in British 
Columbia, Canada are discussed. An appendix contains similar information for nursery insects of minor importance 
in the province. 

Resume 
Cette Ctude dCcrit les dommages, les organismes hates, les caractkristiques biologiques et le mode de gestion des 
principaux insectes (avec un tableau portant sur les insectes d'importance moindre) attaquant les semis arboricoles 
cultivCs en pCpinibre en Colombie-Britannique. 

Introduction 
Conifer seedling nurseries have a unique complex of 
insect pests because young and succulent seedlings can 
be hosts to several insects that would not normally feed 
on mature trees. Many of these insects are general 
feeders and often attack agricultural crops. They di- 
rectly affect the quantity and quality of seedlings pro- 
duced. Monetary losses include the cost of producing 
dead or culled seedlings, plus the cost of control proce- 
dures. There is also an increasing resistance to the use 
of insecticides due to human health and environmental 
concerns. Complications arise when planting sites have 
been prepared in the field and the seedlings are not 
available. This can delay reforestation for 1 or more 
years, and if weeds become established the site will 
have to be prepared again. In addition, infested stock 
can disseminate pests to new areas, reducing the sur- 
vival of the stock. 

The Appendix describes nursery insect pests and 
their damage, and outlines recommended control 
procedures. The insects are grouped by feeding habits: 
chewing, sucking, girdling, and root feeding. 

Foliage feeders 
Most insect pests inconifer nurseries feedon theneedles 
and shoots of seedlings. General feeders will readily 
attack young seedlings before the stems become woody 
and the needles become resinous. These insects are the 
most easily detected and controlled because pests or 
damage can be seen on inspection. In small infestations, 
the insects can be removed by hand and destroyed. In 
large infestations, or when damage is severe, foliar 
applications of insecticides may be necessary. 

Root collar feeders 
Conifer seedlings can sustain girdling damage from 
several insects. Although the damage from different 
insects often looks similar, type of stock, time of dam- 
age, and some characteristics of the girdle can help to 
distinguish the culprits. 

Girdling damage or presence of the insects is not 
easily detected. Most of these pests are soil or surface 
dwelling; some are nocturnal. Often their presence is 
not noted until major feeding damage to the root collar 
has caused the shoot to turn chlorotic. If the damage 
occurs before the seedlings have become dormant for 
the winter, callous tissue may develop along the edges 
of the feeding injury and adventitious roots may de- 
velop. Seedlings girdled after they are dormant will not 
turn chlorotic and damage may still appear fresh when 
the seedlings are lifted. 

Partial girdling probably does reduce seedling vigor, 
especially when seedlings are planted in reforestation 
sites. However, under current grading standards, all 
such seedlings are automatically culled. 

Root feeders 
Soil-dwelling insects that feed on the roots of conifer 
seedlings are the most difficult to detect and control. 
Unless the seedlings are lifted during routine surveys, 
infestations are not noticed until the supply of water and 
mineral nutrients to the seedling shoot is reduced, 
resulting in foliar symptoms. By this time, damage is 
usually too severe to save the seedIing. 

Root feeders cause further problems by opening 
infection courts for soil-borne pathogens. Pesticides 
must be applied as a soil drench, and contacting all pests 
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can be difficult. As well, the chemical used must be 
carefully chosen because many compounds are inacti- 
vated in the soil. Often control programs for larval 
stages are aimed at preventing the mobile adults from 
ovipositing on the conifer seedlings. 

Control considerations 
Insect control in nurseries is practised at all phases of 
production and begins with the selection of the nursery 
site. Factors to be considered include the incidence of 
pests in the surrounding areas and presence of plants 
that could serve as alternative hosts, and the existence of 
established quarantine zones for insects. General year- 
round maintenance of the site is crucial forreducing and 
controlling many insect populations. For example, 
grasses in and around the nursery can serve as alternate 
hosts for both the cranberry girdler and the European 
marsh crane fly. Removal of weeds in general can help 
reduce endemic populations of cutworms, lygus bugs, 
and root weevils. Populations of fungus gnats can build 
up in pools of standing water, so greenhouse facilities 
should have adequate drainage. The build-up of algae, 
moss, and liverworts in container culture can also en- 
courage fungus gnats and springtails. 

Monitoring programs have been developed for sev- 
eral nursery insect pests. Pheromones are used EO trap 
the spruce budworm, European pine shoot moth, and 
cranberry girdler moth. Yellow-colored sticky traps are 
used to monitor fungus gnats, and board traps are used 
for root weevils. Light traps are occasionally used to 
reduce and monitor populations of moths in green- 
houses. 

Current control procedures rely less on pesticides. 
Many insect pests such as cutworms and tussock moth 
larvae are hand-picked and destroyed. Some pests are 
physically excluded from greenhouses for part of the 
season by closing the doors and placing screens over the 
fans. Several biological control agents have also been 
tested. Nematodes have been used against root weevil 
larvae, viruses against rusty tussock moth larvae, and 
Bacillus thuringiensis against cutworms. 

Pest management in British Columbia conifer seed- 
ling nurseries is a relatively new field. As nurseries are 
becoming established in new areas and as stock types 
change, new insects are becoming pests. When discov- 
ered, the pests are identified, their biology is investi- 
gated, and management programs are developed. An 
active program to gain new registrations for safer and 
more effective pesticides has also been established in 
the province. 
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Appendix. Common insect pests of conifer nurseries in British Columbia 

Chewing insects 

Cutworms, especially variegated cutworm Peridroma saucia (Palmer and Nichols 198 1) 

Species affected - All species of conifers in both bareroot and container culture 

Potential for damage - Greatest losses occur in 1+0 stock; several seedlings can be destroyed by a 
single larva each night. Larvae shelter in 2+0 stock in open compounds, causing minimal damage, 
but may then also accompany stock to planting sites. There are probably populations at all nurseries 
in every growing season, but the severity of the infestation varies greatly. 

Signs and symptoms - During growing season, larvae grow up to 4 cm long; caterpillars are large, 
soft, and fat, with hairless bodies and shiny heads, and they feed on foliage. Symptoms that may 
indicate presence of cutworms are stems without needles, depressed areas on stems that look like 
fungal lesions, stems cut off below the soil so it appears that the seedling did not germinate, or stems 
cut off at ground level. 

Adult cutworm moths are thick- bodied, dull-colored, mostly noctumal, and about 18 mm long. 
They fold their wings in a tent fashion when at rest. 

Management - Permethrin is effective when applied under warm, moist conditions in the evening 
when activity is highest. Adult moth populations can be reduced by the use of light traps, closed 
doors, and screens placed over fans in greenhouses. Keeping nursery sites weed-free reduces 
cutworm populations because many moths are attracted to certain weeds when ovipositing. 
Applications of bait reduce cutworms in 2+0 stock. 

Needle tiers Choristoneura rosaceana and Archips rosanus (Fumiss and Carolin 1977) 

Species affected - Infestations often occur in spruce, but most species of seedlings have been 
attacked 

Potential for damage - Distribution is spotty throughout the crop, and usually solitary; most 
infestations are incidental. 

Signs and symptoms - Larvae web the top needles of the seedlings together early in the season 
when the seedlings are about 5-8 cm tall. 

Management - Can be controlled physically by the removal of caterpillars. Applications of 
insecticides are seldom necessary. Larvae are green with black heads. 

Spruce budworm Choristoneura occidentalis (Unger 1986) 

Species affected - Douglas-fir and spruce seedlings. Do not feed significantly on pine. 

Potentialfor damage - Larvae are voracious feeders and cause severe damage to small seedlings. 
Adult moths may oviposit on nursery seedlings. Resulting larvae can accompany stock from the 
nursery to reforestation sites. 

Signs and symptoms - In spring, nursery stock can become infested by larvae that have 
overwintered in small, silken cocoons in mature trees in and around the nursery site. The larvae spin 
long silken threads which get caught in the wind and carry the larvae into nursery stock. Full-grown 
larvae are 30 mm long, with brownish heads and bodies and prominent ivory-colored spots. 
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Management - Applications of sevin are often necessary to protect seedlings from larvae in the 
spring. Pheromone traps are used to monitor adult moths. If warranted, diazinon sprays will 
discourage oviposition on the seedlings. 

. 

Spruce spider mite Oligonychus ununguis (Doidge and Marshall 1971) 

Species afected - Douglas-fir, true firs, hemlock, larch, spruce, and pine 

Potential for damage - These are sporadic pests at some nurseries, particularly in the interior of 
B.C., but infestations are usually not severe. 

Low host vigor, host crowding, and the absence of natural enemies will enhance outbreaks; 
damage usually occurs near the end of the growing season when seedlings are being stressed for 
water and nutrients to induce bud set. 

Signs and symptoms - The mites feed on needles, causing them to become dry, mottled, and 
bleached. First there is a chlorotic stippling of the foliage; later a fine silk webbing develops which 
eventually covers the foliage. Severely affected foliage tums dingy yellow to dull rusty brown and 
the needles drop off. 

Management - A proper miticide must be used; applications must often be repeated because the 
eggs are resistant to pesticides, and several different life stages are usually present simultaneously. 

Sucking insects 

Giant conifer aphids Cinara spp. (Fumiss and Carolin 1977) 

Species affected - All species of seedlings can be hosts for at least one species of Cinara 

Potential for damage - Giant conifer aphids usually do not cause damage until they have reached 
high numbers, but population build-up is fast and erratic. They are a particular problem on stock 
grafted for seed orchards. 

Signs and symptoms - Aphids are 3-5 mm long, dark- colored and long-legged. They feed 
gregariously, usually on the stem of the seedlings. Heavy infestations severely reduce growth and 
vigor of seedlings and may cause foliage chlorosis. Often Cinara infestations are detected by the 
presence of wasps or ants. Eggs, the overwintering stage in the aphid life cycle, are about 1 mm 
long, black, and oval; there is usually one per needle. 

Management - Wasps feed on the honeydew the aphids produce, as well as on the aphids 
themselves, and can be used to control small populations. Larger infestations may require an 
insecticide. At the end of the growing season, aphids may lay overwintering eggs on the seedlings. 
Once present, eggs are hard to control and stock will leave the nursery infested with aphids. 

Cooley spruce gall aphid Adelges cooleyi 1st life stage Woolly stage (Wood 1977) 

Species affected - Douglas-fir, white, Engelmann, or Sitka spruce seedlings 

Potential for damage - The woolly stage can be a serious pest on nursery stock, since it is present 
all year round. The white, woolly covering makes them harder to control. 

Signs and symptoms - Aphids appear as little white balls of fluff about 1 mm long on the lower 
surface of needles and shoots. Feeding on the needles causes them to be mottled or twisted and 
severe infestations can cause stunting or needle drop. 
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Management - Small infestations can be successfully treated with Safer’s soap; large infestations can 
be treated with diazinon. 
Mature spruce trees host the altemate stage of the life cycle and should be removed from the nursery 
site. 

2nd life stage gall stage 

Species affected - Spruce transplant or grafting stock that is at least 3 years old 

Potential for damage - Seedlings are seldom killed, but heavy infestations can reduce growth and 
vigor and cause deformation in small trees. 

Signs and symptoms - Cone-shaped galls form on spruce. 

Management - Galls may be clipped off and destroyed. Removing Douglas-fir, the altemate host, 
will help to reduce populations. 

Green spruce aphid Elatobium abietinum (Koot 1983) 

Species affected - Most spruce species, particularly Sitka spruce, may occur on pine and Douglasfir. 

Potential for damage - Initial feeding results in mottled needles, followed by chlorosis and needle 
drop. Severe infestations can lead to complete defoliation and seedling death. 

Signs and symptoms - Aphids are 1 mm long and dark green with long comicles. They are usually 
found on lower shaded needles rather than on the leaders or growing tips. 

Management - Populations overwinter as adults on foliage and, under mild conditions, will continue 

Control is often necessary. 
to reproduce and feed. Nursery personnel must be aware of populations throughout the year. 

Woolly aphid Mindarus obliquus 

Species affected - Spruce 

Potential for  damage - Has been a problem at several nurseries across the province. It is capable of 
killing the terminal of the seedling and causing deformation. 

Signs and symptoms - Aphids appear as a white woolly mass at the tip of the seedling. 

Management - Widespread infestations may require treatment with an insecticide. 

Tarnished plant bug Lygus lineolaris (Schowalter et al. 1986) 

Species affected - This insect has a preference for 1+0 stock. Most damage has occurred on pine and 
spruce; Douglas-fir, cedar, and larch have also been attacked. Up to 50% of some stock types can be 
attacked. 

Potential for  damage - Lygus bug damage has been found at almost every nursery. Lygus 
populations invade the nurseries throughout the growing season from mid May to late September. 

Signs and symptoms - Adults are mottled yellowish or reddish brown, 7 x 3.5 cm, with flat, oval 
bodies. The five nymphal instars are greenish and resemble aphids. Feeding on the apical meristem 
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causes an initial distinctive terminal distortion. Needles are thicker, shorter, and twisted; adult foliage 
may develop in pine. An elongate scar may appear on the stern; later, a multiple leader 
develops. 

. 

Management - One application of Cymbush during the first week of June, July, and August has 
reduced damage significantly. 

Girdling insects 

Cranberry girdler Chrysoteuchia topiaria (Kamm et al. 1983) 

Species affected - Most damage has occurred on bareroot 2+0 Douglas-fir and true firs; 2cO spruce 
and Douglas-fir container stock have been attacked 

Potential for damage - In severe infestations, losses can exceed 25% of the seedlings in a bed; 
damage generally occurs in scattered patches where almost all seedlings are injured. 

Signs and symptoms - Larvae are up to 1.5 cm long and dirty white, with tan head capsules. They 
feed on stock from late August to mid-November. Larvae eat the bark and chew into the wood. The 
area about 2.5 cm above and below the soil line is attacked; major damage to the root collar will 
cause the seedling to tum chlorotic. Adults are 1-2 cm long moths with a protruding snout. They 
have pale forewings with touches of brown, silver, and black. Hindwings are gray. 

Management - Pheromone traps are used to monitor moth populations and diazinon spray is 
applied to protect the crop, acting as an insecticide and repellent. Reducing the amount of grass also 
works by limiting the altemate host. 

Adult weevils Otiorhynchus rugosostriatus, Otiorhynchus ovatus, Otiorhynchus sulcatus. Suspect- 
Trachyphloeus bifoveolatus; Suspect-Strophosoma melanogrammus (Gerber et al. 1974) 

Species affected - These weevils attack container seedlings 8-15 cm in height. Spruce is preferred 
but cedar, larch, fir, and pine are also attacked. 

Potential for damage - Seedlings at the edges of greenhouses and on the outsides of styroblocks 
are most frequently attacked. Usually one seedling is girdled at one time. 

Signs and symptoms - Damage consists of a uniform 1-cm-wide ring below the point at which 
foliage begins in the fleshiest part of the stem. Damage usually occurs in June and July. 

Management - Belmark is applied as a foliar spray during the second week of May followed by a 
second application 3 weeks later. 

European marsh crane fly (leather jackets) Tipula paludosa (Wilkinson and Gerber 1983) 

Species affected - Any stock present in the nursery in early spring may be attacked 

Potential for damage - Damage is limited to coastal areas. Crane flies have been chronic pests at 
several coastal nurseries for the past 10 years, and are common and damaging pests of lawn and turf. 

Signs and symptoms - Adults resemble large mosquitoes, are 2.5 cm long, and have 2-cm wings 
and long spindly legs. Legless larvae are a grayish color, and have tough leather-like skin. They are 
4 cm long in older instars. Damage occurs in the spring and consists of a uniform ring 3 cm wide at 
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the soil line; only the bark is consumed. Damage is spotty, and one to seven seedlings are attacked 
by one larva. 

Management - Best control is achieved by drenching for larvae with insecticides in October. 

Springtails Bourletiella hortensis (Marshall and Ilnytzky 1976) 

Species affected - Conifer seedlings in bareroot nurseries 

Potential for damage - Most feed on decaying material but if in large numbers they will also feed 
on conifer seedlings. 

Signs and symptoms - Springtails are small (less than 6 mm long), often gray-colored insects, with 
an appendage-like structure on the abdomen that allows them to jump. They attack the hypocotyle 
area between the needles and the roots after seedling emergence for about 3 weeks, producing small 
lesions which may result in deformation or mortality of seedlings. 

Management - Once the seedling stems become woody, springtails are no longer a problem. 
Routine pre-emergence applications of the herbicide A W K reduce numbers. If large populations 
persist, Diazinon may be applied. 

Root feeding insects 

Black vine weevil Otiol-hynchus sulcatus (Nielsen et al. 1978) 

Species affected - Conifer seedlings in container culture, Douglas-fir and hemlock 

Potential for damage - Larvae can cause considerable damage to container stock, especially at 
coastal nurseries enhanced by 2+0 container rotation. They are also a serious problem in grafting 
houses. 

Signs and symptoms - Adults are 9 mm long and brownish black, with patches of yellow hair on 
the abdomen. Larvae are white, C-shaped, and legless, with brown-headed capsules. They consume 
roots and girdle the stem below the ground line throughout the fall and winter. Adults girdle 
seedlings from late May to July. 

Management - These pests can be physically excluded by placing Stickem on table legs or placing 
each table leg in a bucket of soapy water. Applications of Belmark for recurring infestations are 
recommended; it should be applied after adult emergence but before egg-laying begins. 

Strawberry root weevil 0. ovatus (Shrimpton 1985) 

Species affected - Predominantly 2+0 bareroot stock 

Potential for damage - Strawberry root weevil damages conifer seedlings in the Pacific Northwest, 
but has only been a serious problem in one Lower Mainland nursery. Damage usually occurs in 
patches because weevils are somewhat gregarious. 

Signs and symptoms - Adults are dark brown to black, 6 mm long, and egg-shaped. Larvae are 
white, C-shaped, and legless, with brown-headed capsules, smaller than those of black vine weevil 
larvae. 

collar. Seedlings may become chlorotic in the fall, indicating root damage. 
Larvae eat roots of seedlings, stripping most laterals. In heavy concentrations, they may girdle root 
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Management - Populations are monitored using board traps to determine the length of the adult - 

emergence period, the distribution of weevils throughout the nursery, and the effectiveness of control 
programs. 

Surface application of Orthene or Belmark is recommended. First spray should be applied 2 weeks 
after the adult population starts to emerge in the spring; later applications may be necessary. 

Fungus gnats family Sciariadae (Lindquist 1983) 

Species affected - Container seedlings, all species 

Potential for damage - Larvae normally feed on soil fungi and organic matter but will be attracted to 
seedlings if they have been predisposed by stress. Infestations often accompany infections of root 
pathogens. 

Signs and symptoms - Adults are small, 2.5 mm, dark- colored, mosquito-like flies, with clear wings, 
long legs, and segmented antennae. Larvae are legless, semi-transparent, milky-white worms with 
black heads; they range up to 0.5 cm in length. Larvae consume root hairs and small rootlets, but in 
heavy concentrations will strip main roots and sometimes girdle the stem just below and at soil line. 
Symptoms include wilting and loss of vigor. 

Management - Management techniques include general greenhouse sanitation, removing moss and 
algae, and ensuring good drainage to remove puddles of water. After stock has been lifted, styroblocks 
should be washed and greenhouses cleaned. If larvae become established and damage is evident, 
drenching with diazinon may be necessary. Populations of adult flies can be monitored with the use of 
yellow-colored sticky traps. 

Conifer root aphid Pachypappa tremulae (Shrimpton 1985) 

Species affected - Container spruce, spruce potted for grafting stock; also pine, larch, and Douglas-fir 

Potential for damage - Conifer root aphids have infested stock at several nurseries, particularly in the 
Prince George area. Those that have been infested report no damage. Damage will be minimal if 
seedlings are growing in ideal conditions with ample nutrients. 

Signs and symptoms - Aphids are detected by secretions of white, waxy filaments, and infestations 
are usually on the surface of the plug between the roots and the container wall. An alternative life cycle 
occurs on the leaves of Populus tremuloides, where aphids form leaf nest structures. 

Management - No control measures are recommended to date. 
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Abstract 
Lygus lineolarius (Palisot de Beauvois), L. hesperus (Knight) and L. rugulipennis (Poppius) can cause multiple 
leaders to form on conifer seedlings. Injury due to Lygus bugs has increased during the last two decades to the point 
where these bugs are now considered the worst insect pest at many conifer nurseries. At several nurseries, Lygus 
bugs have injured 30% or more of the seedlings. Substantial injury has occurred in the United States, Canada, 
Europe, and the United Kingdom. Similar injury in other regions of the world (Le. New Zealand) might also be 
attributed to Lygus or related species. It is hypothesized that the rise in injury results from a cessation in the use of 
mineral spirits (also known as white spirits or mineral oils) that were frequently applied to control weeds in seedbeds. 

Resume 
Lygus lineolarius (Palisot de Beauvois), Lhesperus (Knight) et L.rugulipennis (Poopius) peuvent entrainer la 
formation de pousses apicales multiples sur les semis de conifkres. Les d6gbts caus6s par Lygus ont tellement 
augment6 au cours des deux demikres d6cennies que ces punaises sont maintenant considtr6es comme le pire 
ravageur dans de nombreuses pkpinikres de conifkres. Difftrentes espkces de Lygus ont endommag6 plus de 30% 
des semis dans plusieurs ptpinikres. Des dommages importants ont tt6 signal& aux Etats-Unis, au Canada, en 
Europe et au Royaume-Uni. Des d6gbts similaires observ6s dans d’autres r6gions du monde (comme en Nouvelle- 
ZClande) pourraient tgalement &tre attribuables B Lygus ou B des espkces apparentkes. On presume que cette 
augmentation des dommages est attribuable B l’abandon des essences mintrales (Cgalement appel6es solvants 
blancs) qui Ctaient souvent appliqu6es sur les planches de semis pour lutter contre les mauvaises herbes. 

Introduction 
Insects in the Lygus complex1 occur throughout the 
world and can be found in North and South America, the 
United Kingdom, Europe, Africa, India, Russia, China, 
Japan, Hawaii, Australia, Fiji, and New Zealand (Gra- 
ham et al. 1984; Wise 1977). It has been known for 
many years that various insects in this group can injure 
tree seedlings (Haseman 1918; Graham 1929; Forsslund 
1936; Francke-Grosmann 1962). Members of the Ly- 
gus genus can injure both hardwoods (Haseman 1918; 
Sapioet al. 1982) andconifers. Several species ofLygus 
occur in Europe and Asia and more than 30 species can 
be found in North America (Kelton 1975). 

When Lygus injures conifer seedlings, there is usu- 
ally a distinctive growth distortion at the terminal. 

Feeding at the terminal leads usually results in a loss of 
apical dominance. This leads to the formation of 
multiple leaders (sometimes referred to as “bushy-tops” 
in the United Kingdom and United States, “cabbage 
heading” in Canada, and “brooming” in Czechoslova- 
kia). Within a week of injury, growth of newly emerg- 
ing needles is distorted: they are shorter, thicker, and 
appear to be affected by a chemical or growth hormone. 
On some seedlings (ca. 20%), a brown lesion forms on 
the main stem just below the dead terminal. Overhulser 
and Kanaskie (1989) have provided color photographs 
of the insect and associated damage to Pseudotsuga 
menziesii (Mirb.) Franco. However, reports of injury in 
conifer nurseries were not common until after the 1970s 
(Table 1). Either the injury was often misdiagnosed, or 
the frequency of injury has increased for some reason. 

‘For many years, the genus Lygus (family Miridae) contained a number of subgenera (Le. Orthops, Lygocoris, Agnocoris, Stechus, Neolygus, 
Apolygus, and Tuylorilygus) (Kelton 1975). However, since 1940, many of the subgenera have been raised to generic status. As a result, the 
number of species in Lygus has been greatly reduced. For the purposes of this paper, the term “Lygus” refers to species in the current genus and 
the term “Lygus complex” refers to all genera that were at one time classified as Lygus. 
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Misdiagnosis 
Correct identification of the pest is the first vital step in 
a nursery pest management program (Sutherland and 
van Eerden 1980). However, due to the habits of these 
insects, injury from Lygus bugs is often misdiagnosed. 
Since these insects are very mobile, they are seldom 
found on the seedlings when the symptoms appear. 
During dry spells, they are apparently attracted by the 
presence of succulent plants that have been fertilized 
and irrigated (Adkisson 1957). Within afew days, they 
can move onto nurserybeds, feed, and exit onto adjacent 
areas that contain alternate hosts. When present in the 
seedbeds, they seem to be most active during the early 
morning and can be difficult to find during the after- 
noon. Since it is difficult to associate the injury with the 
presence of Lygus bugs, the injury is often blamed on 
other agents. 

Explanations for the cause of the multiple-leadering 
have ranged from herbicide injury, frosts, viruses, ge- 
netics, disease, air pollution, “juvenile instability,” nu- 
trient deficiencies, and other insects. In the southem 
United States, use of the herbicide oxyfluorfen was 
suspected to cause injury (even though the same herbi- 
cide was used at nurseries where no injury was noted). 
Some thought that multiple leaders were the result of 
boron deficiencies (Ray andVanner 1988; Raitio 1983). 
In Finland, a virus was thought to be involved (Soikkeli 
1985). 

In more northern climates, injury from frost damage 
was suggested as the major reason for multiple leaders 
(Raitio 1985; Hofstraetal. 1988). However, Holopainen 
(1990a) demonstrated that low temperature alone would 
not cause an increase in multiple leaders of Pinus 
sylvestris L. In the United States, multiple-leaders 
occur on 1-0 seedlings prior to any frost damage. 

Some thought the injury was due to insects that 
could be readily found in the seedbeds. Springtails 
(Bourletiella hortensis) were common and were thought 
to cause multiple-leadered seedlings in the United King- 
dom (Bevan 1965; Aldhous 1972) and Canada, How- 
ever, after conducting several studies, it was concluded 
that springtails do not cause multiple leaders in Canada 
(Marshall and Ilnytzky 1976; Sutherland and van Eerden 
1980; Webb and Reese 1984). In the southem United 
States, several species of thrips (Frankliniella tritici, F .  
fusca,  Sericothrips variabilis, and Anophothrips 
obscurus) were suspected to cause injury since they 
were 300 to 500 times more abundant than Lygus 
lineoluris (Oak et al. 1987a). However, these species of 
thrips failed to produce multiple leadering in caging 
studies (Oak et al. 1987b). Thrips (Thrips tabaci 

Lindeman) are also suspected of causing multiple 
leadering of Pinus radiata D. Don in New Zealand and 
Chile (Ray and Vanner 1988). When the cause of 
multiple leadering is not known, it is understandable 
that most guesses as to the causal agent will be wrong. 

Increased frequency of injury 
There has been a simultaneous increase in multiple 
leadering in forest nurseries throughout the world. The 
percentage of seedlings with multiple leaders can often 
be quite high (Table 2) .  It is possible that the increase 
in injury is a result of natural cycles or adaptation by the 
Lygus bugs. However, the increase is more likely due to 
a major change in the way weeds are controlled in 
conifer nurseries. 

During the 1950s, managers throughout the world 
began to control weeds in conifer nurseries by applying 
mineral spirits (a petroleum oil also know as white 
spirits and sold under various trade names such as 
Varso12; Stoddard solvent; Shell AWK). Althoughused 
as a herbicide, mineral spirits also have insecticidal 
properties (Marshall and Ilnytzky 1976). Application 
to conifers was a common practice in Canada, the 
United Kingdom, the United States, South Africa, Aus- 
tralia, and New Zealand. However, during the 1970s, 
the price of oil greatly increased and as a result the use 
of mineral spirits declined. In 1975, almost all nurseries 
in the southem United States were still using mineral 
spirits, but most had ceased using it by 1984 (South 
1987). It was during the 1970s and 1980s when the 
reports of multiple leadering increased. At one nursery 
in New Zealand, the incidence of multiple-leadered 
seedlings was said to decrease when use of mineral 
spirits was resumed (Ray and Vanner 1988). 

The herbicidal activity of mineral spirits depends on 
its aromatic content; most brands used by nursery 
managers had an aromatic content of 10 to 25%. There- 
fore, mineral spirits may have reduced insect injury by 
acting as an insect repellant. Although petroleum oils 
can be used as insecticides, it is likely that any direct 
contact activity of mineral spirits on insects would be 
ephemeral (Marshall and Ilnytzky 1976). However, the 
smell from treated seedlings lasts for several days and 
could have kept Lygus bugs away from the nurserybeds. 
If this were the case, then weekly applications would 
have provided better protection than monthly applica- 
tions. Of course, if treatment with mineral spirits started 
after the injury had occurred on newly germinated 
seedlings, even weekly applications would not prevent 
multiple leadering. 

2Use of trade or corporation names is for the reader’s information and convenience. Such use does not constitute official endorsement by Aubum 
University of any product or service to the exclusion of others that may be suitable. 
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Table 1. Conifer species affected by Lygus spp. 

Species Reference 

Larix occidentalis Nutt. 
Picea englemannii (Parry) Engelm. 
Picea glauca (Moench) Voss 
Picea sitchensis (Bong.) Carr. 
Pinus elliottii Engelm. 
Pinus clausa (Chapm.) Vasey 
Pinus contorta Dougl. Shrimpton 1985 
Pinus palustris Mill. 
Pinus ponderosa Laws. 
Pinus sylvestris L. Holopainen 1986 
Pinus taeda L. 
Pinus virginiana Mill. 
Pseudotsuga menziesii (Mirb.) Franco 
Thuja plicata Donn 

personal observation, G. Shrimpton 
personal observation, G. Shrimpton 
Shrimpton 1985 
personal observation, D.B. South 
personal observation, D.B. South 
personal observation, D.B. South 

personal observation, D.B. South 
personal observation, G. Shrimpton 

South 1986, Bryan 1989 
personal observation, D.B. South 
Shrimpton 1985, Schowalter et al. 1986 
personal observation, G. Shrimpton 

Table 2. Examples of the percentage of conifer seedlings with multiple leaders 

Nursery Location Year Injury (%) Reference 

? 
Coosa 
Surrey 
Midhurst 
Prince Albert 
Aurora 
New Kent 
Suonenjoki 
Phipps 
Piedmont 
New Kent 
Rotorua 
Phipps 
Carters 

United Kingdom 
Alabama 
British Columbia 
Ontario 
Saskatchewan 
Oregon 
Virginia 
Finland 
Oregon 
South Carolina 
Virginia 
New Zealand 
Oregon 
Georgia 

1959-60 
1982 
1982 
1982 
1982 
1983 
1984 
1984 
1984 
1984 
1984 
1985 
1985 
1986 

35 
4 
11 
30 
29 
14 
10 
65 
33 
40 
10 
23 
62 
17 

Bevan 1965 
personal observation 
Hofstra et al. 1988 
Hofstra et al. 1988 
Hofstra et al. 1988 
Overhulser et al. 1986 
personal observation 
Holopainen 1986 
Overhulser et al. 1986 
Cantrell 1989 
personal observation 
Ray and Vanner 1988 
Overhulser et al. 1986 
Bryan 1989 

Table 3. Insecticides that have reduced the occurrence of multiple leadering of conifer seedlings 

Insecticide Species Ref ere n c e 

acephate 
c yperrnethrin 
deltamethrin 
dimethoate 
endosulfan 
fenitrothion 
fenvalerate 
oxydemethon-methyl 

Pseudotsuga menziesii 
Pinus sylvestris 
Pinus radiata 
Pinus taeda 
Pseudotsuga menziesii 
Pinus radiata 
Pseudotsuga menziesii 
Pinus sylvestris 

Overhulser et al. 1986 
Holopainen 1989b 
Ray and Vanner 1988 
Bryan 1989 
Overhulser et al. 1986 
Ray and Vanner 1988 
Overhulser et al. 1986 
Holopainen 1989b 
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Observations from the southern United States 
Multiple leadering of pines was not considered a prob- 
lem in southern nurseries prior to 1982 (Wakeley 1954; 
South 1986). In 1982, Bill Rayfield at the Coosa 
Nursery in Alabama reported 4% multiple leadering 
(mineral spirits were last used at this nursery in 1978). 
Similar symptoms were recognized at other nurseries in 
1983. However, it took several years before the cause 
of the injury was determined. Numerous guesses as to 
the causal agent were made. Finally, a report from 
Canada (Shrimpton 1985) indicated that Lygus lineoluris 
could cause multiple leadering of pines. Although this 
species could easily be found on adjacent fields in 
southern pine nurseries, initial searches failed to find 
them on the seedlings. Finally, on June 20, 1985, both 
nymphs and adults were observed by Rick Brooks and 
Dr. Charles Davey on young Pinus tueda L. germinants 
at the Hopewell Nursery in Virginia. These reports 
along with caging studies (South 1986) convinced the 
author that Lygus lineoluris was the causal agent. 

In 1987, the Auburn University Southern Forest 
Nursery Management Cooperative installed monitor- 
ing studies at five nurseries to determine (1) if Lygus 
bugs could be trapped in Pinus tuedu seedbeds, and ( 2 )  
if there was a relationship between injury and the 
occurrence of Lygus bugs. Nurseries selected were the 
Stauffer Nursery and Coosa Nursery in Alabama, the 
Carters Nursery in Georgia, the Piedmont Nursery in 
South Carolina, and the New Kent Nursery in Virginia 
(all five nurseries had ceased use of mineral spirits 
between 1977 and 1982). 

Twelve white traps (Rebell@) were placed through- 
out each nursery (each location was usually more than 
15 m from the end of the nurserybed and at least 15 m 
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Figure 1. Recorded trapping of Lygus at five southem pine nurseries 
during the spring of 1987 (AL-1 = Stauffer Nursery; AL-2 = Coosa 
Nursery: GA = Carters Nursery: SC = Piedmont Nursery; VA = New 
Kent Nursery, 
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Figure 2. The relationship between number ofLygus trapped by June 
2 and the percent of seedlings exhibiting injury in July of 1987. 

from an adjacent cover-crop or fallowlield). Each trap 
was positioned in a seedbed and was hung from a bent 
piece of rebar so the bottom of the trap would be about 
30 cm from the ground. The number of Lygus bugs was 
usually recorded on Monday, Wednesday and Friday. 
Once a week, the traps were cleaned with mineral spirits 
and retreated with Tangletrap@. The cumulative num- 
ber of Lygus bugs caught per trap was determined for 
each nursery (Figure 1). Seedling injury at all five 
nurseries began to appear at the end of May and the first 
week of June. 

The cumulative number of bugs trapped by the first 
week of June was plotted against the amount of seedling 
injury present in July. The Piedmont nursery trapped 
the most insects (34 Lygusltrap) and had the highest 
injury (Figure 2 ) .  

Although trapping may appear to be useful in deter- 
mining when to begin spraying, it has a major limita- 
tion. For example, at the New Kent nursery, no Lygus 
were trapped up to and including May 3 1; during the 
next two-day period, an average of 2.5 Lygusltrap were 
caught. A spraying program initiated after scouting on 
June 2 would only have protected the crop from future 
injuries. A substantial amount of damage would al- 
ready have been caused. If only 4% of a crop of 30 
million seedlings were culled due to multiple-leaders, a 
loss of $36,000 could result. Therefore, most managers 
of nurseries that have experienced injury from Lygus 
bugs usually spray prophylactically with an insecticide 
(e. g , fenvalerate). 

Instead of installing traps, some managers may 
choose to monitor preferred weed hosts each morning 
for the presence of Lygus bugs. At nurseries with a high 
percentage of multiple leadering, a spraying program 
should begin ifjust one Lygus bug is found during crop 
germination. The host plants to monitor will vary with 
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season and region. In the southern United States, 
cutleaf evening-primrose (Oenothera laciniata Hill) is 
suggested while common groundsel (Senecio vulgaris 
L.) might be used at more northerly nurseries 
(Holopainen 1989a). 

Thus far, Pinus taeda nurseries with substantial 
Lygus injury have been east of the Mississippi River. 
Although nurseries west of the river use the same 
management practices, the percentage of multiple- 
leadered seedlings is usually less than 0.1%. Even 
though the westem nurseries are within the range of 
Lygus lineolaris, the population levels are apparently 
not as high as in the east. 

Observations from Oregon 
After nursery managers in the Willamette Valley ceased 
applying mineral spirits in the 1970s, they began to 
notice an increase in deformed terminal growth during 
the 1-0 year. Seedlings with multiple leaders formed 
during the 2-0 year. Several studies were initiated 
during 1983 and 1984 to determine if an insect was 
causing the problem. Tests were conducted in three 
conifer nurseries (Weyerhaeuser’s Aurora Nursery, the 
United States Forest Service Nursery at Medford, and 
the D.L. Phipps Nursery at Elkton). These studies found 
that Lygus hesperus was causing apical bud abortion in 
1-0 and 2-0 Pseudotsuga menziesii seedlings (Schowalter 
etal. 1986; Overhulser etal. 1986). Detailedreports on 
the habits of this pest in Oregon nurseries have been 
made (Schowalter 1987; Schowalter and Stein 1987). 

Observations from Canada 
Multiple leadering of conifer seedlings occurs through- 
out Canada (Hofstra et al. 1988) and was recorded in 
Ontario nurseries as early as 1957. In some cases, the 
percentage of seedlings with multiple leaders has ex- 
ceeded 50%. Therefore, numerous studies have been 
conducted on the multipleleadering problem (Vaartaja 
et al. 1964; Gross 1982, 1983, 1985; Webb and Reese 
1984). Apparently, two types of injury can result in 
multiple leaders: (1) damage from frost or over-winter 
desiccation of buds; and (2) abnormal development of 
the apical bud (Webb and Reese 1984; Hofstra et al. 
1988). The terms “Reese syndrome” and “cabbage 
heading” were coined to describe injury of the second 
type (Vaartaja et al. 1964; Webb and Reese 1984). 
Although the initial studies by Gross concluded that 
springtails were not the problem, they did not eliminate 
Lygus as the causal agent. 

In 1983, notable damage from Lygus lineolaris 
occurred at several nurseries in British Columbia 
(Shrimpton 1985). However, this species is found from 
Alaska to Mexico, and from the Queen Charlotte Is- 

lands to Newfoundland (Kelton 1975). Therefore, it is 
likely that much of the abnormal bud development 
observed in other Canadian nurseries (Hofstra et al. 
1988) is also caused by this species. 

Observations from Scandinavia 
Lygus bugs have injuredconifers in Finland (Holopainen 
1990b), Sweden (Bemt Arvidsson, personal communi- 
cation, National Board of Forestry, Jonkoping), and 
Iceland (Liseolotte Beyer-Ericson, Swedish University 
of Agricultural Sciences, Uppsala, personal communi- 
cation). In Finland, abnormal bud development of 
conifer seedlings is very important since Section 13 of 
the Forest Regeneration Material Trade Act (No. 684/ 
1979) states that seedlings with multiple leaders do not 
meet quality standards and therefore cannot be sold 
(Puttonen 1986). This results in a great economic loss 
since in 1984 a high percentage of Pinus sylvestris 
seedlings had to be culled because of multiple leaders. 
At one nursery, over 80% of the 2+1 seedlings had 
damaged buds (Holopainen and Rikala 1990). 

Initially, it was suggested that nutrient deficiencies, 
frost damage and viruses were causing the problem 
(Raitio 1983, 1985; Soikkeli 1985). However, it was 
determined that Lygus rugulipennis was the causal 
agent (Holopainen 1986). Another species (Lygus 
punctatus Zett.) was also collected from conifer seed- 
lings but it was present in much lower numbers. 

Several studies in Finland suggest that much of the 
multiple-leader damage on pine seedlings could be due 
to Lygus feeding rather than to frost injury (Rikala and 
Rpon 1987; Holopainen 1988, 1990a, 1990b). Al- 
though multiple leadering might result from growth 
hormones present in the saliva (see numerous citations 
in Graham et al. 1984), it has been suggested that the 
effect is simply due to the mechanical damage caused 
by the bug’s stylet (Holopainen 1986; 1990a). Using 
netting to cover the seedbeds has become a routine 
practice (Holopainen 1990b). The percentage of mul- 
tiple leadering can be reduced from 50 to 90% in 
uncovered seedbeds to 10 to 30% in covered seedbeds 
(Poteri et al. 1987). 

Observations from the 
United Kingdom 

Although a common insect, there is no current literature 
from the United Kingdom regarding injury to conifers 
from Lygus rugulipennis. However, on a visit in Sep- 
tember of 1988, the author observed Lygus rugulipennis 
on conifer seedlings at three nurseries (Tilhill Nursery 
at Tilford; EFG Nursery in Whitchurch; and the For- 
estry Commission’s Nursery at Newton). In June of 
1989, Lygus was also noted at the Forestry Commission’s 
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Research Nursery at Roslin. The symptoms ap- 
peared identical to injury caused by the same species in 
Finland (Holopainen 1986). Although “bushy-top” 
seedlings in the United Kingdom are assumed to be the 
result of springtail injury (Bevan 1965; Aldhous 1972), 
this author is confident that caging studies will prove the 
injury results from Lygus rugulipennis. 

Observations from New Zealand 
Multiple leaders have been observed on Pinus radiata 
seedlings in the nursery (Burdon and Bannister 1973; 
Ray and Vanner 1988). In some nurseries, as much as 
23% of the seedlings had multiple leaders. Like other 
regions of the world, injury was initially thought to be 
related to other factors such as nutrient deficiencies. 
Since no single factor was easily found, Burdon and 
Bannister (1973) attributed the formation of multiple 
leaders to “unstable” juvenile growth. However, it is 
now realized that the occurrence of multiple leaders can 
be reduced with frequent applications of insecticides 
(Ray and Vanner 1988). 

Although thrips (Thrips tabaci) can cause needle 
crinkling of Pinus radiata seedlings, it was assumed 
they were also the cause of multiple leaders (Ray and 
Vanner 1988). Since three members of the Lygus 
complex (Lygus buchanani Poppius, Lygus maoricus 
(Walker), and Lygus plebejus Reuter) occur in New 
Zealand (Wise 1977), it is possiable multiple leaders 
were caused by one of these species at the same time that 
thrips were causing needle crinkling. Therefore, caging 
studies could determine if multiple leaders of Pinus 
radiata are caused by thrips or by a member of the Lygus 
complex. 

Insecticides 
Numerous insecticides have been tested against Lygus 
bugs in agronomic crops (Graham etal. 1984). Some of 
the more promising ones have been used in conifer 
seedbeds in hopes of reducing the occurrence of mul- 
tiple leadering (Table 3). Although a number of insec- 
ticides may be used on pine seedlings (Bacon and South 
1989), the synthetic pyrethoids (fenvalerate and 
cypermethrin) have proven effective if applied at the 
correct time. It has been suggested that these insecti- 
cides may repel1 Lygus (Holopainen 1989b). Multiple 
insecticide applications are recommended, not only 

because Lygus bugs have several generations per year, 
but because it is important to apply the insecticide 
before the insects have an opportunity to cause damage. 
The frequency of insecticide application is directly 
related to the reduction in damage (Overhulser et al. 
1986). Although trapping can be used to monitor 
population levels in the nursery, its usefulness as an aid 
in determining when to begin spraying is limited. This 
is because these insects need only a short time to enter 
an unprotected nursery and cause a substantial amount 
of injury. Therefore, to minimize the occurrence of 
multiple leaders, prophylactic applications on a weekly 
(Bryan 1989) or bi-weekly (Overhulser et al. 1986; Ray 
and Vanner 1988) basis may be required in regions 
where warm temperatures promote chemical degrada- 
tion. For best results, applications should be made 
during the early morning when the insects are the least 
active. 

Field performance 
There is general disagreement regarding the long-term 
growth effects of outplanting seedlings with multiple 
leaders. Due to governmental regulations, some say 
that presence of multiple leaders is unacceptable 
(Holopainen 1986). There is concem (whether justified 
or not) that height growth of outplanted seedlings would 
be reduced. Seedlings with single leaders might be 
better suited to outgrow competing weeds (Rikala 1985; 
Holopainen 1990b). 

On the other hand there are data to show that, 
independent of differences in initial seedling size, mul- 
tiple-leadering has no effect on subsequent field growth 
(Burdon andBannister 1973; Minko 1974; Gross 1985; 
Kaunisto andKinnunen 1985). Apparently, theconcem 
is mostly with visual appearance instead of documented 
reductions in field performance. 

Conclusions 
Although Lygus bugs have been known to cause injury 
to tree seedlings for more than 70 years, they were not 
considered a major pest in conifer nurseries until after 
the 1980s, when they rose quickly from a level of 
obscurity to the status of a major pest. The frequency of 
reported injury has increased greatly since the decline in 
use of mineral spirits. 
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Abstract 
A prototype expert system for diagnosing nursery disease, insect and environmental problems was described. The 
system was developed using the rule-based expert system shell EXSYS. The system was demonstrated in relation 
to the disease Sirococcus blight, and lessons leamed from the prototyping experience were discussed. 

Resume 
Cet article dtcrit un prototype de systkme expert mis au point pour le diagnostic des maladies, des insectes et des 
problbmes environnementaux qui se manifestent dans les ptpinibres. Ce systkme est bas6 sur le systkme essentiel 
ii base de rbgles EXSYS. I1 a CtC exptrimentC avec la brQlure Sirococcus, et les leGons tirtes de l'experience de 
prototypage sont passCes en revue. 

Introduction 
An expert system is a computer program that behaves 
like an expert in some domain of application. The 
program can advise on selection among choices, and 
can explain its reasons for a particular choice. The 
reasoning should mimic the expert's reasoning process. 
When information is requested from the user, the sys- 
tem can explain why this information is necessary. 

Expert systems are generally composed of three 
main parts: a knowledge base, an inference mechanism, 
and a user interface. An expert system shell is a special 
type of program which facilitates construction of expert 
systems by providing a domain-independent knowl- 
edge base structure, an inference mechanism, and a user 
interface. 

Using an expert system shell, EXSYS (EXSYS Inc., 
P.O. Box 11247, Albuquerque NM 87192), we have 
developed a prototype expert system for diagnosing 
environmental, insect and disease problems in British 
Columbia nurseries. A prototype is a preliminary ver- 
sion of a system developed to identify the characteris- 
tics that an operational system should have to be useful. 
The system was based primarily on information con- 
tained in a manual (Sutherland et al. 1989). Features of 
the system, and of expert systems in general, were 
illustrated by following through a consultation, giving 
answers appropriate to Sirococcus blight. 

The consultation 
After working through some initial information screens, 
the user is presented with a question: 

THE LOCATION OF THE NURSERY IS 
1 COASTAL 
2 INTERIOR 
3 TRANSITION 

This question reflects the way in which the expert 
system shell represents knowledge, in the form of if- 
then-else rules. For example, the first rule in the system 
is 
RULE NUMBER 1 : 
IF: 

The location of the nursery is coastal 
and the nursery type is bareroot 
THEN: 

Colletotrichum blight (C.  acutatum) - Probability=O/lO 

Probabihty=O/lO 
and Colletotrichum blight (C. gloeosporioides) - 

and Needle dieback (Pythzum spp.) - Probability=O/lO 
and Gray mould (Botrytis cinerea) - Probability=2/10 
and Phoma blight (Phoma spp.) - Probability=8/10 

etc. 
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There is no ELSE section to this rule. The LF part of the 
rule is made up of conditions, which in tum are in two 
parts. The first part is the qualifier, which is the part of 
the condition up to the verb, and the second part is one 
or more values. When the shell, EXSYS, tries to evalu- 
ate if a condition in a rule is true, it first checks to see if 
a value has already been attached to the qualifier, then 
it checks if the value can be established through appli- 
cation of other rules in the system, and finally, if it 
cannot obtain the information in any other way, it asks 
a question in the form of the qualifier verb phrase 
followed by the possible values which can be attached 
to that phrase. Each value has a number associated with 
it and the user can enter one or more of these numbers, 
as appropriate, to define the conditions of the consulta- 
tion. 

If all the conditions of the rule are found to be true, 
the THEN part of the rule is implemented. This entails 
assigning confidence values for some or all of the 
possible choices considered in the system (diseases, 
insects, or environmental problems in this case). If one 
or more conditions in the rule are false, the ELSE part of 
the rule, if present, would be implemented. 

The set of rules in the system forms the knowledge 
base, the question format provided by the shell is the 
user interface, and the way in which information is first 
sought by chaining through other rules, plus the manner 
in which confidence limits are assigned and processed, 
is the inference engine. In the EXSYS system, a confi- 
dence value (termed probability) of 0/10 excludes that 
choice, regardless of any other considerations, while a 
confidence value of 10/10 fixes that choice. The final 
average score for each choice is used by the system to 
rank the choices. 

Scores depend on whether the system is built from 
the point of view of the problem or from that of the host 
trees, the expert, or the nurseryman. The present system 
was developed from aproblem (primarily disease) view- 
point. 

The user may enter “WHY” instead of a number to 
select a value. This is used to determine the reason for 
the question, and is answered by displaying the rule 
from which the question is asked. The rule may have 
additional notes and reference sections to assist the user, 
as well as other help facilities. 

The expert system is set up as if an expert were 
consulted by phone by a nurseryman with samples in 
hand. The expert’s reasoning is mimiced as far as pos- 
sible by having a question sequence that reflects that of 
the expert, who generally starts a consultation by find- 
ing out about the nursery setting and host material. 

It was assumed that there is a single cause (environ- 
mental, disease, or insects) for all observed symptoms, 
except that some secondary agents are possible after 

environmental damage. This situation may be compared 
with other diagnostic situations with fewer causalagents 
but where multiple problems may occur at one time 
(Thomson and Taylor 1990). 

The question sequence works through the descrip- 
tion of the nursery setting then identifies any insects or 
mites feeding on the plants. It then evaluates the possi- 
bility of environmental damage, based primarily on the 
pattem of symptoms on the plants and within the nurs- 
ery, as well as the rate of symptom development. Ques- 
tions are then asked to evaluate the possibility of con- 
sumption by insects not currently on the plant, and 
finally diseases are diagnosed. 

Questions may include the possibility that a value is 
“unknown”, and still be able to rank possibilities based 
only on the partial information available. The system 
was also designed to take account of the fact that 
nurserymen may never answer anything but “good” to 
questions regarding the quality of various cultural prac- 
tices. 

In the prototype system, rules were often structured 
in a manner that reflected the expert’s concepts and 
language, but which allowed the information to be 
encoded rapidly, but which resulted in complex ques- 
tions. In an operational system, such rules would be 
modified to infer the complex information from simpler 
concepts and language more appropriate to nurserymen. 

Discussion 
The system has performed well in the tests which we 
have provided, as indicated by the correct diagnosis of 
Sirococcus in the example worked through. The EXSYS 
shell allowed rapidprototyping, giving accurate diagno- 
sis in tests, but the expert’s reasoning and explanation 
ability were not easily represented to any great extent. It 
was not easy to generate a list of typical symptoms of the 
primary hypothesis which were absent, or to determine 
if any unexpected symptoms were present. Such fea- 
tures were present in an earlier and more complex 
PROLOG-based system (Thomson and Taylor 1990), 
which also included advice in the form of a letter written 
in full by the system (Figure 1). 
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12/3/1990 
Mr. P. Norman, 
ForCon Ltd., 
20 Terrace Rd., 
Edinburgh, 
EH14 2GD 

Dear M r .  Norman : 
Processing of the data collected on 23l11l88 from Compartment 120,134 of Torrance Forest at 

Pennicuik, Lothian has been completed. Our interpretation of the information, and our recommenda- 
tions regarding treatment, are as follows. 

The foliar analysis indicated developing nitrogen deficiency, developing phosphorus deficiency, and 
developing potassium deficiency. Past fertiliser applications may not have been carried out correctly, 
as the foliar analysis now indicates a nutrient deficiency earlier than anticipated from applications of 
this type. The symptoms poor height growth, most needles yellow, and loss of old needles are not the 
result of N,P or K deficiency. 

Nitrogen deficiency on this type of site is caused by a combination of heather competition and low 
rates of nitrogen mineralisation. Herbicide application to remove heather should result in improved 
growth, but later applications of nitrogen at 150 kg Nlha will be required to ensure complete canopy 
closure. Application ofpotassium at 100 kg Klha together with phosphate at 60 kg Plha is also required. 
Crown closure will probably occur before additional P and K is required. The trees are small enough 
that fertiliser application by hand is possible. Iffertiliser is applied by hand, ensure that it is not placed 
too close to the boles of the trees, as this may have adverse effects. An on-site visit should be arranged 
to clarify some aspects of this case. I f  you have any questions regarding the above interpretation and 
recommendations, please feel free to contact me. 

Yours sincerely, 
Alan J .  Thomson 

Figure 1. Example of a letter produced by an expert system for diagnosis and treatment of nutrient deficiencies in response to a hypothetical 
consultation. 

The prototyping experience was valuable in quickly a diagnosis was tentative (as from an expert system) or 
and easily determining the characteristics required for confirmed (as from a diagnostic laboratory). In addi- 
an operational system. A knowledge representation tion, many problems are more easily prevented than 
protocol for diseases is necessary to capture the manner . treated. A critiquing system (Miller 1986) could be 
in which the temporal progression of signs and symp- developed to evaluate nursery plans and advise on 
toms interacts with various indices of of severity. A combinations of practices that might induce problems. 
treatment advisory system would be based on whether 
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Abstract 
Control of Pythium spp., Fusarium oxysporum, and Rhizoctonia solani on bareroot nursery seedlings was studied 
using a minimum number of chemical applications. The trial included seed dressing with mancozeb or no dressing 
and a treatment in the post-emergence period with mancozeb, benomyl or mancozeb+metalaxyl. Post-emergence 
applications were ineffective, whereas seed dressing resulted in efficient control of F .  oxysporum only; this was 
sufficient to increase survival of seedlings. 

Resume 
Cette Ctude conceme les mCthodes de lutte ( B  base de certains produits chimiques) contre Pythium sp., Fusarium 
oxysporum et Rhizoctonia solani des semis de ptpinibres B racines nues. Mtthodes CtudiCes : enrobage avec 
mancozkbe, aucun enrobage et un traitement de postlevke avec mancozbbe, bCnomyl ou mancozbbe + mCtalaxy1. 
Les applications en postlevCe se sont rCvtlCes inefficaces, mais le traitement par enrobage des semis a donnC des 
rksultats concluants dans le cas de F .  oxysporum, sans pourtant se traduire par une augmentation du taux de survie 
des semis. 

Introduction 
In Italy, most conifer seedlings are grown in bareroot 
nurseries; consequently, they may encounter soil-bome 
pathogens (Bonifacio and Marinari, 1969; Frisullo et al. 
1984; Magnani 1972). To avoid damage to the natural 
biological balance in the soil, particularly to mycorrhi- 
zal fungi, forest nurseries do not normally use soil 
sterilants or early chemical treatments. Consequently, 
damping-off is always severe; this has sometimes been 
regarded as unavoidable. In order to obtain a sufficient 
number of surviving seedlings seedbeds have often 
been oversown. However, this causes damping-off to 
be more severe (Hartley 1921) and lowers seedling 
quality (Bloomberg 1985; Foster 1959; Gibson 1979). 

In 1988, a preliminary study was started in a 12-ha 
bareroot, forest nursery in central Italy where several 
species of conifer seeds are sown in the spring. These 
preliminary results indicated that Pinus nigra Arnold 
was the most susceptible species to damping-off (Fig- 
ure 1). Thus, P. nigra was used in a trial to determine 
the best schedule for disease control and with minimum 
application of chemicals. To understand the etiology 
and development of damping-off another concurrent 
study was made on pathogenic mycoflora in seedbeds. 

Materials and methods 
The research was done at the Pieve S. Stefan0 nursery. 
At the end of May 1989, P. nigra was sown by distrib- 
uting 85 g of seed in five rows in plots 1 m wide, 
accordfng to a two-factor randomized complete block 
design (four replications) with two seed treatments 
(dressing and no dressing) and three different chemicals 
used in one post-emergence application (1 2 days after 
the sowing, at germinant emergence) and an untreated 
control. Active ingredients and application rates of the 
treatments are given in Table 1. During the study, air 
temperature was recorded and chemical and physical 
analyses of seedbed soil were also made. 

Inoculum density 
To quantify inoculum densities of Pythium spp., 
Fusarium oxysporum Schlecht., and Rhizoctonia solani 
Kiihn, seven replicate soil samples were collected be- 
fore sowing, air dried, passed through a 2-mm sieve, 
then kept cool in unsealed containers. 

The methods of Ricci et al. (1976) and Komada 
(1975) were used for inoculum density determinations 
of Pythium spp. and F .  oxysporum, respectively. In the 
case of R .  solani, a method was developed, using the 
medium proposed by KO and Hora (1971). For each 

229 



100 - 

80 - 

60 - 

40 

20 

0 

X of t o t a l  damping off 

X of damping off caused by Pythium spp 

a X of damping off caused by Fusarium oxysporum 

X of damping off caused by Rhizoctonia solani 

Figure 1. Damping-off of conifers in an Italian nursery (1988). 

sample, 10 g of soil was analyzed. Two hundred pellets 
were formed by pressing a corkborer into a solidified 
mixture of soil and melted, 2% water agar. Ten pellets 
were placed in each dish of selective medium and 
incubated 24 hours in the dark at 28°C. Rhizoctonia 
solani mycelium was identified by looking at the mar- 
gin of the pellets with a light microscope (Figure 2). 

Damping-off 

individual segments of rows of seedlings werechosen at 
random in each of the 32 plots. Within each section the 
seedlings were counted and the dead ones were re- 
moved. To isolate the pathogens from the dead seed- 
lings, stem tissues near the root collar were disinfected 
with 30% hydrogen peroxide (10 seconds), rinsed three 
times in sterile distilled water, and incubated on malt 
agar (1% + 0.5 gfl citric acid) in the dark at 2OOC. 

At the end of June, when damping-off had ceased, 
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Table 1. Effectiveness of fungicides for damping-off control caused by Pythium spp., Fusarium oxysporum and 
Rhizoctonia solani 

Treatment 
Pathogens 

Seed Post-emergence application (%) 
dressing 

Surviving (mancozeb Active Dose Pythium Fusarium Rhizoctonia 
4.3 g/kg) ingredient ( g i w  SPP. oxysporum solani seedlings 

(%I 
Yes 
Yes 
Yes 

Yes 
No 
No 
No 

No 

Mancozeb 
Benomyl 
Mancozeb 
+metalax yl 

Mancozeb 
Benomyl 
Mancozeb 
+metalax yl 

800 9.4 a 
250 1.2 a 

800+ 100 0.4 a 
Oa 

800 1.9 a 
250 Oa 

800+ 100 2.1 a 
3.4 a 

12.9 a 
5.2 a 

4.5 a 
6.5 a 
22.5 b 
32.9 b 

22.4 b 
25.4 b 

50.0 a 
84.8 a 

87.8 a 
90.6 a 
74.2 a 
77.3 a 

71.8 a 
73.0 a 

Percentages in the same column followed by the same letter are not significantly different (P = 0 01). 

Results 
The soil at the nursery has a high pH (8.5) and a very 
large fraction (40%) of soil particles with diameter 
above 2 mm. Maximum and minimum daily tempera- 
tures during germination and emergence are presented 
in Figure 3. 

Inoculum density 

The numbers of propagules in a gram of soil were 
1430k230 for F.  oxysporum, 360_+60 for Pythium spp., 
and 0.67k0.16 for R. solani. 

On Komada’s medium some other fungi were iden- 
tified as: F.  solani (Mart.) Sacc., F.  moniliforme Sheld. 
var. subglutinans Wollenw. et Reink., F .  culmorum 
(W.G. Smith) Sacc., and Cylindrocarpon spp. 

Identification of R. solani was verified as follows: 
many colonies with typical hyphae grown on selective 
medium were transferred to potato dextrose agar and 
water agar and tested for nuclear condition with the 
Giemsa staining method (Herr 1979) (Figure 4). 

Damping-off 

Incidence of each pathogen and percentage of surviving 
plants in the different treatments are shown in Table 1. 
Among the pathogens obtained from seedlings, R. solani 
was the most prevalent (50.0:90.6%), F.  oxysporum 
was also common (4.5-32.9%), and Pythium spp. ap- 
peared only sporadically (0-9.4%). 

52 a 
56 a 

57 a 
58 a 
35 b 
34 b 

38 b 
38 b 

Figure 2. Rhizoctonia solani hyphae growing from a soil pellet on a 
selective medium. 
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Figure 4. Multinucleate cell of Rhizoctol/ia solal/i (Giemsa staining method).

Figure 3. Maximum and minimum air temperatures (DC) during 19 9.

cantly controlled by seed treatment (4.5-12.9%) versus
22.4-32.9% incidence in control plot .

Alkaline soil (Weinhold 1977;Pullmanetaf. 1981;
Schlubetal.1981) favorPythiumspp.andR.sofaniand
thi could account for the high incidence of these fungi
at the Stefano nursery. Conversely, the high pH is likely
re pon ible for the low incidence of F. oxysporum.
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The analysis of variance of the randomized block
indicated ahighly ignificant (P=O.O1) difference anlOng
seedling survival between plots with dressed seed (52
58%) and control (34-38%) plot. However, ~ubse

quent treatment with mancozeb, benomyl or
mancozeb+metalaxyl produced no beneficial effect.
Among the pathogens, only F. oxysporum wa ignifi-
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Discussion and conclusions 
The high inoculum densities, the late sowing date caused 
by the rainy spring, and the consequent high tempera- 
tures during germinant emergence (maximum daily 
temperature was always greater than 22°C) probably 
accounted for the progression of damping-off in 1989 
(Roth and Riker 1943; Perrin and Sampangi 1986). 
Under such conditions, which are common in central 
Italy, mancozeb seed dressing was effective against F.  
oxysporum. Control of this pathogen increased seed- 
ling survival, even though two other damping-off patho- 
gens (R.  solani and Pythium spp.) were not significantly 
controlled. 

These results suggest a need for further research to 
obtain complete protection of seedlings. Post-emer- 
gence treatments are not needed as they are ineffective. 
Other fungicides will be tested in order to find the more 
effective chemicals for use against specific damping- 
off pathogens in our nurseries. 
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Abstract 
A new method for controling seed-borne and soil-bome fungal pathogens in seedbeds of Norway spruce and Scots 
pine was developed. For toxicological reasons the old seed dressing compound had to be replaced. New fungicides 
were screened in seed germination assays to determine whether they had any detrimental effects on seed 
germination. Two fungicides, Aliette (phosethyl aluminium) and Baycor 25 WP (bitertanol), that performed well 
in the seed germination assays were tested in small-scale field experiments. Baycor 25 WP was then tested in large- 
scale field experiments. 

Resume 
Une nouvelle mtthode de prtvention de la transmission de maladies fongiques par les semences ou par le sol dans 
les semis d’bpinette de Norvkge et de pin Ccossais a CtC mise au point. Pour des raisons de toxicitt, l’ancien produit 
de dksinfection de semences a dG &tre remplact. Les nouveaux fongicides proposCs ont t t t  soumis 21 des essais pour 
vtrifier s’ils pouvaient nuire B la germination. Deux des produits proposCs, les fongicides Aliette (aluminium 
phostthyl) et Baycor 25 WP (bitertanol), ont donnC des rtsultats concluants et ont t t t  mis B l’essai dans des projets 
exptrimentaux ?I petite Cchelle, a la suite de quoi le fongicide Baycor 25 WP a Ctt mis ii l’essai B grande Cchelle. 

Description of the problem 
In Sweden about 100 million bareroot seedlings are 
produced each year. Most of these seedlings are 
outplanted in the forest at 3 or 4 years of age. Norway 
spruce (Picea abies (L.) Karst.) and Scots pine (Pinus 
sylvestris L.) are the main species cultivated. 

During the first growing season, seeds and seedlings 
can be affected by fungal diseases, which can consider- 
ably reduce the yield (measured as the percentage of the 
germinable seeds that results in healthy seedlings) and 
growth (measured as seedling length). This early fungal 
damage is caused by seed-bome or soil-bome patho- 
gens. Although Fusarium is the genus most often caus- 
ing damage, Phytophthora, Pythium and Rhizoctonia 
are also isolated occasionally from infected seedlings. 
All these pathogens can be soil-borne; in addition, 
Fusarium and Rhizoctonia can be seed-borne. 

The type of damage varies, depending on whether 
the pathogen is seed-bome or soil-borne and on the 
developmental stage initially attacked. For a given 
seedling development stage and infection court, how- 
ever, symptoms are similar regardless of the fungal 
genus. 

Attack before or during germination leads to a 
failure in seedling development. Attack by soil-bome 
pathogens at the cotyledon stage leads to typical symp- 

toms of “damping off’ (wilting at the root collar), 
whereas if the pathogen is seed-bome, the attack starts 
in the cotyledons and proceeds downwards. Infection 
after the cotyledon stage leads to “root dieback” (root 
rot). 

In Sweden, this pathogen group traditionally has 
been controlled by dressing the seed with a broad- 
spectrum fungicide, which also functions as a bird 
repellent. In addition, a fungicide is sometimes sprayed 
a few weeks after seeding. The compound “Fusarin”, 
which has been used in recent years, however, was 
withdrawn from the market during the mid-1980s be- 
cause it was found to be toxic to nontarget organisms. 

Planning the screening program 
A screening program was started with the aim of finding 
altemative compounds to be used primarily for seed 
dressing and secondarily for spraying. To be chosen for 
the screening program a compound had to: 

1) have low human toxicity (supported by compre- 
hensive documentation), 

2) provide effective protection against the most 
commonly occurring pathogens, and 

3) not adversely affect seed germination and seed- 
ling development. 
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A study of both published and unpublished material 
was made on a large number of compounds to learn as 
much as possible about their toxicity to humans and 
about their fungicidal properties. A number of these 
compounds were then selected to study their effects on 
seed germination and plant growth. It was assumed that 
all fungicides repel rodents and birds to some extent. 
Also, compounds with relatively weak repellent effects 
could be accepted, because treatment of seed with blue 
dye after dressing with the fungicide would pravide 
some protection against animals (unpublished data). 

It was considered important to find out whether the 
selected compounds had any severe side-effects on seed 
germination and seedling development. In practical and 
experimental work with seed dressing in agriculture it 
has been found that fungicidal dressings can reduce 
seed germinability (Lock et al. 1975). Furthermore, 
Benlate dressings have reportedly caused low seedling 
yields in a couple of forest nurseries. 

The screening program was conducted as follows: 
1. Seven compounds, selected in the literature study, 

were tested in vitro to determine their effects on 
seed germination. 

2. Each compound or combination of compounds 
that had no adverse effects on seed germination 
(step 1) was then tested further in carefully con- 
trolled field experiments. 

3. The compounds or the combination of compounds 
performing satisfactorily in step 2 was tested at 
one dosage in large-scale field experiments under 
practical conditions. 

In vitro test 
Based on information obtained in the literature study, a 
number of fungicidal compounds were selected for an 
in vitro test. The compounds were: 

Trade name 
Aliette 
Antivermin 
Baycor 300 EC 
Baycor 25 WP 
Benlate 
Carsan 
Fusarin 

Sibutol FS 

Tecto Flytande 

Active ingredient 
phosethyl-aluminium 800 g/k 
lime sulphur 270 g total-S/l 
bitertanol300 g/l 
bitertanol250 g/kg 
benomyl 500 g/kg 
copper oxychloride 880 g/kg 
thiram 640 g/kg, oxincopper 
100 g/kg, captan 50 g/kg 
bitertanol375 g/l, 
fuberidazole 23 g/l 
thiabendazole 450 g/l 

Fusarin (the most commonly used seed dressing 
compound in the past) and Benlate (known to inhibit 
gemination) were included as references. 

Germination analyses were made on several seed 
lots of Picea abies and Pinus sylvestris. The tests were 
carried out as assays in 10-cm glass petri dishes, where 
dressed seeds were placed on 9-cm filter paper moist- 
ened with deionized water. For each seed lot tested, 
three doses of each fungicide and an untreated control 
were used. The seed (50 per dish) was spread out in the 
dishes, which were then placed in climate chambers. 
Germination ratios were determined after 7, 14 and 21 
days. 

The method turned out to be very sensitive. Germi- 
nation was inhibited to different degrees by the various 
compounds, and the degree of inhibition was strongly 
dose dependent. The mean germination time was also 
increased, indicating that the dressing treatment ad- 
versely affected seed vitality. In most casesgermination 
was reduced at dosages of 4 g fungicidekg seed. At 30 
g/kg inhibition was often very strong (belaw 15% 
germination for several compounds), and at 120 g/kg 
seed, inhibition was even more pronounc 
for two compounds). 

Based on an analysis of the results, including all 
doses and seed lots, it was concluded that Antivermin 
was the least inhibitory compound, followed, in order of 
their increasing inhibitory effect, by Baycor 25 WP, 
Aliette, Carsan, Fusarin, Benlate, Tecto Flytande, Sibutol 
FS and Baycor 300 EC. 

Carsan caused moderate inhibition of germination; 
however, at the highest doses the germ tips frequently 
became discoloured. No visible defects were noted on 
seedlings that developed from seed treated with the 
other fungicides. 

The degree to which germination was inhibited 
depended partly on the formulation of the compound 
and partly on the active ingredients present. Formula- 
tions with organic solvents or surfactants caused very 
severe inhibition. For example, the benzimidazole group 
(benomyl, fuberidazol and thiabendazol) has consider- 
able phytotoxicity (see Galaaen and Venn 1979). 

Small-scale field experiments 
Based on their performance in the in vitro test, Aliette 
and Baycor 25 WP were selected for further testing in 
the field experiments. According to the literature data 
these compounds offer good protection against two 
important pathogens, namely Phytophthora (Aliette) 
and Fusarium (Baycor 25 WP). A combination of these 
compounds was therefore tested as a dressing at three 
doses, using untreated seed and Fusarin-treated seed as 
references. Although Antivermin showed the lowest 
phytotoxicity, its fungitoxicity is reportedly low; there- 
fore it was not selected for further testing. 
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In addition, spraying with Baycor 25 WP at doses of 
0.5 and 1 .0 kgha  was combined with the seed dressing 
treatment at each of the dosages using untreated seed- 
lings as control. Spraying was carried out either directly 
after seeding (as an alternative to seed dressing) or four 
weeks afterwards. 

No negative effects on seed germination or seedling 
development were observed after seed dressing with a 
combination of Aliette and Baycor 25 WP in the field 
experiment. Even at the highest dose (20 + 20 g/kg 
seed), there was no sign of inhibited germination or 
development. 

Although no signs of visible fungal infection were 
observed in the field experiment, the seedling yield was 
somewhat higher in treatments with dressed seed than 
in treatments with undressed seed. Spraying alone 
resulted in a slightly higher yield compared with that 
obtained with untreated seed. Spraying with Baycor 25 
WP (0.5 kg/ha) in additon to seed dressing gave a better 
result than seed dressing alone. 

Large-scale field experiments 
Large-scale field experiments were then made at two 
nurseries, based on the results described above. Be- 
cause both nurseries considered Fusarium to be the 
major fungal threat in seedbeds, Baycor was tested for 

seed protection, but not Aliette. Dressing with Baycor 
25 WP at a rate of 15-2 1 g/kg seed was compared with 
the conventional method of seed dressing with Fusarin. 
In three out of four cases seed dressing with Baycor 25 
WP resulted in a better seedling yield in seedbeds than 
seed dressing with Fusarin. 

Discussion 
Seed dressing compounds can be effectively ranked 
with respect to their germination inhibiting properties 
by testing them in vitro in germination analyses. The 
adverse effect of the fungicides on germination seemed 
to be less under field conditions than in vitro. Strongly 
inhibiting compounds probably have detrimental ef- 
fects regardless of seed quality, whereas moderately 
inhibiting compounds may only pose a problem when 
weak seed lots are used, especially those with pro- 
nounced seed coat damage. 

When studying soil-borne pathogens in Swedish 
nurseries it is very difficult to be sure that the infection 
pressure is high and evenly distributed. However, infor- 
mation from the literature on the effects of fungicides on 
pathogens together with data on phytotoxic effects on 
conifer seedlings appear to provide a good base for the 
selection of seed dressing compounds. 
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Abstract 
Ectomycorrhizae (Laccaria bicolor and Hebeloma crustuliniforme) reduced root damage by Rhizoctonia sp. on 10- 
week-old Scots pine (Pinus sylvestris) seedlings. Suillus bovinus, which failed to form mycorrhizae, had no 
protective effect. Rhizoctonia caused more damage to long-root tips than to short-root tips, even when mycorrhizae 
did not form on the latter. Laccaria bicolor mycorrhizae partly restored photosynthesis in Rhizoctonia-infected 
seedlings. Disease reduction also occurred when lime was applied to sphagnum peat. 

Resume 
Les champignons ectomycorhiziens Laccaria bicolor et Hebeloma crustuliniforme ont rCduit les dommages 
racinaires caus6s par Rhizoctonia sp. B des semis de pin sylvestre (Pinus sylvestris). Suillus bovinus, qui n’a pas 
form6 de mycorhize, n’assure pas de protection. Rhizoctonia a cause plus de dommages aux extrkmitts des racines 
longues qu’aux extrCmitCs des racines courtes, m&me lorsqu’il ne s’est pas form6 de mycorhizes sur ces dernibres. 
Le mycorhize L. bicolor a r6tabli partiellement la photosynthbse dans les semis infect& par Rhizoctonia. On a 
tgalement obtenu une reduction de l’importance de la maladie par l’application de chaux sur de la tourbe de mousse, 

Introduction 
Fine roots of coniferous seedlings are susceptible to 
many root-damaging fungi, particularly when roots are 
stressed (Unestam et al. 1989). Besides fungicides, 
ectomycorrhizal fungi can protect seedlings from root 
pathogens (e.g., Sampangi etal. 1986; Chakravarty and 
Unestam 1987). 

Although the relationship between mycorrhizae and 
various pathogens have been investigated for many 
years, few studies have dealt with nonsterile, relatively 
well defined soil systems. In one such study, Marx 
(1973) noted that Phytophthora cinnamomi did not 
suppress growth of Pinus echinata seedlings with 
Pisolithus tinctorius mycorrhizae. Sinclair et al. (1982) 
showed that Laccaria laccata mitigated Fusarium 
oxysporum damage on Pseudotsuga menziesii roots. 
The protective effect of L. laccata occurred even before 
mycorrhizal colonization took place. Mycorrhizal fungi 
can also counteract the influence of certain factors 
predisposing seedlings to fungal attack (Chakravarty 
and Unestam 1987). 

Many mechanisms presumably contribute to the 
ability of mycorrhizae to prevent disease (Marx 1972; 
Sylvia and Sinclair 1983; Duchesne et al. 1989; 

Malajczuk 1984). They may function simultaneously, 
or one or two may dominate, depending on conditions 
at the time. 

Materials and methods 
Mycorrhizal inoculum 
The mycorrhizal fungi used were Laccaria bicolor 
(isolate S-238a), Hebeloma crustuliniforme (isolate siv) 
andSuillus bovinus (isolate 85b). For inoculum produc- 
tion, 100 mL of water-washed, 3-mm-diameter brick 
pellets were soaked in MMN-medium (Marx 1969) in a 
300-mL E-flask for 10 minutes, then the surplus me- 
dium was poured off. The pellets were autoclaved for 
40 minutes and mycelial suspensions were used for 
inoculation. The mycorrhizal inoculum was incubated 
for about 6 weeks at 2OOC. Just before use the inoculum 
was soaked in cold water for 1 h. 

Pathogen inoculum 
The pathogen used in the experiments was a species of 
Rhizoctonia(isolate83-11 l/lN, suppliedby KAreVenn, 
As, Norway). It was inoculated and cultured as for the 
mycorrhizal fungi, except that the incubation period 
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was 14 days. Before use, inoculum was soaked in cold 
tap water for 1 h. 

ss 

0 

Experimental design 
Scots pine (Pinus sylvestris L.) seeds were surface 
sterilized for 15 minutes in 35% H 0 and then washed 
three times with sterile water. They were germinated on 
water agar for 6 days to detect seed-borne fungi. 
Germinants were transplanted into a substrate of 3-mm 
brick pellets and peat moss (2/1; v/v) in 20x30 cm 
plastic mini-greenhouses (Stewart Propagator). Each 
propagator contained 30 germinants. Half of the propa- 
gators were inoculated with mycorrhizal fungi at plant- 
ing. About 1 mL of mycorrhizal inoculum was placed 
along the rootlets of the small seedlings. The propaga- 
tors were kept in a growth chamber (18OC, 24 h day 
light, and ca 200 p Em-2 s-') for 10 weeks. At that time 
100% of the short roots were colonized by L. bicolor 
and H .  crustuliniforme, while no roots were colonized 
by S .  bovinus. 

When the seedlings were 10 weeks old they were 
replanted into 100-mL pots containing the brick pellet- 
peat mixture medium (as before) into which a defined 
amount of Rhizoctonia inoculum was mixed. Inocu- 
lated seedlings were incubated for 14 days after which 
healthy (white) and diseased (brown) long- and short- 
root tips were counted using a dissecting microscope. 

h o n e  experiment, protection provided by S. bovinus, 
H.  crustuliniforme and L. bicolor was evaluated. To 
improve mycorrhizal colonization by S. bovinus, seed- 
lings were reinoculated by dipping their roots in a 

2 2  

- o Suillus bovinus 
- 0 Hebeloma crustuliniforme 

Laccaria bicolor 
- 

I I  I I  I I I I  

loo I 

concentrated mycelial suspension 10 days before the 
experiments started. Thus, at the start of the experi- 
ment,,% bovinus had colonized 2 to 3% of the uppermost 
short roots, while at the end of the experiment about 4% 
of these roots were colonized. 

In a second experiment, the photosynthetic capacity 
of diseased and healthy plants with L. bicolor mycor- 
rhiza was compared with that of control seedlings. 
Photosynthetic measurements were made with a por- 
table IRGA and humidity sensor system (ADC, U.K.). 
Also, damage caused by Rhizoctonia to seedling roots 
and the degree of mycorrhizal protection were mea- 
sured in two substrates. The limed sphagnum peat (pH 
5.5)  normally used in the growing medium was replaced 
by an unlimed natural sphagnum peat (pH 4.7) to lower 
the pH of the growing medium. 

Results and discussion 
Root-tip counts (Figure 1) showed that severity of root 
damage was positively related to the initial inoculum 
density of Rhizoctonia and that much more injury 
occurred on vigorously growing long-root tips than on 
short-roots, regardless of mycorrhiza formation on the 
latter. The figure also shows that well developed 
mycorrhizae can protect roots from Rhizoctonia sp. 
This applies to mycorrhizal short roots and, to a lesser 
extent, to non-mycorrhizal long roots. However, most 
of the main long roots of seedlings were killed even on 
mycorrhizal plants, but these had a greater capacity to 
form new tap roots which remained healthy. 

0 Non-mycorrhizal control 
0 Suillus bovinus 
0 Hebeloma crustuliniforme 

Laccaria bicolor 

I I I I I I I I I I  

0 10 20 
% Rhizoctonia-infected substrate 

Figure 1. Percentage of healthy long-root and short-root tips of Pinus sylvestris seedlings inoculated with one of three mycorrhizal fungi after 
treatment with one of two concentrations of Rhizoctonia inoculum. Suillus bovinus failed to form mycorrhizae. 
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Percelllags of healthy short-root tips 

Limed peat (pH=5.5) 

loo r 
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non- 
mycorrhizal mycorrhizal 

seedlings seedlings 

Photosynthesis rate 

Limed peat (pH=5.5) 

'r 

Non-limed peat (pH=4.7) 

loo r 
t 

non- 
mycorrhizal mycorrhizal 

seedlings seedlings 

Non-limed peat (pH=4.7) 
7 -  

non- 
mycorrhizal mycorrhizal 

seedlings seedlings 

'I 

0 L 
non- 

mycorrhizal mycorrhizal 
seedlings seedlings 

Rhizoctomia- infected Non-infected control 

Figure 2. Effect ofLaccaria mycorrhizae on the proportion of healthy short roots and the photosynthetic rate off'inussylvestris seedlings infected 
with Rhizoctonia sp. Twenty percent of the root substrate (brick pellets sphagnum peat 3: 1 (v:v)) of Rhizoctonia-inoculated seedlings consisted 
of infected brick pellets. Disease severity was evaluated in a limed (pH=5.5) and an unlimed (pH=4.7) sphagnum peat. 
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Laccaria bicolor and H. crustuliniforme were equally 
effective in protecting roots, whereas roots with S. 
bovinus (a poor mycorrhizal former) were damaged 
about as much as control roots. The few S. bovinus- 
mycorrhizal short roots were healthy, whereas most 
non-mycorrhizal roots on the seedlings were as dis- 
eased as control roots. Thus, seedlings with S. bovinus 
mycorrhizae appeared not to have developed any im- 
munity even though they had close physical contact 
with the fungus mycelium shortly before Rhizoctonia 
was added. 

The fact that Rhizoctonia damage was more severe 
on long-roots than on short-roots could have been due 
to the elongation zone on long-roots being much more 
extended, so that this zone had an incompletely formed 
endodermis. On roots where the endodermis was com- 
plete, the cortex was killed but the stele mostly re- 
mained intact. The short elongation zone of the short- 
roots may also function as an entrance point to the stele 
by a pathogen, but on mycorrhizal roots no such en- 
trance point exists. Parts of the root system with intact 
stele easily regained new root growth. 

In in vitro tests neither 15. bicolor nor H. 
crustuliniforme mycelium prevented Cylindrocarpon 
destructans spore germination. However, both fungi 
afforded good protection to roots with mycorrhizae. 
Although the fungi were not antagonistic in vitro, they 
could be so in vivo (Duchesne et al. 1989). 

Laccaria bicolor mycorrhizae counteracted the sup- 
pression of photosynthetic capacity caused by Rhizocto- 
nia (Figure 2). The reduced photosynthesis might have 
been caused by the reducedcapacity of the few surviving 
roots to take up water, and the most seriously injured 
seedlings started to wilt 14 days after pathogen 
inoculation. In tum, the reduced photosynthetic ability 
of the Rhizoctonia-injured seedlings might be crucial for 
a seedling in which much of the root system has to be 
regenerated. Seedlings with severe root damage grow 
very slowly (Marx 1973; Sampangi et al. 1986). 

The substitution of the limed sphagnum peat sub- 
strate (pH 5.5)  for an unlimed one (pH 4.7) reduced root 
disease severity. Mycorrhizal, Rhizoctonia-infected 
seedlings grown in unlimed peat showed no reduction in 
photosynthesis. 
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Abstract 
Two techniques are described for determining the efficacy of fungicides against spores and mycelium. The test with 
spores was done by mixing a concentrated spore suspension with an equal volume of double strength fungicide, then 
5 pL. of this material was mixed into 12 mL of molten (49°C) potato-dextrose agar (PDA) and plated. In the second 
technique the test fungus was grown for 2-5 days on a thin film of PDA in a petri plate which was then flooded for 
various treatment times with a solution of the test fungicide. 

After the desired exposure time the cultures were rinsed three times with 10 mL of sterile water per plate after 
which small disks were cut from the test fungus. These were placed on PDA in petri plates and survival was 
determined after several days incubation. The technique was tested using spores and mycelium of Cylindrocladium 
scoparium and mycelium of Rhizoctonia solani, both of which rot Eucalyptus cuttings in Brazil. Spores and 
mycelium of Cylindrocladium were killed by a 3-minute exposure to 780 ppm (wt./vol.) chlorine. Cylindrocladium 
mycelium was killed by 120 ppm benomyl or 2100 ppm thiram after 2 minutes exposure and R. solani mycelium 
was killed after being exposed to 1200 ppm thiabendazole for 3 minutes. 

Resume 
Les auteurs dtcrivent deux techniques utilisCes pour dtteminer l’efficacitk des fongicides contre les spores et le 
myctlium. Dans le cas des spores, l’essai a CtC effectuk, dans un premier temps, en mClangeant un concentrC de 
spores en suspension et un volume Cgal de fongicide B double concentration; puis, dans un deuxikme temps, en 
ajoutant 5 pL de cette solution B 12 mL cubes d’agar B base de glucose de pomme de terre (PDA) en fusion (49 “C). 
Le tout a ensuite ttC dtpost sur une lamelle. La deuxikme technique a consist6 ?I faire cro?tre le champignon d’essai 
pendant 2 B 5 jours sur une mince pellicule de PDA dam une boite de PCtri qui a ensuite CtC submergCe dans une 
solution de fongicide d’essai pour des traitements de durtes variCes. 

Aprks le temps d’exposition voulu, chaque lamelle contenant les cultures a CtC rincte trois fois dans 10 mL cubes 
d’eau stkriliste. De petits disques ont ensuite CtC coupCs du champignon d’essai et placCs sur le PDA dans des boites 
de PCtri. La survie a CtC dCterminCe aprks plusieurs jours d’incubation. La technique a CtC expCrimentCe avec les 
spores et le mycklium de Cylindrocladium scoparium et le mycelium de Rhizoctonia solani, lesquels font tous deux 
pourrir les boutures d’Eucalyptus du BrCsil. Les spores et le mycClium de Cylindrocladium ont Ctt detruits aprks 
une exposition de 3 minutes 2 780 ppm (poids/vol.) de chlore. Le mycClium de Cylindrocladium a CtC dCtruit par 
120 ppm de bCnomyl ou 2100 ppm de thirame aprks 2 minutes d’exposition; le mycClium du R. solani a CtC dCtruit 
aprks avoir ttC expos6 pendant 3 minutes B 1200 ppm de thiabendazole. 

Introduction 
Most of the Eucalyptus species that are planted in Brazil 
are rooted from young cuttings from lateral shoots of 
clonal garden plants, potted seedlings, or sprouts from 
stumps in the field. Various pathogenic fungi are 
common in the litter and soil from these areas, e.g., 
Cylindrocladium scoparium and Rhizoctonia solani. 
Both pathogens may be disseminated by rain or irriga- 

tion water. Consequently, these pathogens are com- 
monly brought into greenhouses with soil or litter that 
adheres to cuttings. Besides routine procedures that are 
used to control rotting (e.g. use of pathogen-free soil 
and irrigation water) cuttings are immersed in sodium 
hypochlorite or benomyl solutions (Ferreira 1989; Batista 
et al. 1985). Until 1988 the cut ends of cuttings were 
dipped in these chemicals, but disease control was not 
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adequate. Since then new methods, fungicides, dos- 
ages, and immersion times have been tested for rot 
control. The purpose of this study was to investigate in 
vitro fungicide assays against conidia and mycelium of 
Cylindrocladium scoparium and Rhizoctonia solani, 
the causal agents of Eucalyptus cutting rot in Brazil. 

Materials and methods 
Experiments with Cylindrocladium scoparium 
spores 
Conidia of C. scoparium were obtained by placing 
inoculum plugs (from 12-day-old cultures on PDA) on 
autoclaved castor bean leaves. Leaves were incubated 
(5 to 8 days at 25"C, 12-h photoperiod) in petri plate 
bottoms covered with translucent glass trays. Moist 
paper towels in the trays maintained a high humidity. 
Affected leaf pieces were placed in a small amount of 
sterile water to obtain a concentrated spore suspension. 

Fungicide or chlorine solutions were prepared double 
strength and 0.2 mL of a solution was placed in a cavity 
of a porcelain spot-plate. The 0.2 mL spore suspension 
was then added to each fungicide solution and the two 
mixed. After the desired treatment time, 5 pL of the 
spores/fungicide mixture was removed and added to 12 
mL of molten PDA (about 49°C) in a test tube, diluting 
the fungicide 2400 X. The contents of the tube were 
shaken and poured into a petri plate. 

The fungicides and chlorine concentrations tested 
were (i) benomyl at 0, 30, 60, 120, 240 and 480 ppm 
(wt./vol.)for0,0.3,10or30minutes, (ii)captanatO, 12, 
and 120 ppm for 0,0.3,10 or 30 minutes or 1200,1600, 
2000 and 2400 ppm for 2 or 10 minutes, (iii) thiram at 
0,21 and 210 ppm for 0,0.3, 10 or 30 minutes or 2100, 
2500,2900 or 3300 ppm for 2 or 10 minutes, and (iv) 
chlorine at 0, 130,260 and 780 ppm for 0,0.5, 1, and 3 
minutes. The chlorine was commercial bleach while the 
fungicides were commercial formulations. Chlorine 
concentrations were determined by titration (Adad 1982). 
There were four replicates of each combination of 
treatment and exposure time. Cultures were incubated 
at 25°C in the dark and presence or absence of pathogen 
growth (the test for chemical efficacy) was determined 
after 8 days. 

Experiments with mycelium 
About 5 mL of molten (60 to 70 "C) PDA was poured 
into a petri plate and then the plate was tilted 20" to 
allow the medium to solidify. This resulted in a thin film 
of PDA in the plate with most of the medium in a lump. 
The medium was allowed to solidify for about 20 
minutes before the lump was removed (using a steril- 
ized spatula) leaving a thin, uniform film of agar. To 
achieve this, the agar should be hot (60 to 70 "C). 

Preliminary tests with C. scoparium showed that 2"- 
thick agar films gave inconsistent results when tested 
with benomyl for 1 to 3 minutes while films of 0.5 mm 
or less gave repeatable results. The requirement for a 
specific agar thickness means that the petri plate should 
have a very flat surface, Le., it should be free of 
undulations which alter thickness. One to three 5-mm- 
thick disks were taken from the margin of 8-day-old 
cultures of C. scoparium or R. solani, and distributed 
over the PDA film. Plates were then incubated at 25°C 
for 48 h in the dark. Next, 10 mL of the fungicide or 
chlorine solutions were poured over the colony (on 
PDA) for a pre-determined time. The fungicide was 
then decanted and the plates washed three times with 10 
mL of sterile water. After the last wash, each plate was 
tilted and drained for about 1 minute and the inoculum 
disks discarded. With the plate still inclined, five or 
more disks (fragments) of the colony on the film were 
removed and plated on PDA in petri plates. The location 
of each fragment was marked. After 5 days for C. 
scoparium and 2 days for R. solani, the fragments or 
disks which grew were counted. 

The fungicide and chlorine concentrations tested 
(all for exposures of 0.03, 2 or 10 minutes) were: (i) 
benomyl at 0,30,120, and 480 ppm, (ii) captan at 0,12, 
120or 1200ppm,(iii)thiramat0,21,210or2100ppm, 
(iv) chlorine at 0, 130, 260 and 780 ppm, (v) chlorine 
plus captan at 0+0 and 130+1200 ppm, (vi) chlorine 
plus thiram at 65+2100 ppm, and (vii) chlorine plus 
benomyl at 130t480 ppm (v-vii for 0, 0.5, 1, and 3 
minutes). The chlorine concentrations were determined 
as previously and then determined again after being 
added to the fungicides. When mixed with thiram, the 
chlorine content dropped about 50%. 

Results 
Conidia of C. scoparium were relatively resistant to the 
fungicides, especially at lower dosages (Table 1). These 
lower dosages, even for prolonged exposures, did not 
affect conidia germination. However, higher dosages, 
even for short exposures, killed conidia. Chlorine, even 
at relatively low dosages, was fairly effective against 
conidia. 

Mycelium of C. scoparium was much more suscep- 
tible than conidia to low dosages and short exposures of 
fungicides (Table 2). Chlorine was less effective against 
mycelium. Mixtures of fungicide (except captan) and 
chlorine were effective against C. scoparium myce- 
lium, even after a 0.5-minute exposure. 

Mycelium of R. solani was much more difficult to 
kill, with most treatments giving negative results (Table 
3). Other fungicides which had been tested previously 
(Le. quintozene, iprodione and thiram, unpublished 
data) have also given negative results. Only thia- 
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bendazole significantly affected R. soluni mycelium. 
Benomyl, the fungicide most commonly used in Brazil- 
ian nurseries, did not kill C.  scopurium spores or R. 
soluni mycelium. 

Discussion 
The two techniques described here allow fungicide 
efficacy to be measured at various concentrations and 
exposure times. Knowing the time required for a 
concentration of a fungicide to kill spores or mycelium 
is very important in immersion treatments of Eucalyp- 
tus cuttings because after treatment fungicides are 
washed away or diluted by frequent irrigation in the 
greenhouse. Techniques such as ours for in vitro 
fungicide testing are not common (Dhingra and Sinclair 

1986; Zehr 1978). In the well known cellophane trans- 
fer technique for testing fungicide efficacy, the fungi- 
cide continues to affect spores after they are transferred 
to fungicide-free medium (Neely and Himelick 1966). 
Tests where an inoculum plug is placed on top of a 
fungicide-amended medium may give inaccurate re- 
sults as fungus regrowth often occurs when the inocu- 
lum is subsequently placed on a fungicide-free medium. 
In preliminary tests with our method, a benomyl-sensi- 
tive C. scopurium isolate did not grow on PDA with 30 
ppm benomyl, but a resistant isolate grew at 980 ppm 
(Alfenas et al. 1987). Using our method, mycelium of 
a benomyl-sensitive C. scoparium isolate was not killed 
by 30 ppm benomyl but was killed after a 2-minute 
exposure to 120 ppm. 

Table 1. Colonies per petri plate of Cylindrocladium scoparium that developed after spores were exposed to 
fungicides or chlorine for various times. 

Fungicide and 
concentration 
( P P 4  

Benomyl 
0 

30 
60 

120 
240 
480 

Captan 
0 

12 
120 

1200 
1600 
2000 
2400 

Thiram 
0 

21 
210 

2100 
2500 
2900 
3300 

orine 
0 

130 
260 

Exposure (minutes) 

0.03 

>300 
>300 
>300 
>300 
>300 
>300 

>300 
>300 
>300 

>300 
>300 
>300 

0.5 1 2 3 10 

>300 
>300 
>300 
>300 
>300 
>300 

45 
15 
5 
2 

80- 120 
0 
0 
0 

Q 
>300 >300 

0 0 
0 0 

>300 
>300 
>300 

2 
1 
1 
0 

>300 
>300 
>300 

2 
0 
0 
0 

>300 
0 
0 

30 

>300 
>300 
>300 
>300 
>300 
>300 

>300 
>300 
>300 

>300 
>300 
>300 

780 0 0 0 
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Table 2. Percent recovery of Cylindrocladium scoparium mycelium after exposure to fungicides 
or chlorine for various times. 

Fungicide and Exposure (minutes) 
concentration 
(PPm) 

Benomyl 
0 

30 
120 
480 

Captan 
, o  

12 
120 

1200 

Thiram 
0 

21 
210 

2100 

Chlorine 
0 

130 
260 
780 

0.03 

100 
100 
40 

8 

100 
100 
100 
44 

100 
100 
100 

9 

100 
100 
100 
100 

Chlorine+captan 
o+o 100 

130+ 1200 17 

Chlorine+thiram 
65+2 10034 0 

Chlorine+benomy 1 
130+48025 0 

0.5 

100 
100 
100 
42 

100 
25 

0 

0 

1 2 3 

100 
100 

0 
0 

100 
100 
100 
25 

100 
100 
59 
0 

100 
100 
100 
50 

100 
9 

0 

0 

100 
100 
100 

0 

100 
0 

10 

100 
40 
0 
0 

100 
100 
100 

0 

100 
100 
67 
0 
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Table 3. Percent recovery of Rhizoctonia soluni mycelium 
after exposure to fungicides or chlorine for various times. 

Fungicide and 
concentration 
(PPm) 

Benomyl 
0 

350 
1000 

Thiabendazole 
0 

1200 
2400 

Exposure (minutes) 

Toclophos (methyl) 
0 

500 

Chlorine 
0 

130 
260 
780 

Benomyl+Thiram 
350+1500 

1 3 

100 100 
100 100 
100 100 

100 
0 
0 

100 
91 

100 100 
100 
100 

0 

100 

Thiabendazole+Thiram 
1200+ 1500 0 
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Sex pheromone for the black cutworm, Agrotis ypsilon Rottemberg 
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Abstract 
The black cutworm, Agrotis ypsilon Rottemberg, is widespread and causes serious damage to nursery seedlings in 
Shaanxi province, The People's Republic of China. In central Shaanxi it has four generations per year. First- 
generation larvae are the most damaging. A sex pheromone for adults is used to predict damage. 

Resume 
Le ver-gris noir (Agrotis ipsilon Rottemberg) est une espbce largement repandue qui cause des degks importants 
aux semis des pepinibres forestibres dans la province du Shaanxi, en Rtpublique populaire de Chine. Dans laregion 
centrale du Shaanxi, le ver-gris noir compte quatre gtnerations par an. Ce sont les larves de la premibre generation 
qui causent les plus grands ravages. On utilise une pheromone sexuelle pour dtnombrer les adultes et prevoir les 
pertes. 

Introduction 
The black cutworm (also called the ypsilon dart or dark 
sword grass moth) Agrotis ypsilon Rottemberg 
(Noctuidae) =A.  ipsilon (Hufnagel), occurs worldwide. 
It is one of the most widely distributed and abundant 
(constituting 89-95% of Noctuidae pests in number) 
and most serious insects in Chinese nurseries. 

Agrotis ypsilon affects many kinds of crops includ- 
ing cotton, wheat, corn, sorghum, sweet potato, potato, 
beans and vegetables, certain grasses, and all species of 
nursery seedlings. The first generation larvae are the 
most damaging to seedlings. One- and two-year-old 
larvae destroy young leaves of seedlings while 3-year- 
old larvae feed at the base of seedling stems, killing 
seedlings. Seedling damage generally ranges from 5 to 
20% but is sometimes over 80%. 

Life history 
In westem Shaanxi province there are four generations 
of A.  ypsilon per year. First-generation larvae appear 
from about mid-April to late May while adults are 
present from early to mid-June. Thereafter, until mid- 
late September, altemating populations of adults (every 
6 weeks) and larvae (2 weeks later) occur. The first 
generation produces the largest populations and does 
the most harm, especially from mid to late May. 

Adults lay eggs 3 to 5 days after emergence; at about 
15OC, eggs hatch in approximately 15 days. At about 

18.5"C, the first instar lives 6 days, the second 5 days, 
and the second through fifth instars have a lifespan of 5 
to 7 days, while the' sixth instar lives 12 days. 

Biology and damage 
Adults are nocturnal, hiding during the day, and are 
most active from twilight to midnight, and at dawn. 
They remain inactive at temperatures below 4 ° C  but 
resume activity at 4 to 8°C. They can fly when the 
temperature is above 10°C. Activity is greatest on warm 
to hot, humid, calm nights. 

Agrotis ypsilon is strongly phototaxic, especially 
toward ultraviolet light, and chemotropic to sweet-sour 
odors such as those produced by fermentation, wilted 
poplar leaves, and branches. 

Female A .  ypsilon lay 800 to 2000 eggs each. Two 
oviposition peaks occur each year; the first lasts from 
the last 10 days of March to the first 10 days of April. 
The second peak is from about April 20 to April 30. 
About 70% of the eggs are dispersed over the surface of 
the ground, 20% on the dead grass and plant roots and 
branches, and the remainder are dispersed on nursery 
seedlings. Initially eggs are white to yellow, then they 
become silver-red, red-purple, and finally pale black. 

The 1 - and 2-year-old larvae ofA. ypsilon live above 
ground; they feed on the contents of leaves, leaving the 
epicuticle. Heavy rainfall kills many larvae. Three- 
year-old and older larvae hide in the soil by day and 
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Table 1. umber of adult Agrotis ypsilon trapped with ex pheromone trap and ultraviolet light

Lure

Pheromone Pheromone plus ultra iolet lightW

Dates alone
-------------- ------------------------------- Trap # ----- ---------------------------------- --------- --------
J 2 3 4 5 6 7 8 9 10 II

March
23 I 3 4 I 4 I 5 3 2 0 7 I
24 0 0 0 0 0 0 0 0 0 0 2 0
25 3 2 0 2 3 6 4 2 3 I 3
26 0 0 I L 3 0 0 0 I I 0 I
27 3 0 0 3 0 0 0 0 0 0 0 0
28 0 0 0 0 0 0 0 0 0 0 0 0
29 I I 0 0 0 0 0 0 0 0 0 0
30 0 L I L 0 0 0 0 0 0 0 0
3L 0 0 0 0 0 0 0 0 0 0 0 0
pril
1 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 L 0 0 0
3 0 0 0 I 0 0 0 0 0 0 0 0

Total 8 7 6 9 10 7 7 6 4 10 5

" Eleven observaLions (lTap )

emerge at night to damage leave . In their fourth year,
larvae can cut off eedling tern near th groundline.
Fifth and ixth stage larvae eat voraciou Iy; they de-
troy three to five tree each night.

The range in body length of the ariou Larval
tage i 2.6-3.6.4.6-5.7 7.8-11. ,6.4-20.0.26.5-33.0,

and 39.5-48.7 mm for each of the 6 years. re pecti el .

Sex pheromone experiment

To obtain a bettere timate of the potential damage from
black cutworm, the in ect' ex pheromone wa used to
attract adultA. ypsilofl in orthwe t China. The phero
mone (made in Jintan In eet Hormone In titute, Jiang u
province) wa injected into iliciou rubber lure cone.
The major component of the expherom neareci -7
dodecenyl acetate and cis-9-tetradecenyl acetate (3: I).
Their tructural formulas are:

H H
CH (CH C =C(CH ) OCO CH

3 23 26 3

H H
CH

3
(CH

2
)3 C = C(CH

2
) OCO H)

Our re earch wa done in the nur erie of the orth
western College of Forestry where 12 trap were in
taIled. one of which wa placed beneath an ultraviolet

lamp. umber of trapped in eet pe t were recorded
dail at 22:00. The experiment la ted 12 day from

arch 2 to pril 3.
Se pheromone alone attracted about a many in-

ects a pheromone plu light (Table I). Thu, e
pheromone alone can be used to predict when adult of
the black cutwonn will appear and also indicate sub e
quent cutworm number and damage. Moreover, phero
mone trap can replace ultra iolet light trap.

Perhap placing trap in the field earlier in the
ea on would have gi en a better indication of ub e

quentcutworm numbers a numerou adult moth were
a1read pre em in the nur ery at our fir t ampling date
(Table I . Our re ults al 0 howed that rainy weather
decrea e numbers of trapped adult. We trapped few
if any adult during rainy weather.
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Using sex pheromone to predict Paranthrene tabaniformis Rott damage 
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Abstract 
Paranthrene tabaniformis Rott injures trunks and branches of 1- and 2-year-old poplars. Using sex pheromone to 
attract adults results in better detection of the insect so that measures can be taken to prevent damage. 

RCsumC 
Paranthrene tabaniformis Rott. attaque le tronc et les branches des peupliers d’un an et de deux ans. L’utilisation 
d’une phtromone sexuelle pour attirer les adultes amtliore la dCtection de I’insecte, ce qui permet de prendre des 
mesures priventives. 

Introduction 
Paranthrene tabaniformis Rott seriously injures trunks 
and branches of 1- and 2-year-old poplars, especially in 
nurseries. The insect occurs extensively across China. 
Adults lay eggs at the base of leaf petioles, on trunks, or 
on the upper portions of seedling shoots. Larvae enter 
the bole of the tree or eat small branches or enter and eat 
the contents of terminal buds. Consequently, affected 
trees often have multiple leaders. At first, larvae eat 
both xylem and phloem in the bole; they then penetrate 
deeper into the xylem. Such mining, plus gall formation 
on the bole, predisposes affected trees to wind breakage. 
Previously, insecticides were used against P .  
tabaniformis, but damage often occurred before the 
insect was detected. On average, 20% of poplars are 
injured; sometimes damage exceeds 50%. 

Our purpose here was to test the efficacy of a sex 
pheromone to attract adult P. tabaniformis and to use 
those data to predict potential damage. Such information 
should be useful in preventing such damage. In 
preliminary experiments, during the period from the 
beginning ofMay tomid-Augustfrom 1984 to 1987, we 
used P. tabaniformis sex pheromone with good success. 

Methods 
The P .  tabaniformis sex pheromone used was made by 
the Shanghai Organic Chemistry Institute and by Jintan 
Insect Hormone Institute in Jiangsu province. Its major 
component is trans-3, cis-13-18-dienol. A lure cone 
was made by injecting 200 pg of pheromone into a block 
of silicone rubber. The bottom inside of the triangular- 

shaped trap contained a thick paper painted with SHI 
pattem glue. A lure cone was put at the center of the 
paper and the trap was hung among the seedlings at the 
nurseries of the Northwest Forestry College and in the 
central nursery at Hu County, Shaanxi province. 

Results and conclusions 
By attracting male P. tabaniformis with sex pheromone 
we were able to determine when the insects first appear 
and how long populations persist. Results of trapping P. 
tabiniformis with sex pheromone and with caged poplar 
branches are presented in Table 1. The date when adults 
were first detected differed for the two trapping 
techniques. Moths were found in pheromone-baited 
traps 9 days sooner and 1 month later than in traps with 
branches. With pheromone-baited traps, adults were 
found over a %month period, Le. from the first 10 days 
of May to mid-late August. In poplar branch-baited 
traps, adults were detected during just 2 months (Table 
1). We concluded that traps baited with sex pheromone 
were more sensitive indicators of the presence of P. 
tabaniformis. 

Our sex pheromone trap results show that adults are 
active from May 15 to June 15. During this period more 
than 80% of adults emerge. Control measures should be 
implemented during this time. Traps baited with poplar 
branches provide misleading data on occurrence of 
adults, and such misleading data could lead to mistakes 
in preventing damage. Sex pheromone traps provide 
better data for predicting when P. tabaniformis adults 
will initially appear. 
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Use of sex pheromone to prevent Puranthrene 
tabaniformis damage 

In 1983 and 1984 several techniques were used to 
control P. tabuniformis at the nursery at the Northwest 
Forestry College. Results of these trials were evaluated 
in September of each year. In spite of these efforts, the 
percentage of trees injured often reached 50%; the 
average number of insects per tree was 2.93, even 
though 50% Fenvalerate was used twice at 200 times the 
recommended rate between July and August, 1983. 
After using sex pheromone to attract adults in 1984, the 
percentage of injured trees was reduced to 16.3% and 
the average number of insects per tree dropped to 0.18. 

Surveys at other nurseries, Le., nurseries other than 
the one at the Northwest Forestry College, revealed as 
many as 1.42 P .  tabaniformis per seedling in Septem- 
ber. These high numbers occurred because the traps 
were blown down by wind in mid-June; these traps 
contained 34 male insects which had been attracted 
from mid-May to late June. This compares to the 368 
male insects that were trapped before mid-August at the 
college nursery, where the average number of insects 
per seedling was 0.18. The damage of P. tabaniformis 
was controlled after successfully attracting and killing 
the pests in 1985 and 1986. The percentage of trees 
injured also dropped greatly in experiments at three 
nurseries (Table 2). 

Table 1. Numbers and percentages of male Puranthrene tabaniformis caught by pheromone-baited traps versus 
poplar branch-baited traps. 

Trapping periods 

May June July August 

Trap trpe 0-10 10-20 20-30 0-10 10-20 20-30 0-10 10-20 20-30 0-10 10-20 20-30 Total  

Pheromone 
Number: 3 60 105 93 41 35 20 4 5 0 2  0 368 
Percentage: 0.8 16.3 28.6 25.3 11.1 9.5 5.4 1.1 1.4 0 0.5 0 
~~~~~~~ ~~ ~ ~ 

Branch-baited 
Number: 0 3  6 38 36 36 9 5  1 
Percentage: 0 2.2 4.4 28.4 26.9 26.9 6.7 3.7 0.7 
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Table 2. Results of using Paranthrene tabaniformis sex pheromone to prevent damage at three nurseries in 
Hu County. 

Before pheromone use After pheromone use 

Nursery 
location 

Nursery Trees Tree No. Percent No. Insects Percent Percent Percent 
size speciesa age trees damage trees per tree damage damage reductionb 

(ha.) (yrs) examined (%) examined untreated in fields 

- _. __ - - _ _  - - - - 
Laodian Village 4.0 PE 3 876 44.7 350 0.41 17% 59.2% 71.3% 
Centre Nursery 0.2 FT 1 712 19.2 350 0.028 2% 18.4% 89% 
Centre Nursery 0:47 PT 4 1,117 12.1 400 0.010 1.3% 5% 75% 

a PE = Populus x euramericana cv. ‘sacrau 79’, F‘T = Populus x tomentosa Can. 

. 
b Percent reduction = 

percentage in comparative field(C) - percentage in experimental field (B) 
percentage in comparative field (C) X 100% 
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Abstract 
Periodic declines in conifer seed germination potential have been linked to elevated levels of seed-borne mold fungi. 
Levels of these fungi have been shown to increase on seed following cone storage and seed extraction. Seed-bome 
fungi such as Fusarium, Cladosporium, Penicillium, and Trichothecium may be linked to reduced conifer seed 
germination vigor and nursery seedling diseases. No standard method for assaying Douglas-fir or true fir conifer 
seed for seed-bome microorganisms is currently available, but a seed assay technique is presented which could 
quantify a variety of seed-bome fungi and help identify seedlots which might benefit from seed treatment. 

Resume 
Un lien a t t t  Ctabli entre le dtclin pCriodique du pouvoir de germination des graines de conifbres et la prCsence d’un 
nombre Clevt de moisissures dans les graines. On a montrt que le nombre de champignons dans les graines 
augmentait aprbs l’entreposage des c8nes et l’extraction des graines. Certains champignons portts par les graines, 
comme Fusarium, Cladosporium, Penicillium et Trichothecium, peuvent Stre liCs ?I une riduction de la vigueur de 
germination des graines de conifbres ainsi qu’a des maladies touchant les semis en pCpinibre. I1 n’existe pas ?I l’heure 
actuelle de mtthode standard pour deceler la prtsence de micro organismes dans les graines de douglas taxifolik ou 
d’Abies, mais on prtsente une methode d’analyse des graines qui pourrait permettre de quantifier divers 
champignons portts par les graines et aider Breconnaitre les lots de graines qui pourraient tirer profit d’un traitement. 

Introduction 
A diverse group of seed-bome fungi (Table 1) have 
been reported to be associated with conifer seed 
(Anderson 1985; Shea 1957; Fisher 1941; Urosevic 
1961; Bloomberg 1966; James 1984). Some seed- 
bome fungi, such as Fusarium oxysporum, are known 
plant pathogens and may be linked to nursery seedling 
disease outbreaks (Bloomberg 1969). Levels of seed- 
bome fungi have been shown to increase following cone 
storage and seed extraction. Periodic declines in conifer 
seed germination performance have been linked to 
elevated levels of these cone fungi (Shea 1957,1960). 
Therefore, seed assay methods which quantify seed- 
borne fungal levels could help identify seedlots which 
might benefit from seed treatment. 

Most seed assay methods rely on isolating and 
enumerating seed-bome fungi on agar-based media. 
Some media are highly specific for species such as 
Fusarium (Komada 1969), while others are non- 
selective. Currently no standard assay for conifer seed- 
bome fungi is in use. A study was initiated to survey the 
incidence of seed-borne fungi on a cross section of 
Douglas-fir and true fir seedlots from various Pacific 
Northwest seed sources. We chose to use a selective 
medium (Komada’s Fusarium medium) to quantify 

Fusarium levels, and indirectly to assay for other 
important seed-bome fungi. 

Objectives 
This paper willdescribeour standardmethod for assaying 
conifer seedlots. The specific study objectives were: 
(1) To determine seed-bome fungi on Douglas-fir 

seedlots from various Washington and Oregon seed 
sources. 

( 2 )  To quantify seed-borne fungal levels before and 
after cone storage. 

(3) To examine fungal levels on filled and non-filled 
seed. 

(4) To determine the efficacy of seed coat sterilization. 
(5) To quantify seed-bome fungi levels on true fir 

seedlots. 

Methods 
Separate experiments were conductedusing a variety of 
seedlot material of Douglas-fir (Pseudotsuga) or true 
fir (Abies). The methodologies employed and seed 
sources used in each experiment will be described 
separately. Four “marker” seed-bome fungi, including 
Cladosporium spp., Fusarium oxysporum, Penicillium 
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spp., and Trichothecium roseum, were selected for 
comparison studies. 

General seed assay method 
Seed-borne fungal levels were quantified by plating 
individual seed directly on to petri dishes containing 
Komada’s Fusarium agar medium (KM medium) 
(Komada 1969). Plates were incubated at 25°C for 10 
days, after which they were scored for fungal growth. 

Assay of Washington and Oregon seed sources 
Nine individual Douglas-fir seedlots from an Oregon 
seed orchard (Willamette Valley, Oregon) and seven 
seedlots from a Washington seed orchard (Olympia, 
Washington) were used in this seed assay experiment. 
The seed had previously been extracted from cones 
receiving full operational cone storage (2 to 3 months at 
ambient conditions). For this assay, 150 seeds from 
each seedlot were plated on KM medium in groups of 10 

seeds per plate with 15 replicate plates per seedlot. The 
isolation frequency for each “marker” seed-borne fungus 
was averaged for either the Washington or Oregon seed 
source. 

Seed-borne fungal levels before and after cone 
storage 
Ten cones from nine individual Douglas-fir seedlots 
were removed from sacks of freshly picked cones. The 
seed was immediately extracted by hand from these 
cones and placed in sterile petri dishes. The remaining 
cones were held in Operational storage bags (burlap) at 
ambient conditions. After 3 months in storage, the 
stored seed was extracted and cleaned of cone debris. 
Seeds extracted before and after cone storage were 
analyzed for seed-bome fungi as previously described. 
Each assay was performed on 15 replicates of 10 seeds 
per seedlot and storage treatment. 

Table 1. A list of seed-bome fungi associated with various conifer genera 

Conifer genera 

Fungus Thuja Tsuga Abies Pseudotsuga Picea Pinus Larix 

Alternaria 
Aspergillus 
Botrytis 
Caloscypha 
Cephalosporium 
Cladosporium 
Fusarium 
Lirula 
Mucor 
Penicillium 
Pestalozia 
Phoma 
Phomopsis 
Pythium 
Rhizopus 
Sclerotium 
Sirococcus 
Trichoderma 
Trichothecium 
Verticillium 

-1 

A2 

A 

M 
M 
A 

I 
M 
A,M 
A 
M 
M 

M 

M 
A 

M 

M 

M 

M 
M 

A 
A 

M 

M 

Not found in literature 
2 Literature citations: 
(A) Anderson 1985; (B) James and Genz 1981; (C) Shea 1960 (D) Rediske and Shea 1965; (E) Bloomberg 1966; (F) Schubert 1960; 
(G) Graham and Linderman 1983; (H) James 1984; (I) Bloomberg 1969; (J) Mittal and Wang 1986; (K) Mittal and Wang 1987; 
(L)Kanaskie et  ai. 1987; (M) Prisyazhnyuk 1960; (N) Paden et ai. 1978; (0) Mitchell and Sutherland 1986. 
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Fungal levels on filled and non-filled seed 
The seed extracted before storage in the previous 
experiment (nine seedlots) was also used to quantify the 
seed-bome fungal levels on filled and non-filled Douglas- 
fir seed. Seed was examined using a Faxitron seed X- 
ray device and separated into groups according to seed 
status (filled or non-filled seed). Five replicates of 15 
seed per seed status and seedlot were plated onto, KM 
medium and incubated at 25°C. Plates were examined 
after 14 days and fungi identified. 

Removal of seed-borne inoculum by seed surface 
sterilization 
Ten individual orchard seedlots of Douglas-fir were 
used to test the efficacy of mild surface sterilization to 
remove seed-bome fungal inoculum. Non-treated seed 
was plated directly onto KM media, with five replicate 
plates each containing ten seeds. The seed treatment 
involved first soaking seed in a 10% solution of Chlorox 
bleach (1 : 10 dilution) for 30 minutes. This treated seed 
was rinsed several times with sterile distilled water and 
plated. 

Seed-borne fungi on truefir 
Seed from noble fir (Abies procera), grand fir (Abies 
grandis),. and shasta red fir (Abies magnifca) was 
obtained from private seed collection sources. The 
seed-bome fungal levels from these seedlots were 
determined by plating ten seeds on four replicate plates 
per seedlot. The number of colony-forming units per 

WASHINGTON (N = 7) 

u OREGON (N = 9) 
100 r 

CLADOS FUSAR PENIC 

SEED-BORNE FUNGUS 

TRICHO 

fPE 

Figure 1. Isolation frequency of marker seed-borne fungi of Douglas- 
fir seedlots from Washington and Oregon seed sources. Mean of 7 
Washington and 9 Oregon seedlots. +/- 95% confidence interval. 

seed (CFU/seed) from these seedlots was determined by 
plating a seed slurry (ground seed) on KM medium. Ten 
seeds from each seedlot were ground for 1 minute at 
high speed with 30 mL of sterile distilled water in a 
tissue homogenizer. This seed slurry was serially 
diluted with sterile distilled water to achieve dilutions 
of 1 : 1000 and 1 : 10 000. One-mL portions were pipetted 
into three petri plates. Agar medium (KM) was cooled 
to 35°C in a water bath and poured into the plate 
containing the seed slurry. Each plate was swirled to 
mix the media and inoculum. 

Results 
Seed-borne fungal levels on Douglas-fir from 
Washington and Oregon seed sources 
Cladosporium sp. and Trichothecium roseum were the 
most frequently isolated seed-bome fungi associated 
with Douglas-fir seed from either the Washington or 
Oregon seed sources (Figure 1). There was no significant 
difference (p=0.05) between seeds source location and 
the isolation frequency of either fungus. Penicillium sp. 
was also isolated from a majority of the seed tested. 
Fusarium oxysporum levels were significantly lower 
(p=0.05) than the other three marker fungi. 

Seed-borne fungal levels before and after cone 
storage 
The level of seed-borne fungi isolated from Douglas-fir 
seed was significantly higher after cone storage than 
before storage (Figure 2). Most notably was the increase 

loo 1 T 

BEFORE STORAGE 

1 AFTER STORAGE 

T 

a .. ... .. ... :. ... .. .:: ;:+: I ...... 
CLADOS FUSAR PENIC TRICHO 

SEED-BORNE FUNGUS TYPE 

Figure 2. Isolation frequency of various marker seed-borne fungi 
from Douglas-fir seed prior and after cone storage. Variation shown 
as +/- 95% confidence interval of the mean. 
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in the level of F.  oxysporum. Similar increases occurred 
with Penicillium and Trichothecium. This observation 
suggests that inoculum may be transferred to the seed 
from cones during storage, cone drying, and seed ex- 
traction processes. 

Fungal levels on filled and non-filled seed 

The status of Douglas-fir seed (filled or non-filled) did 
not appear to affect the levels of seed-borne fungi 
associated with that seed (Figure 3). There was no 
significant difference between the isolation frequency 
of the four marker fungi and seed status. 

Removal of seed-borne inoculum by seed s u ~ a c e  
sterilization 

Surface sterilization of Douglas-fir seed using Chlorox 
bleach removed a significant amount of the seed-borne 
fungi present on the seed (Figure 4). This indicates that 
a major portion of this inoculum is loosely held on the 
outer seed coat surface. The remainder of the inoculum 
could not be removed easily and this fraction may have 
greater significance to disease development. 

Seed-borne fung i  on true fir 
The occurrence of various seed-borne marker fungi on 
seed of noble fir, grand fir, and shasta red fir was highly 
variable (Figure 5). The grand fir tested showed the 
highest incidence level of Cladosporium of the true fir 
species tested. Fusarium oxysporum and Trichothecium 
levels were also higher on the grand fir. Penicillium was 
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the most frequent seed-borne fungus isolated from 
noble fir and shasta red fir seed. Trichothecium was not 
isolated from the shasta red fir seedlot. 

Spore load density (CFU/seed) was similar for the 
most of the marker fungi of the true fir species tested 
(Figure 6).  The highest inoculum load was observed 
from Penicillium on shasta red fir seed (200 CFU/seed). 

Discussion 
The seed assay method used was designed to meet 
several " m o b j e c t i v e s :  to quantify potentialmarker 
seed-borne pathogens, their incidence on seedlots, and 
location relative to the seed coat. Our results will be 
discussed in relation to published literature concerning 
the possible roles these marker fungi play in the seed 
pathology of conifers. 

Cladosporium species are known to infect 
agricultural and conifer seed (Malone and Muskett 
1964; Anderson 1985). Anderson (1985) lists its 
occurrence on Pinus excelsa, P. pinsularis, P. ponderosa, 
P. sylvestris, and P. taeda. Mittal and Wang (1987) 
isolatedCladosporium from Picea glauca and P. strobus, 
and cited references to its isolation from other conifer 
species, Le., Cedrus deodora, C. seprevirens, P .  
caribaea, P. roxburghii, Abies sibirica, Larix sibirica, 
and Picea abies. Our findings and those of Kanaskie et 
al. (1987) indicate that Cladosporium is avery common 
fungal isolate associated with Douglas-fir seed in the 
Pacific Northwest. This fungus can also be isolated 
from cone bracts and scales. It appears to be equally 
common on true fir seed as well. Urosevic (1961) 
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Figure 3. Isolation frequency of marker seed-bome fungi from filled 
or non-filled Douglas-fir seed. 

Figure 4. Isolation frequency of marker seed-bome fungi before 
and after seed sterilization with 10% Chlorox solution. 
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reports that Cladosporium displays weak pathogenic 
activity, and has been linked to germination declines in 
conifers. 

Seed-borne Fusarium oxysporum levels have re- 
ceived much interest possibly because of their impor- 
tance as disease causing organisms (Malone and Muskett 
1964). Our seed testing has found F. oxysporum and 
Fusarium roseum on many seedlots of Douglas-fir, 
grand fir, ponderosa pine, noble fir, and shasta red fir. 
We consistently isolateFusarium from the outer portions 
of developing cones, and from seed after cones have 
opened. Nelson et al. (1986) also found that seed-borne 
Fusarium incidence was low on seed prior to cone 
opening. Transfer of Fusarium inoculum (like other 
marker species) likely occurs from the cone to the seed 
(Mittal and Wang 1987; Kanaskie et al. 1987). 

The build-up of Fusarium inoculum on seed is 
especially important because this fungus is a significant 
pathogen in nursery disease complexes such as damping- 
off, hypocotyl-rot, and top-blight (Prisyazhnyuk 1960; 
Bloomberg 1969; Neergaard 1979; Graham and 
Linderman 1983; James 1984; Mittal and Wang 1986). 
The contribution of seed-borne Fusarium to nursery 
disease cycles has been difficult to quantify and remains 
to be fully assessed. 

Penicillium species have been isolated from many 
species of conifers (Anderson 1985; Mittal and Wang 
1987). We frequently isolate this fungus from Douglas- 
fir and true fir seed, where it can be a dominant seed- 

u GRANDFIR 

SHASTA RED FIR 

CLADOS FUSAR PENIC TRICHO 

SEED-BORNE FUNGUS TYPE 

Figure 5 .  Isolation frequency for marker seed-bome fungi from 
several true fir (Abies) species. 

borne component. Fisher (1941) observed that Penicil- 
lium could reduce the germination vigor of ponderosa 
pine, and it has been linked to seedling emergence 
failure of other species like P. glauca (Mittal and Wang 
1986). Some species of Penicillium are associated with 
seed, but are not pathogenic (Malone and Muskett 
1964). 

Trichothecium roseum has been reported from a 
variety of conifer species (Anderson 1985; Urosevic 
1961). In the Pacific Northwest, Trichothecium 
commonly occurs as a seed-borne fungus of Douglas- 
fir, grand fir, and ponderosa pine (Kanaskie et al. 1987; 
James and Genz 1982). This fungus has been identified 
as a seed-rot organism (Mittal and Wang 1987; Malone 
and Muskett 1964). We have observed that 
Trichothecium can reduce the germination potential of 
Douglas-fir seed by 15% when inoculated onto seed. 

Conclusions 
Numerous seed-borne fungi co-exist on or in the seed of 
Douglas-fir and true fir species in the Pacific Northwest. 
Many seed-bome fungi are demonstrated plant pathogens 
linked to germination decline, seed-rot, or disease. 
Seed fungal inoculum levels buildup on seed following 
cone storage. This seed-borne inoculum may be an 
important contributor to nursery soil reinfestation 
following fumigation, and may be a source of disease 
during crop development, although this remains to be 
quantified. The specific results demonstrated by this 
research were the following: 
(1) Seed assay using Komada’s media allows for 

determination of F.  oxysporum and various other 
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Figure 6.  Thenumber ofcolony formingunits (CFU/seed) determined 
in seed slurry platings for various seed-bome fungi and true fir 
seedlots. 

257 



seed-rot fungi (Cladosporium, Penicillium and 
Trichothecium). 

(2) Seed-bome fungal levels can vary with seed source. 
(3) Seed-bome fungal levels usually increase during density. 

and following cone storage and seed extraction. 
(4) Filled seed contains similar seed-bome fungal 

levels as non-filled seed. 
( 5 )  A significant portion of the seed-bome inoculum 

can be removed by mild surface sterilization. 

(6) Seed-bome fungi on true fir species show similar 

(7) Plating seed slurry yields data on fungal inoculum 

(8) No standard seed fungus testing methodis currently 
in use, and this technique represents one way to 
detect potential seed-borne problems. 

differences with regard to seed source. 
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Abstract 
Deflection of lateral roots from the container wall results in a deformed root structure that may persist after 
outplanting, predisposing the seedling to stress and disease. Ethephon (2-chloroethylphosphonic acid) was used in 
an effort to control the lateral root growth of container-grown red pine (Pinus resinosa) seedlings. A factorial design 
was used to evaluate the effects of ethephon (0,25,75 ppm), an ectomycorrhizal fungus, (Fusarium subglutinans), 
and drought on growth of P. resinosa (2-week-old seedlings, 24 treatments, 30 seedlings per treatment). Fusarium 
produced no disease or other effect in the experiment. Ethephon decreased root length and increased the thickness 
of the roots. Drought resulted in 30% mortality of the controls (ethephon=O ppm). Ethephon-treated seedlings 
exhibited no mortality, but did exhibit phosphorus deficiency symptoms. Phosphorus deficiency was corrected by 
the presence of ectomycorrhizae. Ethephon treatments alter root growth of container-grown red pine resulting in 
decreased lateral root length and improved drought resistance. 

Resume 
Les racines secondaires des semis produits en recipients ont tendance B dtfltchir au contact des parois du rtcipient. 
Ce phtnomkne provoque une deformation du systkme racinaire, deformation qui peut persister aprks la transplan- 
tation du semis en site forestier et favoriser la predisposition des semis au stress et aux maladies. Pour inhiber la 
croissance des racines secondaires des semis de pin rouge (Pinus resinosa) produits en recipients, on a proctde B 
un essai a 1’Cthtphon (acide chlorokthylphosphonique 2). Un plan d’expkrimentation factoriel a Ctt utilist pour 
tvaluer les effets de l’tthtphon (0,25,7.5 ppm), d’un champignon ectomycorhizien (Fusarium subglutinans) et de 
la skheresse surla croissance de P. resinosa (semis 2gCs de deux semaines, 24 traitements, 30 plants par traitement). 
Au cours de cette experimentation, on a constat6 que le fusarium n’Ctait la cause d’aucune maladie ni d’aucun 
traumatisme, que l’tthtphon avait contribuk B rCduire la longueur des racines et B augmenter leur Cpaisseur et que 
la stcheresse avait cause la mort de 30 9% des sujets temoins (CthCphon=O ppm). Les semis trait& h 1’tthCphon n’ont 
subi aucune diminution de population mais ont donne des signes de carence phosphorique, carence qui a Cte corrigCe 
par la prksence des ectomycorrhiziens. Les traitements B I’tthCphon ont pour effet de modifier le processus de 
croissance du systkme racinaire des pins rouges produits en recipients, rtduisant la longueur des racines secondaires 
et amtliorant leur resistance B la skcheresse. 

Introduction 
A common problem associated with container produc- 
tion of seedlings is root deformities (Preisig et al. 1979; 
Carlson et al. 1980; Livingston 1990). Seedlings exhib- 
iting container-induced root deformities have been as- 
sociated with Armillaria root disease after planting 
(Livingston 1990). Controlling the number and length 
of lateral roots may lead to better root form. Burdett et 
al. (1983) and Ruehle (1985) used cupric carbonate 
(CuCO ) to coat container walls to prevent first-order 
laterals from growing down the wall. However, the 
treatment results are variable and are dependent on tree 
species, container, soil mixture, and development of 

3 

second- and third-order laterals (Burdett and Martin 
1982). 

Ethephon (2-chloroethylphosphonic acid) may be a 
viable altemative to cupric carbonate for controlling 
root growth by restricting root elongation (Livingston 
1988). After contact with plant tissue, ethephon re- 
leases ethylene, a plant growth regulator (de Wilde 
1971) which elicits changes in root growth (Graham 
and Linderman 198 1; Wilson andField 1984; Livingston 
1988). 

Ethephon treatments for controlling root growth 
would only be useful if treated seedlings do not become 
more susceptible to diseases. Fusarium disease has 
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been associated with ethylene-treated seedlings (Gra
ham and Lindennan 1981) and Fusarium often affects
roots of container-grown conifers (James and Gilligan

1984; James 1986).
Because root growth is ahered by ethephon treal

ments. susceptibility 10 droughl stress could be altered.
Drought stress to container-grown seedlings can result
from insufficient water during transport. storage at
holding areas, overwintering, and planting.

While Fusarium disease and droughl are potentially
serious problems for seedlings treated with ethephon,
ectomycorrhizal inoculation is a potential treatment for
minimizing the effects of these diseases. Inoculating
conifer seedlings with eClOmycorrhizal fungi reduces
losses due to Fusarium disease (Sinclair et 01_ 1982;
Sylvia and Sinclair 1983; Duchesne ., al. 1988;
Chakravarty and Unestam 1987). PlanlS infected wilh
ectomycorrhizal fungi have been shown to exhibit im
proved growth and survival during drought than non

mycorrhizal planIS (Mudge" al. 1987).
This study attempts to evaluate how elhephon rreat

menlS. in conjunction with ectomycorrhizal inocula
tions. affect growth of red pine and its resistance to
drought stress and Fusarium disease.

Materials and methods

A factorial design was used to evaluate the effects of
ethephon (0. 25. and 75 ppm). an ectomycorrhizal
fungus. Fusarium. and drought on the growth of red
pine seedlings (24 treatments. 30 seedlings per treat
mem).

Inoculum preparation

The ectomycorrhizal isolate was obtained from a black
spruce (Picea mariana [Mill.1 B.S.P.)seedling growing
at a nursery in Millinocket. Maine. The fungus is an
isolale of an undescribed Inocybe spp. (unpublished
data).

To detennine if problems due to Fusarium disease
increase with the use of ethephon. the seedlings were
inoculat.ed wilh a Fusarium isolate obtained from a
white sporodochium on a symptomatic (wilted) white
pine (Pillus strobus L.) seedling growing in a green
house in Hennon. Maine. The isolate was identified as
F. s/lbgllllil/ans (Wollenw.) (Reinking) Toussoun and
Marasas (Kuhlman er al. 1978: Nelson ., al. 1983) by
Dr. Paul Nelson of the Fusarium Research Laboratory
at The Pennsylvania State University.

Ectomycorrhizal inoculum starter was grown for 2
weeks in 25 x 150 mm Pyrex test tubes. using 18 ml
vermiculite. 2 ml sifled peal (#18 mesh). and 12 ml
modified Melin-Norkans (MMN) medium (Molina and
Palmer 1982). Inoculum for Ihe greenhouse was pro-
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duced by emptying one tube of inoculum starter in
autoclaved Seal-A-Meal'" bags (12 in x 8 in; Dazey
Corp. Industrial Airport. KS 66031) containing a mix
lure of 700 ml vermiculile, 25 ml peal. and 340 ml
MMN. Openings of inoculated bags were folded over
and incubated in the dark at 25°C for 6 weeks. Fusarium
inoculum was prepared in the same manner except bags
were inoculated with a plug of colonized potato dex
trose Hgar. Sterilecol1trol inoculum was prepared in the
same manner as the eClomycorrhizal and Fusarium
inoculum. except no fungi were added to the bags.

Seed germination and planting

Red pine seed (Michigan source) was surface-disin
fected with 10% hydrogen peroxide (Molina and Palmer
1982). plated on water agar to delect contaminants. and
allowed 10 grow for 14 days at 25' C. Ray Leach Cone
lainers'" (Canby. OR) were filled with ca. 195 m12:1
graded nonslerile peat/vemliculitesoil mixture. pH 5.0.
supplemented with slow-release fertilizer (14: 14: 14
N:P:K. 2.8 Lim' soil). Half of the lreatments received
3 ml ofmycorrhizae inoculum and/or 3 ml of Fusarium
inoculum added to each tube (mycorrhizal inoculum on
top). Non-treated controls received sterile inoculum.
The filled tubes were leached three limes with tap water
to remove sugars from the inoculum. Germinated seeds
were transplanted to the containers in December 1988.

Seedling management alld trea/melllS

The seedlings were grown under two 1000 W high
pressure sodium lamps (153111mol m-2 sec 1, 15-hrday)
with average day and night temperatures of30° and 16°
C. The seedlings were watered with a mister to keep the
soil fully moisl and fertilized to poinl of runoff about
every 2 weeks with Peters waler soluble fertilizer
(20:20:20).

Eighl weeks after transplanting. weekly elhephon
drenches (0. 25. and 75 ppm) began and conlinued for
13 weeks. Ethephon (Ethrel"'. Rhone-Poulenc. Re
search Triangle Park. NC) was added to dislilled waler
at the time of treatment. The soil of each tube was
saturated with the ethephon solution.

Drought trealmenls began after bud sel (21 weeks
after lransplanting) to determine the effects of drought
on elhephon-treated seedlings. Water was withheld
from halfoflhe seedlings unlil the controls (ethephon =
oppm) visibly wilted, a period of 13 days. Al this time
over 50% of the needles exhibited a horizonlal or
drooped orientation. Watering and elhephon treatments
resumed for 4 weeks. and the seedlings were harvested.



Data Collection and Analysis 

Seedling appearance (normal, chlorotic. or dead) was 
of a sampled root segment, and weight per length of 
root* 

- - E  o w  

, -  
evaluated weekly, and cumulative mortality was calcu- 
lated at the end of the experiment (27 weeks after 
transplanting). Growth changes of seedlings were evalu- 
ated at the end of the experiment on 10 randomly 
selected seedlings. Measurements included shoot length, 
shoot caliper, primary root length, number and length of 
first-order laterals, root dry weight, shoot dry weight, 
and nutrient analysis (total nitrogen and phosphorus). 
On five of these seedlings, the first-order lateral root 
systems were cut at 25-mm intervals, and the number of 
root segments within each interval was counted. Twelve 
of these segments were sampled for measuring the 
percentage of ectomycorrhizal root tips, average length 
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Fusarium was re-isolated on Komada’s selective 
medium (Komada 1975) in order to detect Fusarium 
colonization on the seedlings. Fusarium re-isolations 
from live seedlings were performed on 36 seedlings (1 - 
2 seedlings per treatment) at 13 weeks after transplant- 
ing and 120 seedlings (5 seedlings per treatment) at 27 
weeks after transplanting. Re-isolations from dead 
seedlings occurred throughout the experiment. 

Containers were weighed at the end of the drought 
period and after saturating the soil with water. The dry 
weight of the soil, container, and seedling were sub- 
tracted from the wet-weight values to yield water con- 
tent. Values were expressed as a percentage of maxi- 
mum water content. 
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Figure 1. Effect of ethephon on primary and lateral root growth. (A) Primary root length. Seedlings treated with ethephon at 0 ppm 
and 25 ppm did not differ. Ethephon at 75 ppm reduced primary root length. (B) Cumulative length of first-order lateral roots. 
Increasing ethephon treatments reduced cumulative length of first-order lateral roots, with the most pronounced effect in seedlings 
treated with ethephon at 75 ppm. (C) Number of first-order lateral roots by 25-mm size classes. Ethephon treatments decreased the 
number of roots in higher size classes. Error bars = standard error. Means with diffeient letters are significantly different (P = 0.01). 
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Figure 2. Effect of ethephon on root appearance. Seedlings treated 
with ethephon at 75 ppm (left) and ethephon at 0 ppm (right). Note 
decreased root length and increased root diameter. 

Results 
Data from the experiments did not have similar vari- 
ances (Bartlett’s test for homogeneity, P<O.Ol; 
Wilkinson 1989). Nonparametric tests are not available 
for factorial designs, but Conover (1980) recommends 
a ranking procedure for these data sets. Therefore, all 
data (with the exception of mortality data) were ranked 
and standard ANOVA procedures were used on the 
ranked data (P<O.Ol). Actual data (average and stan- 
dard error) are presented in the figures. Data for average 
and standard error calculations were pooled for treat- 
ment factors which were not significant as a main effect 
nor part of a significant interaction in the ANOVA. 
Tukey’s procedure for multiple comparisons of means 
was used. Frequency of mortality was analyzed as 
cross-classified categorical data using the loglinear 
model (Fienberg 1977; Wilkinson 1989). 

Root measurements and data analysis 
Ethephon treatment was the only factor affecting the 
length of the primary root (Figure la). Primary root 

length in seedlings treated with ethephon at 75 ppm was 
reduced by ca. 5% and 8% compared to seedlings 
treated with 0 ppm and 25 ppm ethephon, respectively. 

Ethephon treatment was the only factor to decrease 
the cumulative length of first-order lateral roots (13% 
and 43% for 25 and 75 ppm, respectively; Figure lb). 
First-order lateral roots were shorter after ethephon 
treatments than those of nontreated seedlings (Figure 
IC, Figure 2). Ethephon treatments did not affect the 
total number of first-order lateral roots per seedling 
which averaged 16.4 (SE 0.33). However, drought 
stress slightly decreased the average number of first- 
order lateral roots per seedling from 17.0 (SE 0.47) to 
15.8 (SE 0.46). 

Ectomycorrhizae developed on 92% of the inocu- 
lated root tips (SE 1.73); noninoculated seedlings had 
2% colonization. Ethephon treatments increased 
ectomycorrhizal colonization of inoculated seedlings: 
0 ppm = 84.8% colonization, SE 4.2; 25 ppm = 96.7%, 
SE 1.1; 75 ppm = 95.0%, SE 2.2. Ethephon treatments 
induced ectomycorrhizal-like short root branching in 
noninoculated red pine. 

Ethephon treatments significantly decreased the 
number of roots (number of root segments counted) as 
distance from the primary root increased from 25 mm to 
300 mm (Figure 3a) (only averages of the 0 ppm and 25 
ppm treatments at 275 mm were not significantly differ- 
ent). Treatment with 75 ppm ethephon resulted in the 
greatest decrease, from 26-97% of the number of roots 
in untreated seedlings. There was a significant interac- 
tion between ectomycorrhizal inoculations and ethep- 
hon treatments. Ectomycorrhizae also decreased the 
number of roots across all ethephon treatments and 
distances (Figure 3b). 

Increasing ethephon concentrations increased weight 
per length of root segment by 11 1% and 178% for 25 
and 75 ppm, respectively (Figures 2 and 4a). Without 
ectomycorrhizal inoculations, ethephon increased root 
dry weight by 23% at 25 ppm, but differences were not 
significant between the seedlings treated with 0 ppm 
and 75 ppm ethephon (Figure 4b). Ectomycorrhizal 
inoculations decreased root dry weight in seedlings 
treated with 25 ppm ethephon by 21% such that their 
root dry weight was not different from that of seedlings 
treated with 0 ppm ethephon with or without 
ectomycorrhizal inoculation. Drought significantly 
decreased root dry weight in seedlings treated with 0 
and 25 ppm ethephon by 27% and 16%, respectively, 
but had no effect in seedlings treated with 75 ppm 
ethephon (Figure 4c). 

Ethephon decreased the phosphorusmitrogen (P:N) 
ratio of roots (non-mycorrhizal) compared to seedlings 
treated with 0 ppm ethephon by 4% and 20% for 25 and 
75 ppm, respectively (Table 1). Ectomycorrhizae in- 

262 



creased the P:N ratio across all ethephon levels from 3- 
7%. 

Shoot growth 
Ethephon at 75 ppm decreased shoot dry weight (Figure 
4d). Seedlings treated with ethephon at 0 ppm and 25 
ppm were not significantly different. Other treatments 
had no significant effect. Nutrient analysis of the shoots 
revealed a decreased P:N ratio in ethephon-treated 
seedlings (Table 2) .  Ethephon at 25 and 75 ppm 
decreased the P:N ratio by 4% and 34% compared to the 
controls. Ectomycorrhizae increased the P:N ratio by 9- 
46% increase for 75 ppm across all ethephon treat- 
ments. 

Seedling survival and drought stress 
Seedling mortality was minimal before drought stress 
(0-12%). Wilt symptoms developed on 77% of seed- 
lings not treated with ethephon after 13 days without 

watering; such symptoms appeared on 1 1 % of seedlings 
treated with ethephon at 25 ppm and 75 ppm. Four 
weeks after resumption of watering, mortality was 
limited to those seedlings not treated with ethephon. 
Ectomycorrhizae and Fusarium were evaluated for 
their ability to reduce and induce mortality, respec- 
tively, in the seedlings not treated with ethephon. The 
only interaction term to significantly improve G2 com- 
pared to the independent loglinear model was 
ectomycorrhizae x mortality (G2 of model differences = 
6.82, 1 df, P<O.Ol; G2 of improved model = 1.43,4 df, 
P>O. 10). Addition of the Fusarium x mortality interac- 
tion did not significantly improve the independence 
model (G2 of model differences = 0 , l  df, P>O.Ol; G2 of 
independence model = 8.25, 4 df, P<O.lO). Drought 
caused severe mortality of seedlings not treated with 
ethephon (42%), but mortality of these seedlings was 
reduced by half (to 19%) with ectomycorrhizal fungus 
inoculation. 

1 1 1 1 1 1 1 1 1 1 1 1  - 

0 ethephon=75ppm 
0 ethephon=25ppm 
0 ethephon=Oppm 

Figure 3. Effect of ethephon on the number of roots. (A) Seedlings not inoculated with an ectomycorrhizal fungus. Increasing 
ethephon levels decreased the number of roots counted at 25-mm intervals from the primary root. (B) Ectomycorrhizal inoculations 
decreased the number of roots across all ethephon levels. Error bars = standard error. 
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Water content of container soil after drought stress 
shows the largest water loss (88.6%) from seedlings not 
treated with ethephon (Figure 5). 

Ectomycorrhizae increased (up to 19%) the amount 
of water lost during drought stress. Fusarium inocula- 
tion had no effect on water loss. 

Fusarium re-isolation 
Fusarium re-isolation was evaluated by counts of colo- 
nized and noncolonized root segments. Fusarium was 
re-isolated from 13 seedlings which died before drought 
stress (360 seedlings inoculated). No Fusarium was 
isolated from 15 noninoculated seedlings which died 
prior to drought. After drought, Fusarium was re- 
isolated from root segments of living seedlings in in- 
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oculated (8 1 %, n = 265 root segments) andnoninoculated 
(23%, n = 284) treatments. Cross-contamination oc- 
curred primarily in the live seedlings treated with 75 
ppm ethephon (48%, n = 84). Despite its presence on 
seedlings, Fusarium did not produce disease and had no 
significant effect on growth parameters in the experi- 
ment. 

Discussion 
Ethephon treatments successfully controlled root growth 
of red pine seedlings. Root numbers and lengths were 
reduced. Therefore, ethephon treatments reduce the 
amount of root tissue being deflected along container 
walls on solid wall containers. On porous wall contain- 
ers, e.g. the Jiffy@ peat-pellet, the treatments should 
limit root egress and interrooting of plugs. Therefore, 

0.9 

0.8 

n w 
W 

2 _- w 
iz OS7 
?’ 0.6 
c3 
g 0.5 
U 

-w 

0 + ectomycorrhizae B 
ectomycorrhizae 

C I 
0,4 

0 25 75 

Ethephon (ppm) 

1.4 I 1 

9 

0 25 75 
Ethephon (ppm) 

Figure 4. Effect of ethephon on seedling weight. (A) Weight per root length. Increased ethephon levels resulted in 
increased weight per length of root segments. (B) Ectomycorrhizae and root dry weight. Ethephon at 25 ppm resulted 
in an increase of root dry weight, but differences were not significant between ethephon at 0 ppm and 25 ppm on seedlings 
inoculated with anectomycorrhizalfungus. Ethephon at 75 ppmreducedroot dry weight. (C) Drought and root dry weight. 
Drought reduced dry weight of seedlings treated with ethephon at 0 ppm and 25 ppm, but had no effect on seedlings treated 
with 75 ppm ethephon. (D) Shoot dry weight. Seedlings treated with Ethephon at 0 ppm and 25 ppm did not differ. 
Ethephon at 75 ppm reduced shoot dry weight. Errors bars =standard error. Means with different letters are significantly 
different (P = 0.01). 
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ethephon treatments should aid in reducing root defor- 
mities after planting. Treatments also increased weight 
per root length. Therefore, reduced root lengths from 
ethephon treatments did not necessarily result in re- 
duced root dry weights. Ethephon at 25 ppm actually 
increased root dry weight. 

Most observations in this study agree with previous 
reports of ethephon effects on conifer growth. De- 
creased lateral root length resulting from ethephon 
treatments on conifer seedlings also has been reported 
by Graham and Linderman (1981), Wilson and Field 
(1984), and Livingston (1988). Similar or increased 
root dry weight of red pine after ethephon treatment is 
consistent with Graham and Linderman's study (1981) 
of ethephon-treated Douglas-fir seedlings, but Weston 
et al. (1980) reported a decrease in root weight of white 
spruce when ethephon was applied as a foliar spray. 
Graham and Linderman (198 1) found ethylene to have 
no effect on ectomycorrhizal colonization of conifer 
roots. However, this study showed increased 
ectomycorrhizal colonization of red pine roots after 
ethephon treatments. Ethephon treatments induced 
ectomycorrhizal-like short root branching in 
noninoculated red pine as was previously described for 
other conifers (Rupp and Mudge 1985; Wilson and 
Field 1984). No changes or decreases in shoot dry 
weight of conifers after ethephon treatment were ob- 
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Figure 5 .  Effect of ethephon and ectomycorrhizae on 
water content of soil after drought stress. Increased 
ethephon concentrations resulted in increased water 
content within the soil after drought stress. 
Ectomycorrhizae decreased soil water content for ethep- 
hon at 25 ppm and 75 ppm. Error bars = standard error. 
Means with different letters are significantly different (P 
= 0.05). 

served in this study or by Graham and Linderman (I98 1) 
andWestoneta[. (1980). Nodifferences werediscernable 
in shoot or terminal growth of red pine seedlings treated 
with ethephon root drenches, as was reported by Cheung 
(1975) and Hare (198 1) with foliarethephon application 
to other conifers. In summary, ethephon has consis- 
tently decreased lateral root length, has a variable effect 
on root weight, and induces ectomycorrhizal-like short 
root branching on conifers. Ethephon has variable 
effects on conifer shoot length and dry weight. 

This study is the first report of ethephon treatments 
decreasing seedling susceptibility to drought stress. 
Reduced drought susceptibility of ethephon-treated seed- 
lings was probably due to growth changes in the root 
system. Reduced root length resulting from ethephon 
treatments decreased the amount of root surface in 
contact with soil water. This probably contributed to 
decreased water uptake and higher amounts of soil water 
in containers of ethephon treated seedlings after 13 days 

Table 1. Levels (%) of nitrogen (N), phosphorous (P), 
and ratios (X100) of phosph0rus:nitrogen in dried root 
tissue (10 plants per sample) 

Treatment N P P:N 

Ethephon 0 ppm 1.28 0.26 20.39 
Ethephon 0 ppm 1.38 0.29 21.01 
+ ectomycorrhiza 
Ethephon 25 ppm 1.23 0.24 19.59 
Ethephon 25 ppm 1.5 1 0.3 1 20.80 
+ ectomycorrhiza 
Ethephon 75 ppm 1.88 0.31 16.28 
Ethephon 75 ppm 1.99 0.35 17.49 
+ ectomycorrhiza 

Table 2. Levels (%) of nitrogen (N), phosphorous (P), 
and ratios (X100) of phosphorus:nitrogen in dried shoot 
tissue (10 plants per sample) 

Treatment N P P:N 

Ethephon 0 ppm 1.45 0.25 17.24 
Ethephon 0 ppm 1.48 0.3 1 20.8 1 
+ ectomycorrhiza 
Ethephon 25 ppm1.32 0.22 16.59 
Ethephon 25 ppm1.51 0.28 18.21 
+ ectomycorrhiza 
Ethephon 75 ppm 1.98 0.23 1 1.47 
Ethephon 75 ppm 1.76 0.30 16.82 
+ ectomyconhiza 
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without watering. Therefore, due to reduced numbers 
and lengths of roots, the ethephon-treated seedlings did 
not undergo as severe drought stress as did the controls. 

Increase in average si& and number of cortical cells 
after ethephon treatments resulted in thicker roots on 
red pine (Maynard 1989). These roots have the capacity 
to store more water per length of root than nontreated 
roots and should make them better able to survive 
longer periods of low soil moisture. This could explain 
why ectomycorrhizal red pine treated with 25 ppm 
ethephon were able to survive drought stress despite 
having soil moisture contents similar to those of the 
controls (ethephon=O ppm, with or without 
ectomycorrhizae) which suffered 30% mortality. 

Ectomycorrhizae decreased root numbers and 
lengths, but still increased water uptake in red pine 
seedlings. Increased water uptake could be due to the 
hyphal network of ectomycorrhizal roots which in- 
creases the absorptive surface area (Lindeman 1988). 
Although the soil of ectomycorrhizal seedlings lost 
more water, ectomycorrhizae reduced seedling mortal- 
ity due to drought by over 50% when compared to 
nonmycorrhizal seedlings. Mudge et al. (1987) pre- 
sents a review of studies of ectomycorrhizal drought- 
stressed seedlings, and states mycorrhizal roots may be 
more resistant to desiccation than nonmycorrhizal roots, 
thereby retaining a larger functional root system during 
drought. 

Ectomycorrhizae increased but ethephon decreased 
phosphorus uptake of seedlings as shown by nutrient 
analysis of the roots and shoots (Tables 1 and 2). The 
optimum P:N ratio for red pine is 14 (Timmer and 
Armstrong 1987). With the exception of seedlings 
treated with 75 ppm ethephon, P:N ratios of the shoots 
of the seedlings ranged from 16.82 to 20.81. 
Nonmycorrhizal seedlings treated with 75 ppm ethep- 
hon had a P:N ratio of 1 1.47, below the optimum level; 
however, the P:N ratio of such seedlings was raised 32% 
by ectomycorrhizae to 16.82. Ectomycon-hizal inocu- 

lations can improve nutrient uptake of P in ethephon- 
treated seedlings. 

The Fusarium isolate used in this study produced no 
disease and had no significant effect on the experiment. 
Fusarium subglutinans has previously been reported as 
a nursery pathogen (Barnard and Blakeslee 1980; 
Blakeslee et al. 1981; Dwinell 1988). This is the first 
report of F .  subglutinans in Maine. The isolate prob- 
ably induced vascular wilt on the nursery seedling from 
which it was cultured, but most likely lost pathogenicity 
when maintained in culture. Duchesne et al. (1988) 
report loss of pathogenicity when Fusarium isolates 
were maintained in culture longer than 3-4 weeks. The 
Fusarium isolate used in this experiment was main- 
tained in culture 8 weeks prior to seedling inoculation. 
Because the Fusarium isolate caused no disease and had 
no effect on growth parameters, the interaction of the 
disease with ethephon treatments, ectomycorrhizae, or 
drought couldnot beevaluated. The results ofthis study 
indicate that F.  subglutinans need not be pathogenic to 
colonize root tissue and evade surface sterilization. 
Previous studies also show Fusarium colonization of 
healthy root systems without symptoms (James and 
Gilligan 1984). 

Ethephon treatments have the potential to be a 
viable, simple method to control root growth of con- 
tainer-grown pine seedlings. Because ethephon can be 
easily applied as a root drench through the watering 
system, the treatments do not require expensive labor- 
intensive methods or equipment and could be easily 
incorporated into existing practices at tree nurseries. 
Outplanting studies of ethephon-treated seedlings are 
needed to determine the effects, if any, of ethephon on 
root out-growth into the surrounding soil. 
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Abstract 
This paper reviews the fertilization practices that are used to grow eucalyptus seedlings in Buenos Aires province. 
Special emphasis is placed on nitrogen and phosphorus fertilization and soil fumigation and how they relate to 
seedling growth and diseases. 

Resume 
Dans laprksente communication, on passe en revue les pratiques de fertilisation utilisies pour faire pousser les semis 
d’eucalyptus dans la province de Buenos Aires. L’accent porte principalement sur la fertilisation avec de l’azote 
et du phosphore et sur la fumigation du sol; on dkcrit les relations qui existent entre ces traitements d’une part et la 
croissance des semis et les maladies d’autre part. 

Introduction 
Successful establishment of commercial forests needs 
seedlings of the highest quality. The standard method 
of growing Eucalyptus species in the province of Buenos 
Aires is sowing in nursery beds and pricking out in 
plastic containers. Eucalypt seeds are usually very small 
and so have low nutrient reserves in the critical few days 
after germination. Most authors agree that the purpose 
of a nursery is to create an environment which is a 
compromise between the conditions under which the 
species is known to grow best and those under which it 
will have to grow when planted in the field. The nursery 
provides the growing medium required to provide 
“healthy” hardy and uniform transplants (Waite Research 
Institute 1972). 

The main purpose of this paper is to analyse the 
current status of the knowledge of Eucalyptus spp. 
nursery practice in our province and to indicate the 
needs for further research. 

Soil type 
The supply of soil for the nursery beds and for filling 
containers is one of the most important factors in 
seedling production. Most soils of the fertile regions of 
this province are typic Argiudolls. They are fairly high 
in organic matter, moderately acid, have a high base 
status and contain little available phosphorous. This 
local soil is the one used as substratum in nurseries. 
Since the volume of topsoil (A horizon) is limited in the 

nursery, when this is consumed, subsurface Bt horizon, 
with high content of clay and lower levels of nutrients 
is commonly used in containers. Nursery soil should 
not contain excessive amounts of organic matter. It 
must not compact into a clod nor must it be so sandy as 
to lose moisture quickly or disintegrate from around the 
roots when the transplant is handled. (Waite Research 
Institute 1972). 

Diseases 
As pointed out by Cellerino (1987), selecting a well- 
drained medium for seedling propagation and sowing 
seeds after temperature of the medium is warm enough 
to enhance germination helps reduce damping-off. 
Damping-off is the most common disease problem in 
nurseries. It is caused by such fungi as Pythium ultimum, 
Fusarium oxysporum, Rhizoctonia solani and 
Phytophthora cinnamomi (Sarasola 1959). Recently, 
Merlo (personal communication) reported Alternaria 
alternata affecting the early development of the seedlings 
in relation to temperatures over 27OC and soils with a 
very high organic matter content. 

Foliar diseases such as Oidium spp. and Botrytis 
cinerea are sometimes harmful in nurseries. Also, 
attacks by Cercospora epicocoides were reported by the 
above authors. When warranted, foliage pathogens, can 
be controlled with appropriate fungicides (captan and 
benlate). 
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Soil pathogens can be controlled by fumigation with 
sterilants such as methyl bromide (Hodges, 1987). This 
is the standard method used in nurseries in our province 
to control against weeds, nematodes, insects and 
pathogenic fungi. The dosage rates commonly used are 
504 g per 14 m2 (48 hours exposure and 48 hours 
aeration). Methyl bromide is an extremely toxic gas and 
it kills a wide range of organisms in the soil including 
beneficial ones. Donald (1968) found that results of 
experiments to control damping-off in Pinus spp. using 
methyl bromide and other fumigants were inconclusive 
and gains were not economically justified. 

Fert i l izat ion 

Inorganic fertilizers for the production of Eucalyptus 
spp. in forest nurseries in the Province of Buenos Aires 
are not commonly used although their use in many 
countries has been generally accepted. Barrett (1978) 
supports the view that the subject of plant nutrition is 
extremely complicated and that the type and timing of 
application, raising or lowering of soil pH, risk of 
fertilizer “bum,” and the effect of sterilants have to be 
considered. It is difficult to obtain adequate soil analyses 
and bulk density data. 

Soil compaction can restrict root development and 
nutrient uptake, which in turn can frequently reduce 
plant growth. The excellent studies of Foissner (1989) 
demonstrate the inhibitory effects on some soil organisms 
of even slight compaction and the dramatic reduction of 
life in severely compacted soils. He suggests that such 
changes probably result from reduced pore space and 
lower moisture content. Novais (1989) also reported 
that root growth was strongly reduced as the soil density 
increased from 1.30 (natural) to 1.70 g per cm3 (com- 
pacted). When subsoil is used as the substrate in our 
nurseries shoot and root growth may be reduced. 

With local soils of low Nand P content, problems of 
plant nutrition can occur. Trials to determine suitable 
levels of P and N for the production of eucalypts were 
carried out at the nursery of the Ministry of Agriculture. 
Eucalyptus camaldulensis responsed well to phospho- 
rous (P) fertilization. Applying fertilizers helps keep 
plants healthy. Unfortunately such fertilizers are not 
used regularly. The soils in which plants are pricked out 
have 1 to 7 ppm available. P. Uexkull, cited by Luna 
Flores ( 1972), considered that soils for raising seedlings 
should have P fertilizer added before sowing. 

Experiments were also conducted to determine if it 
was necessary to apply nitrogenous (N) fertilizers before 
seeds are sown. Addition of N fertilizer is not 
recommended by Barrett (1978). He suggests that it 
may promote damping-off fungi or render the seedlings 
more susceptible to damping-off. N deficiency is 

generally indicated by small, chlorotic foliage. Further- 
more, reduced growth and insufficient shoot develop- 
ment are typical symptoms of N deficiency (Huttl 
1986). Conversely, an over abundance of nitrogen can 
increase the potential of frostresistance (Friedlandcited 
by Huttl, 1986). Donald (1972) showed that a so-called 
optimum level of nutrients existed and that plants raised 
in soils with optimum nutrition grew vigorously in the 
nursery and survived and grew satisfactorily when field 
planted. 

Studies have been made to determine the appropri- 
ate levels of N at the nursery of the School of Agronomy. 
The nursery soil was analysed for total N and the 
suitable nutrient for the plants was then estimated. The 
estimated available nutrient in the soil was supple- 
mented by adding inorganic N fertilizer to bring N 
levels up to the optimum level. The inorganic fertilizer 
used was urea (46% N). The amount of urea to be added 
was then determined. Total N in the nursery soil beds 
was low. Table 1 shows the chemical composition and 
soil texture of the two seedbeds where the experiment 
was made. The amount of N added to the soil before 
sowing (in a randomized plot with four replications) 
was: N1: 5 g/m2, N2 : 10 g/m2 and T : 0 g/m2 (control). 
The soil had been previously treated with methyl bro- 
mide. The methyl bromide dosage rates used were: 
seedbed 1 (825 g/14 m2); seedbed 2 (504 g/14 m2). 

The results showed that (i) seedlings raised in fertil- 
ized plots (N1 and N2) in seedbed 1 did not germinate, 
(ii) seedlings grown with the N1 treatment in seedbed 
usually germinated well, and (iii) seedlings in the con- 
trol plots grew normally. This suggested that methyl 
bromide adversely affected nitrifying bacteria which 
decompose urea to nitrate (NO;): 

(NH, )2 CO + 2 H20 +(NH4 ) 2  CO, 
urea ammonium carbonate 

2 
( N H ) C O  + 4 0  -->2HNO + 3 H O + C O  

4 2  3 2 3 2 

ammonium carbonate nitric acid 

Nitrifying bacteria are required to oxidize ammonium 
carbonate to nitrate. This process which involves the 
conversion of urea to ammonium carbonate, then to 
nitric acid and then to nitrate requires 3 to 4 weeks 
(Tisdale 1970). 

From these observations we suspected that the euca- 
lypt seeds which we sowed were harmed by prolonged 
concentration of ammonia (NH,) in the soil. Williams 
and Hanks, cited by Barrett (1978), reported that “as 
fumigants tend to inhibit nitrifying bacteria and phos- 
phorous absorption, trouble may be experienced in 



achieving a satisfactory level of fertility.” If nitrifica- 
tion is inhibited, nitrites may accumulate in the soil and 
reach phytotoxic levels. Nitrifying bacteria are rather 
sensitive to factors such as aeration, temperature, 
humidity, the C/N ratio and levels of Ca and other 
nutrients. Also, there is no nitrification in winter and 
urea is absorbed as such (Malavolta 1987). 

A biological experiment was also carried out on the 
aforementioned nursery soils. Samples were taken 3 
months after treatment from the topsoil (0-10 cm) of 
both treated and untreated seedbeds. Data were col- 
lected (under laboratory conditions) to determine the 
NH; and NO, in the nursery soils treated with methyl 
bromide. There was NO; in the untreated soil. The 
number of microbe species in the treated soil was much 
less than in the untreated soil. This suggests that 
microorganisms necessary to oxidize NO; to NO, were 
affected by partial sterilization. Problems caused by 
soil sterilization have been reported by several authors 
and it is obvious that much more research is needed in 
this area. Barnes, cited by Barrett (1978), found indica- 
tions of mycorrhizal problems in treated soils. There is 
a great deal of interest today in mycorrhizal fungi which 
form symbiotic relationships that are beneficial to plants. 
Most eucalyt tree species form endomycorrhizae, de- 
pending on them for normal growth. Cordell er al. 
(1987) showed that seedlings grow poorly and do not 
respond to increased fertilization in nurseries where 
cultural practices such as soil fumigation have reduced 
ectomycorrhizal fungus populations. 

Further experiments were initiated to clarify the 
connection between the dosage rates of methyl bromide 
used and the amount of urea added to the soil. One 
nursery bed was sterilized with 564 g/14 m2 and another 
was left untreated (control). The soils were fertilized 
with urea at 5,7.5, 10 and 0 g/m2 (control). The results 
showed that (i) plants grown in sterilized soil at the 5 g 
N/m2 level grew vigorously, (ii) germination failed to 

occur in the 10 g N/m2 treatment, and (iii) seedlings 
raised in the untreated soil with nitrogen at 5,7.5 and 10 
g/m2 germinated well. However, there were fewer 
plants in the 5 g N/m2 treated soil. These results suggest 
the effects of methyl bromide. The dosage rates used in 
this experiment were between those used in the nursery 
beds in the previous trial. Methyl bromide soil 
sterilization increased germination and seedling height 
growth. Whether this is a result of controlling insects 
and pathogenic fungi is unknown. The nursery failures 
that occurred in the experiment with the higher dosage 
of sterilants have been shown to be the result of 
phytotoxicity. 

Russell and Hutchinson, cited by Foissner (1989), 
suggested that “sick” soils owed their infertility to low 
bacterial activity and that bacterial activity was inhibited 
by some factor which was removed by partial 
sterilization. They thought that this inhibitory factor 
was the protozoan fauna. 

Foissner (1989) highlights the potential importance 
of soil protozoa as bioindicators. The contribution of 
protozoa to the productivity of soils around the world 
suggests that changes occurring in the community 
structure of protozoa in stressed areas should not be 
overlooked. The excellent review of this author suggests 
the importance of protozoa as a potential means of 
controlling soil-bome diseases. Also, Cordell et al. 
(1 987) emphasized and that any estimation of seedling 
quality that excludes quantitative and qualitative 
mycorrhizal assessments are incomplete and unrealistic. 

Acknowledgements 

The helpful comments of DraPerla Imbellone (National 
University of La Plata) are acknowledged. Particular 
thanks are due to Ing. Agr. Jorge Gimenez (National 
University of La Plata) who constructively critized the 
paper. 

Table 1. Nursery soil data (school of agronomy) 

Available Total O M  PH Field Sand (a) Silt (%) Clay (%) 
Seedbed P (ppm) N (%) (%) (paste) capacity (%) 

1 24 0.189 4.3 6.4 24.8 38.2 42 19.8 
2 15 0.168 3.8 5.6 26.0 36.2 40 23.8 
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Abstract 
Severe damage from a woolly fir aphid was reported on white fir (Abies concolor [Gord. & Glend.] Lind.) and 
bristlecone fir (A. bracteata D. Don) nursery seedlings at Placerville, Califomia in 1987. This aphid was tentatively 
identified as Mindarus victoria Essig (Dr. D. Voegtlin, personal comm. to Dr. L. E. Ehler). This is the first known 
report of M .  victoria in Califomia and the first time this species, which has four distinct forms, has been reported 
on white fir or bristlecone fir nursery stock. The first form is the fundatrix (stem mother), which hatches from 
overwintering eggs and eventually gives birth to live young (viviparous) without mating (parthenogenesis). The 
nymph feeds on developing needles and matures into fundatrigenia (viviparous female). This form produces several 
generations of both apterous (wingless) and alate (winged) aphids from May to August. A few of these 
parthenogenetic individuals develop into alate sexupara. The sexupara matures in July and August to produce the 
fourth form or sexuales (males and sexual females). The female mates and lays 1 or 2 overwintering eggs. In the 
nursery environment, the life cycle of this aphid apparently extends 30 to 60 days beyond the seasonal life cycle of 
the forms collected by E.O. Essig from Victoria, British Columbia in 1939. This difference in biology may indicate 
a possible biotype or new species for the Sierra Nevada in central Califomia. 

Resume 
De graves dkgiits causCs par un puceron lanigkre B des semis de sapin concolore (Abies concolor [Gord. & Glend.] 
Lindl.) et de sapin bracttifkre (Abies bracteata D. Don) ont ttt signalts dans des pCpinibres de Placerville, en 
Califomie, en 1987. Ce puceron a CtC provisoirement identifie comme Ctant Mindarus victoria Essig (Dr. D. 
Voegtlin, comm. pers. au Dr. L.E. Ehler). C’est la premibre fois que M .  victoria est signal6 en Califomie et que la 
prtsence de cette espbce qui comporte 4 formes distinctes est rapportte sur des semis de sapin concolore et de sapin 
bracttifkre poussant en ptpiniere. Lapremikre formeest celle de la fondatrice (femelle d’origine) qui CclGt des oeufs 
d’hiver et finit par donner naissance par parthCnogCnbse (sans accouplement) B des petits vivants. Au stade nymphal, 
les individus se nourrissent des jeunes aiguilles en cours de dtveloppement et deviennent fondatrigbnes (femelle 
vivipare) 2 maturitC. Cette forme produit plusieurs gtntrations d’aphides aptkres (sans aile) et ail& de mai B aoQt. 
Quelques-uns de ces individus parthogtnttiques se transforment en sexupares ailks. Ces demiers atteignent la 
maturitt enjuillet et aoQt et produisent les deux sexes (individus miiles et femelles), la quatrikme et demibre forme. 
Les femelles s’accouplent et pondent 1 ou 2 oeufs d’hiver. En pkpinikre, le cycle vital de ce puceron dkpasserait 
de 30 B 60 jours celui des formes recueilles par E.O. Essig de Victoria, en Colombie-Britannique, en 1939. Cette 
diffkrence au niveau du cycle biologique pourrait rCvCler la prksence d’un biotype particulier ou d’une nouvelle 
espbce dam la sierra Nevada, dans le centre de la Califomie. 
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Abst rac t  

Damage by the aphidMindarus victoria Essig was first reported in white fir (Abies concolor [Gord. & Glend.] Lindl.) 
nursery beds at Placerville, Califorhia, in 1987. A total of 11 different insecticide formulations were tested for 
control of this aphid. One early application of acephate, chlorpyrifos, diazinon, dimethoate and fluvalinate 
significantly reduced aphid infestations for at least 73 days; a second application of each insecticide significantly 
reduced aphid populations for the entire season in 1988. One remedial application of dimethoate, esfenvalerate, 
cyfluthrin and fluvalinate significantly reduced aphid populations in 1989. Carbaryl, azadirachtin, and soap were 
apparently not effective against this aphid in the nursery environment. Two applications of acephate had a negative 
effect upon seedlings by causing a significant reduction in height growth. 

Resume 

Les dommages causts par le puceron Mindarus victoria Essig ont CtC signal& pour la premiere fois dans des lits de 
semis de sapi concolore (Abies concolor [Gord. & Glend.] Lindl.) APlacerville, Califomie, en 1987. 1 1 prtparations 
insecticides diffkrentes ont CtC testtes pour la lutte contre ce puceron. Une application prCcoce d'acdphate, de 
chlorpyrifos, de diazinon, de dimethoate et de fluvalinate a rCduit considtrablement les infestations par ce puceron 
pendant au moins 73 jours; une deuxihme application de chacun de ces insecticides a reduit de la m&me manihe la 
population pendant toute la saison en 1988. Une application aprhs infestation de dimCthoate, d'esfenvaltrate, de 
cyfluthrine et de fluvalCnate a beaucoup rtduit la population en 1989. Le carbaryle, I'azadirachtine et le savon 
n'ttaient apparemment pas efficaces contre ce puceron dans l'environnement de la pCpinihre. Une double application 
d'aciphate a eu un effet dgat i f  sur les semis : on a observC une reduction importante de la croissance en hauteur. 

In t roduc t ion  

In 1987, a woolly fir aphid (Mindarus sp.) was first 
noticed in the USDA Forest Service Nursery at 
Placerville, Califomia, in the central Sierra Nevada. 
Initial infestations were on 2-0 seedlings of white fir 
(Abies concolor [Gord. & Glend.] Lindl.), and bristle- 
cone fir (A. bracteata D. Don). This particular aphid 
was initially identified in 1987 as the balsam twig aphid 
(Mindarus abietinus Koch.). 

The environment in the Placerville Nursery appar- 
ently has extended the life cycle of this aphid from that 

were submitted to Dr. David Voegtlin, Illinois Natural 
History Survey, for identification. When compared 
with a description published by Essig (1939), this ma- 
terial was tentatively identified as Mindarus victoria 
Essig (Dr. L. Ehler, personal communication). This is 
the first known report of M .  victoria infesting nursery 
stock, and the first time this species has been reported on 
bristlecone fir. 

In 1987, damage to 1-0 stock resulted in curled 
needles and an enlarged, club-like apex of current 
growth, in conjunction with the formation of an abnor- - 

reported in the literature by at least 30 to 60 days (Ferrell 
1989; Nettleton and Hain 1982). Also, the winged or 
alate stage migrates into 2-0 white fir beds in May and 
into the 1-0 white fir beds in early August. Due to this 
atypical life cycle for the balsam twig aphid, several 
collections from the nursery and white fir plantations 

mal bud rosette. On 2-0 seedlings, M .  victoria feeds on 
elongating shoots causing discoloration and curling of 
new needles and distortion of terminal growth. Re- 
tarded bud formation and tip dieback could result in 
increased mortality or a decrease in root growth capac- 
ity during the first year of outplanting. 
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Effective chemical control has been reported for 
Minuizrus in Abies Christmas tree plantations in Maine 
and North Carolina (Bradbury and Osgood 1986; 
NettletonandHain 1982; Osgood 1977; Saunders 1969). 
However, multiple applications of malathion in 1987, 
did not appear to reduce damage or control infestations 
of M. victoria, in either 1-0 or 2-0 white fir nursery beds 
at the Placerville Nursery. In 1987, the cull rate for 2- 
0 white fir seedlings was 47%. In the past, normal cull 
rates for white fir grown in this nursery usually range 
between 20 and 30%. Therefore, we assume that M. 
victoria was probably responsible for an increase in the 
cull rate and the rejection of 227 O00 to 360 O00 white 
fir seedlings. 

In 1988 and 1989, we evaluated a total of 11 insec- 
ticides for control of M. victoria infesting 2-0 white fir 
seedlings to determine (a) the minimum number of 
applications of each insecticide needed to adequately 
reduce initial populations of M. victoria, (b) which 
insecticides were effective on midseason aphid colo- 
nies, and (c) phytotoxic effects of each insecticide to the 
buds and new foliage. 

Materials and methods 
Study location 
This study was conducted at the Placerville Nursery 
(administered by the Eldorado National Forest), which 
is located 4.8 km north of Placerville, Califomia. The 
nursery is surrounded by a mosaic of natural forest, fruit 
orchards, and Christmas tree plantations. 

Many (20% or more) of the white fir seedlings 
processedin December 1987 were severely damaged by 
M. victoria. Inspection of 1-0 seed beds on 17 February 
1988 indicated that a significant portion of 1.6 ha (4.5 a) 
of white fir seedlings (1.8 million) was infested with M .  
victoria, and had sustained damage during the first 
growing season. 

Experimental design 
The experiment was conducted as a randomized split- 
plot design in 1988 and a completely randomized de- 
sign in 1989. In 1988, one of six treatments (five 
insecticides and an untreated check) was randomly 
assigned to each white fir bed. Once the treatments had 
been assigned, each white fir bed (replicate) was subdi- 
vided into three 3x1 m plots, and randomly assigned a 
number from 1 to 3. The number of each plot deter- 
mined the number of applications of a specific insecti- 
cide. Each of the 15 insecticide treatments (five insec- 
ticides times three applications) had 11 replicates, and 
untreated controls had 30 replicates. In 1989, white fir 
beds were again subdivided into three 3x1 m plots and 
numbered consecutively. Each of the nine treatments 
(eight insecticides and an untreated check) were ran- 
domly assigned to the plots. Each treatment was repli- 
cated 10 times. 

The 1 1 insecticides and dilutions tested in 1988 and 
1989 are listed in Table 1. Insecticides in both years 
were applied using a pressurized garden sprayer with a 
single hand-held nozzle. The application rate for each 
chemical was approximately 153 l/ha (100 gal/a). 

Table 1. Insecticides and application rates for tests of efficacy against Mindarus victoria 
infesting 2-0 white fir at the Placerville Nursery 

Common name Formulation 
Application rate Year 

(kg ai/ha) 1988 1989 

Acephate 
Chlorpyrifos 
Diazinon 
Dimethoate 
Carbaryl 
Carbaryl 
Esfenvalerate 
C yfluthrin 
Fluvalinate 
Azadirachtin 
Soap 

Orthene 75s (75% SC) 
Dursban 4E (44.4% EC) 
Diazinon (25% EC) 
Cygon (23.4% EC) 
Sevimol(40% SC) 
Sevin SL (41.2% SC) 
Asana XL (8.4% EC) 
Tempo 2W (20% WP) 
Mavrik 2E (25% EC) 
Margosan-0 (0.3% EC) 
Safer Soap (49%) 

0.56 
0.56a 
0.56 
1.12 
1.12 
1.12 
0.06 
0.06 
0.06 
0.02 
6.10 

X 
X 
X 
X X 

X 
X 
X 
X 

X X 
X 
X 

aFirst application of chlorpyrifos was at the rate of 0.56 kg ai/ha, as reported in Nettleton and Hain (1982). The 
second application was at the labeled rate of 0.28 kg ai/ha. 
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The white fir beds were examined before the first 
insecticide application and every week thereafter through 
September. At each examination, four sample points 
within each plot were located by a random coordinate 
system. At each sample point, five seedlings were 
examined and the proportion infested by M .  victoria 
was recorded. 

In 1988, insecticides were first applied on 28 March, 
to precede terminal bud flush and to coincide with the 
first appearance of aphids in the spring. When the aphid 
infestation rate in the insecticide-treated plots increased 
to a threshold of lo%, a second insecticide spray was 
applied (27 May) to the remaining two-thirds of each 
treatment plot. After the second treatment, M .  victoria 
infestation rates were again monitored to determine 
whether a third spray would be applied to the remaining 
one-third of the treatment beds. A natural decline of the 
M .  victoria population in late June eliminated the need 
for a third spray. In 1989, insecticides were applied on 
11 July to seedlings with established aphid colonies. A 
second application of azadirachtin and soap occurred on 
18 July. 

Growth after treatment 
Seedlings were examined in both years for phytotoxic 
effects to the foliage for two consecutive weeks after 
each insecticide application. The percentage of discol- 
ored needles on both infested and uninfested seedlings 
was visually estimated 7 and 14 days after treatment. In 
addition to foliage estimates, two sampling points in 
each treatment were flagged, and 10 seedlings were 
selected for measurement. Once every 14 days during 
shoot elongation, and in conjunction with aphid sam- 
pling, height and caliper were monitored. These mea- 
surements were taken from June to October 1988, and 
from bud break until the end of the growing season in 

1989. Height measurements were taken from the coty- 
ledon scar to the tip of the visible stem or the nearest tip 
of the bud. Seedling diameter was measured directly 
below the cotyledon scar. In November 1988, four 
randomly selected sample points were established in 
each treatment bed, and five seedlings were examined 
for apical bud damage at each sample point. 

Analysis 
Although the experiment in 1988 was conducted as a 
split plot design, single and double treatment applica- 
tions were analyzed separately due to non-homoge- 
neous variances. Differences among insecticides in the 
proportion of seedling's infested with M .  victoria, with 
apical bud damage and differences in height and diam- 
eter were evaluated by analysis of variance for all data 
in 1988 and 1989. Dunnett's multiple comparison 
procedure was used to make pairwise comparisons of 
differences between treatment means and the untreated 
control, at an experiment-wise alpha level of 0.05 
(Dunnett 1955). 

Results and discussion 
Aphid control 

A single application of all the tested insecticides in 1988 
(acephate, chlorpyrifos, diazinon, dimethoate, and 
fluvalinate) significantly reduced the percentage of 2-0 
white fir seedlings infested with M .  victoria from 38 
through 73 days after spraying (Table 2). The March 
spray was applied at anticipated egg hatch. Despite the 
29-day lapse between the first spray application and 
initial aphid migration into the 2-0 white fir beds, 
insecticide residues on the foliage apparently were 
sufficient to decrease the survival of arriving aphids and 
reduce the number of resulting M .  victoria colonies. 

Table 2. Percentage of 2-0 white fir seedlings infested with Mindarus victoria after a single application of insecticide 
on 28 March 1988 

. Treatment N Prespray 16days 38days 51 days 59days 73days 
~ 

Acephate 11 0.0 0.0 0.0 7.7"a 11.4" 9.1" 
Chlorpyrifos 11 0.0 0.0 2.3 8.2" 11.4" 4.1" 
Diazinon 11 0.0 0.0 0.0 6.8" 12.7" 9.1" 
Dimethoate 11 0.0 0.0 0.0 6.4 6.4" 9.1" 
Fluvalinate 11 0.0 0.0 0.0 8.6" 8.6" 10.9" 
Untreated 30 0.0 0.0 5 .O 35.0 39.0 30.5 

L S D ~  5.1 21.6 22.8 14.8 

a Treatments with an asterisk differ significantly from the control at the 5% level (Dunnett 1955). 
Least significant difference value. 
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Although all the insecticides we tested were effec- 
tive in 1988, the application rates of acephate and 
chlorpyrifos, at 0.56 kg active ingredient per hectare 
(0.5 lbs ai/a), were twice the recommended labeled 
rates. Based upon results from a concurrent operational 
effort at the Placerville Nursery, acephate appeared to 
be ineffective when applied twice as an operational 
spray in 1988 at the recommended rate of 0.28 kg ai/ha 
(0.25 lbs ai/a) during the growing season (B. Scheuner, 
personal communication). Our success at significantly 
reducing Mindarus infestation c t e s  with acephate at 
0.56 kg ai/ha suggests an increase in the recommended 
application rate will be necessary. 

The M. victoria population apparently recovered 5 1 
days after the initial insecticide application (Table 2). A 
second spray was applied on 27 May as the infestation 
rate in treated beds reached an arbitrary threshold estab- 
lished at 10%. All five insecticide treatments immedi- 
ately caused a significant reduction in aphid-infested 
seedlings for 27 days after spraying (Table 3). The three 
insecticides without systemic properties (fluvalinate, 
chlorpyrifos, and diazinon) caused nearly a threefold 
reduction in the percentage of infested seedlings. The 
two systemic insecticides (acephate and dimethoate) 
reduced aphid populations to zero or close to zero. 
Chlorpynfos was efficacious for the second spray treat- 
ment at the labeled rate of 0.28 kg ai/ha. This was half 
the effective rate used by Nettleton and Hain (1982) in 
Christmas tree plantations. 

By 6 July, M. victoria populations naturally de- 
clined. Therefore, the third insecticide application was 
not necessary after the first week of July. 

One half of the insecticides tested on established 
aphid colonies in 1989 were effective. Esfenvalerate, 
cyfluthrin, and fluvalinate significantly reduced in- 

fested seedlings for 15 days (Table 4). Dimethoate, 
with its systemic properties, significantly reduced in- 
fested seedlings for at least 22 days. Once again the 
pyrethroids caused a threefold to fourfold reduction in 
aphid colonies, whereas the reduction associated with 
dimethoate approached 100% and the effects lasted 
longer. Azadirachtin, soap and both formulations of 
carbaryl were not effective for this aphid in a nursery 
environment with daily watering. 

Host plant effects 
The single application of all insecticides in 1988 signifi- 
cantly reduced the percentage of seedlings with dead 
apical buds at the end of the growing season (Table 5). 
A second application of any of the five insecticides 
afforded significant protection of the terminal buds. 
Apical bud damage did not appear to differ among the 
single and double spray applications for any of the five 
insecticides. 

Three of the insecticides had a significant effect 
upon growth of 2-0 white fir seedlings. The first spray 
in 1988 was applied when lateral buds were open with 
new foliage less than 2.5 cm in length. Chemicals were 
purposely applied before terminal bud burst to mini- 
mize potential toxic effects on new terminal foliage. 
The second application in 1988 and the midseason 
application in 1989 were made when new growth was 
present on both terminal and lateral branches. None of 
the treatments applied to new lateral or terminal growth 
had any apparent impact upon foliage coloration. Seed- 
lings treated with the double application of two of the 
insecticides significantly affected seedling growth for 
12 weeks after spraying (Table 6): acephate caused a 
96% reduction in height growth associated with a 196% 
increase in seedling diameter; and diazinon had a posi- 

Table 3. Percentage of 2-0 white fir seedlings infested with Mindarus victoria after a second insecticide 
application on 27 May 1988 

Treatment N Prespray 6 days 13 days 27 days 41 days 

11 11.4 0.9*a 0.0" O S *  0.0 
11 11.4 O S *  0.0" 4.6* 0.0 

Acephate 
Chlorpyrifos 
D i a z i n o n 11 12.7 o.o* o.o* 6.8* 0.0 
Dimethoate 11 6.4 o.o* 0.0" o.o* 0.0 
Fluvalinate 11 8.6 4.6* 3.6* 5.5" 0.0 
Untreated 30 39.0 41.7 30.5 15.0 0.0 

b 

LSDc 19.7 21.9 7.5 

Treatments with an asterisk differ significantly from the control at the 5% level (Dunnett 1955). 
The second application of chlorpyrifos was at the registered rate of 0.25 Ibs active ingredient per acre. 
Least significant difference value. 
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Table 4. Percentage (SEM) of 2-0 white fir seedlings infested with Mindurus victoria after insecticide 
application on 11 July, 1989 

Prespray 8 days 15 days 22 days 30 days 
Treatment N (711 0)  (711 8) (7125) (811) (819) 

Esfenvalerate 10 21.5 7.5*a 15.5* 
Cyfluthrin 10 21.5 5.0" 15.5* 
Fluvalinate 10 19.0 6.0* 10.5" 
Azadirachtin 10 28.5 25 .O 29.5 
Carbaryl 10 30.5 22.0 38.0 
Carbaryl (SL) 10 34.0 21.5 39.5 
Dimethoate 10 33.5 1 .o* o.o* 
Soap 10 28.5 28.5 36.5 
Untreated 10 32.5 34.0 45.0 

10.0 23.5 
16.0 21.5 
7.5 13.0 

13.0 8.0 
19.5 9.0 
23.0 10.0 

5.5" 9.0 
19.0 17.0 
20.0 15.0 

L S D ~  21.1 18.9 . 18.3 14.0 14.5 

a Azadirachtin and soap were sprayed a second time on 18 July Treatments with an asterisk differ significantly from the control 
at the 5% level (Dunnett 1955) 
Least significant difference value. 

tive effect upon white fir growth with a 169% increase 
indiameter andno significantreduction in height growth. 
In 1989, six applications of azadirachtin also had a 
positive effect upon growth with a significant increase 
of 53% in seedling height (Table 7). 

Conclusions 
One (spring) or two (spring and summer) applications 
of acephate, chlorpyrifos, diazinon, dimethoate, and 
fluvalinate insecticides significantly reduced the per- 
centage of aphid-infested 2-0 white fir seedlings. Es- 
tablished aphid colonies were also significantly re- 
duced with one summer application of either dimethoate, 
esfenvalerate, cyfluthnn, or fluvalinate. With the com- 
bination of two spray applications each insecticide 
appeared to extend the period of reduced infestation 
until the time when M .  victoria populations declined 
naturally. The second chlorpyrifos spray, at the labeled 
rate of 0.28 kg ailha, was efficacious even when reduced 
to half the effective application rate for a similar aphid 
species in Christmas tree plantations (Nettleton and 
Hain 1982; Osgood 1977). 

If a viable terminal bud is important to seedling 
survival in plantations, a single spray application early 
in the aphid infestation apparently will significantly 
increase live apical buds on nursery stock destined for 
spring planting, and there is no particular advantage to 
spraying a second time. 

Phytotoxicity was not apparent with the application 
of chlorpyrifos, diazinon, dimethoate, esfenvalerate, 
cyfluthrin, and fluvalinate in 1988 or 1989. Therefore, 

we believe that an early season spray of any of these six 
insecticides could be applied after the appearance of 
terminal shoot growth. This would allow a manage- 
ment program to better assess M .  victoria infestation 
potential and manipulate spray schedules to correspond 
with aphid biology and existing cultural practices within 
the nursery. We also believe that with a spray applica- 
tion after the appearance of the fundatrix stage of this 
aphid in late spring, the window of chemical effective- 
ness would occur during the aphid population increase 
and may eliminate the need for repeated applications 
during the same growing season. 
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Table 5. Percentage of 2-0 white fir seedlings with dead terminal buds previously 
infested with Mindarus victoria. November 1988 

Insecticide applications 
Treatment Single Double 

Acephate 
Chlorp yrifos 
Diazinon 
Dimethoate 
Fluvalinate 
Untreated 

5.9"a 
6.8" 

12.7" 
6.4" 

10.5" 
65.7 

6.4" 
5.5" 
7.3" 
5.0" 
5.0" 

65.7 

L S D ~  8.3 7.6 
a Treatments with an asterisk differ significantly from the control at the 1% level (Dunnett 1955). 

Least significant difference value. 

Table 6. Mean difference in height and diameter growth (June 23 - October 27) of 2-0 white 
fir seedlings sprayed twice with insecticides at Placerville Nursery, 1988 

Treatment N Height (cm) Diameter (mm) 

Acephate 2 0.05*a 1.06* 
Chlorpyrifos 1 0.40 0.38 
Diazinon 2 0.95 0.91" 
Dimethoate 2 1 .oo 0.79 
Fluvalinate 2 0.30 0.54 
Untreated 4 1.30 0.54 

L S D ~  1.10 0.36 
aTreatments with an asterisk differ significantly from the control at the 5% level (Dunnett 1955). 

Least significant difference for chlorpyrifos was 1.42 for height and 0.47 for diameter. 

Table 7. Mean difference in height and diameter growth (March 13 - November 17) of 2-0 
white fir sprayed with insecticides at the Placerville Nursery, 1989 

Treatment N Height (cm) Diameter (mm) 

Esfenvalerate 10 6.17 1.55 
Cyfluthrin 10 7.40 1.70 
Fluvalinate 10 6.28 1.84 
Azadirachtina 10 9.42*b 1.90 
Carbaryl 10 8.03 1.76 
Carbaryl (SL) 10 7.88 1.80 
Dimethoate 10 8.08 1.94 
Soapa 10 8.42 1.72 
Untreated 10 6.16 1.74 

LSD 3.15 0.67 
aAzadirachtin and soap were sprayed six times.during the growing season. 

Treatments with an asterisk are significantly different from control at the 5% level (Dunnett 1955). 
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Abstract 
Two-year-old Chamaecyparis obtusa seedlings were inoculated with Pestalotiopsis glandicola under a variety of 
experimental conditions. Seedlings wounded artificially were seriously affected, while the unwounded seedlings 
remained healthy. A long moist post-inoculation period did not enhance infection. Disease severity decreased from 
severe to slight on seedlings inoculated immediately after wounding, and 3, 7, 14 or 21 days later. Seedlings 
inoculated in July or August were severely affected while inoculations in June or September, or May or October 
resulted in slight to almost no disease. Laboratory inoculations showed that the shoots collected in July, August, 
and September were susceptible, and that temperatures of 20 to 30°C favored disease development. These results 
corroborate field observations that the disease occurs on seedlings with fresh wounds during the summer. 

Rbume 
Cette Ctude consistait 2 inoculer, dans diverses conditions exPCrimentales, Pestalotiopsis glandicola B des semis de 
Chamaecyparis obtusa 2gbs de deux ans. Les semis lksbs artificiellement ont montrk des signes pathologiques 
graves tandis que les semis non lCsCs sont demeurCs sains. La soumission des semis B une pCriode postinoculatoire 
longue et humide n'a pas aggravk l'infection. Le degrt de gravitC de la maladie dkcroissait selon que les semis avaient 
CtC inoculCs immtdiatement aprt?s la lesion ou 3,7,  14 ou 21 jours plus tard. Les semis inoculCs en juillet ou en aoQt 
ont rCvClC des signes pathologiques graves tandis que ceux inoculCs en juin ou en septembre ou encore en mai ou 
en octobre n'ont affichb que peu ou pas de signes pathologiques. Les inoculations en laboratoire ont indiquC que 
les pousses rCcoltCes en juillet, aoClt et septembre Ctaient vulnbrables et que lamaladie se dCveloppait plus facilement 
B des tempkratures se situant entre 20 OC et 30 "C. Ces rCsultats confirment les observations in situ voulant que la 
maladie survienne 1'CtC sur des jeunes plants frafchement 1CsCs. 

Introduction 
Although Pestalotia needle blight occurs on various 
conifers in nurseries, it is most severe on Chamaecyparis 
obtusa (Sieb. & Zucc.) End .  seedlings. Recently, the 
importance of the pathogen has increased due to the 
increased production of Chamaecyparis seedlings. To 
determine the effect of environmental factors on 
Pestalotia infection of Chamaecyparis seedlings, in- 
oculation tests were made in 1986-1988 at Shimane 
Prefecture (Japan) using a variety of experimental con- 
ditions. 

Materials and methods 
Field experiments 
A single conidiospore isolate of Pestalotiopsis 
glandicola (Castagne) Steyaert was used in the experi- 
ments. Conidia for inoculation were obtained by grow- 

~~ 

irradiation from a black-light fluorescent lamp. The 
spore suspension (8x104 conidia/mL), with Tween 20 
(polyoxyethylene sorbitan monolaurate) as a spreader, 
was sprayed onto seedlings. Control (check) seedlings 
were sprayed with sterile distilled water. 

Inoculations were made on 2-year-old potted C. 
obtusa seedlings. There were 15 inoculated seedlings 
and five control seedlings in each treatment. In most 
tests seedlings were wounded by rubbing the needles 
and twigs with sandpaper immediately before inocula- 
tion. After treatment, inoculated and control seedlings 
were usually enclosed in polyethylene bags for 2 days. 

Inoculations were made in either late July or early 
August, and the seedlings were examined 15 days after 
inoculation. Disease severity for each seedling was 
rated as follows: 0 =no disease, 0.5 =five lesions or less, 
1 = 6 to 10 lesions, 2 = 11 to 20 lesions, 3 = 21 to 30 
lesions, 4 = over 3 1 lesions. A severity infection index 

ing the fungus on potato-sucrose agar under continuous 
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for each treatment was then calculated according to the 
formula: 

On, + OSn,,, + In, + 2n, + 3n, + 4n4 

N 

Where N = the total number of seedlings of each 
treatment and no, no,,, ..., n4 are the number of seedlings 
in each index. 

Laboratory experiments 
To determine if the month of inoculation affected dis- 
ease development, shoots (6 cm in length) were col- 
lected from 2-year-old Chamaecyparis seedlings each 
month from May to October, 1987. They were rubbed 
with sandpaper, and dipped into a suspension of P.  
glandicola conidia. Each shoot was then placed in a 
petri-dish with moist filter paper and cotton and the 
dishes incubated at 15,20,25,30, or 35°C. 

Ten shoots were used for each treatment and 10 days 
after inoculation disease severity was rated as follows: 
- =no  disease, + = one-third of the shoot affected, ++ = 
one-half of the shoot affected, and +++ = two-thirds of 
shoot affected. Average disease severity of each treat- 
ment was then calculated. 

Results 
Influence of wounding on disease development 
Seedlings were wounded immediately before inocula- 
tion or left unwounded. They were kept moist for 
different periods after inoculation. Wounded seedlings 
were seriously affected regardless of the period for 
which they were kept moist while non-wounded seed- 
lings remained healthy even when kept moist for long 
periods. No disease was observed on control seedlings 
(Figure 1). On diseased seedlings yellow spots ap- 
peared on needles and twigs 7 days after inoculation. 
The lesions then developed rapidly and tumed brown. 

Duration of needle wetness to disease severity 
Seedlings were wounded immediately before inocula- 
tion, and kept under moist conditions for different 
periods of time. The inoculations were made in the 
evening before dew fell. 

Seedlings were seriously affected regardless of the 
period they were kept moist, even in the pots not 
covered by bags. No disease was observed on control 
seedlings (Figure 2). 

Znfluepce of the time of wounding 
before inoculation 
Seedlings were inoculated at different times after wound- 
ing and kept moist for 2 days. Seedlings inoculated 
immediately after wounding or 3,7,14 or 21 days later 
resulted in disease severity ratings of serious, moderate, 
and slight, respectively. No disease was observed on 
the control seedlings (Figure 3). 

Wounded seedlings Healthy seedlings 
h Inoculation Check Inoculatlon Check 

E 0 1 2 3 4  
a W INFECTION INDEX 

Figure 1. Influence of wounding on disease severity. 

INFECTION INDEX W 
0- 

Figure 2. Influence of length of moist period on disease severity. 

- Experiment-] 0986) Experiment-11 (1987) 
.- 6 inoculation Check inoculation Check 

Figure 3. Influence of the time of wounding before inoculation on 
disease severity. 
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Influence of month of inoculation 
Field experiments. Inoculations were made each month 
from May to October. Seedlings were inoculated im- 
mediately after wounding and kept moist for 2 days. 

Disease severity ratings for seedlings inoculated in 
July or August, June or September, or May or October 
were serious, slight, and almost nil, respectively. No 
disease was observed on control seedlings (Figure 4). 

Laboratory experiments. The shoots collected in July, 
August, and September were seriously affected at 20, 
25, and 30"C, but much less so at 15 and 35°C. Shoots 
collected in May, June, and October were only slightly 
affected or uninfected, regardless of temperature (Table 
1). 

Discussion 
The fungus Pestalotiopsis (Pestalotia) generally enters 
host tissue through wounds (It0 1974). The results of 
the present study showed that wounding of needles and 
twigs was necessary for infection of seedlings of C. 
obtusa with P. glandicola. Inoculations of C. obtusa 
with Pestalotia chamaecyparidis Sawada resulted in 
disease when seedlings were wounded before inocula- 

Experiment - I  
inoculation 1 + 

' AUGUST 
2 SEPTEMBER 

OCTOBER 

z 
0 z 
z 

k 

t 
3 

0 1 2 3 4  

Experiment II-(l987) 
Inoculation Check 

- 
- 
- 
- 
- 
- 

/ /  
0 I 2 3 4  

INFECTION INDEX 

Figure 4. Influence of month of inoculation on disease severity. 

tion (It0 and Kontani 1954). Field observations indi- 
cated that the disease started on seedlings that were 
wounded by strong wind, damaged in transportation, or 
injured by insects (Suto 1974, 1984). 

A long, moist post-inoculation period was not nec- 
essary for disease development. Under moist condi- 
tions conidia of the fungus germinate and the germina- 
tion tubes penetrate host tissue within one night. 

In the case of Pestalotia vine rot of grape (Vitis 
vinifera L.), caused by P. menezesiana Bresadola and 
Torrend, disease severity decreased as the period from 
wounding to inoculation increased (Ozoe et al. 1967). 
With P. glandicola, disease severity was greatest near 
wounds on Chamaecyparis seedlings, especially when 
the wound was made just before inoculation. Old 
wounds healed, which resulted in no disease. 

Gray blight of field-grown tea (Cameria sinensis 
(L.) 0. Kunze) caused by Pestalotia longiseta Spegazzini 
is most severe during July and August. Also, tea plants 
are most susceptible when inoculated in August 
(Hirokawa 1984). The optimum temperature for infec- 
tion of grape with P. menezesiana was 25 and 30°C 
(Ozoe et al. 1967). In the present study disease was 
most severe when field-grown Chamaecyparis seed- 
lings were inoculated during July and August. Labora- 
tory inoculations corroborated these observations and 
also showed that September-collected shoots were also 
seriously affected. Inoculation of the shoots showed 
that temperatures of 20, 25, and 30°C favored the 
disease. Susceptibility of Chamaecyparis seedlings to 
infection is complex, and depends on the stage of 
seedling development and temperature. 

The results of the present study suggest that fresh 
wounds during hot summers are major factors contrib- 
uting to disease outbreaks on Chamaecyparis seed- 
lings. Benomyl and thiophanate-methyl, both systemic 

Table 1. Influence of month of inoculation and temperature on disease severity (caused by Pestalotiopsis 
glandicola) of Chamaecyparis obtusa. 

Date of collection and inoculation of shoots 

Temperature May 21 June 20 July 21 Aug. 25 Sept. 14 Oct. 16 
("C) 

a 15 + + + 
20 + ++ +++ ++ 
25 + + +++ +++ +++ + 
30 + +++ +++ ++ + 
35 ++ ++ + + 
aDisease severity ratings: -No disease, + one-third of the shoot affected, ++ one-half of the shoot affected, +++ two-thirds of the shoot affected. 
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fungicides, were quite effective in controlling this dis- 
ease. Good curative effects were obtained even when 
the fungicides were applied a few days after inoculation 
(Suto and Kanamori 1988). The time at which these 

fungicides are applied is an important factor in control 
and suggest that nurserymen should apply the fungi- 
cides immediately after seedlings are wounded. 
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Abstract 

Six species of Fusarium (F. solani, F. oxysporum, F .  moniliforme, F .  sporotrichioides, F .  equiseti, and an 
unidentified species) were isolated from Pinus tabulaeformis seedlings affected by damping-off at the nursery of 
the Northwestem College of Forestry. 

Resume 
On a isolt six espkces de Fusarium ( F .  soluni, F .  oxysporum, F .  moniliforme, F .  sporotrichioides, F .  equiseti et une 
espirce non identifiee) B partir de semis de Pinus tubulaeformis atteints de la fonte des semis dans la pCpinihe du 
College de Foresterie du Nord-Ouest. 

Introduction 
In 1988. Pinus tabulaeformis seedlings were grown for 
tree improvement in the nursery of the Northwestem 
College of Forestry. Seeds were sown on March 25 and 
within 6 days some germination was evident. Damping- 
off losses occurred from April 16 to May 22. During 
that time, fungi were isolated from affected seedlings 
five times, 

Materials and methods 

Seedlings of Pinus tabulaeformis affected by damping- 
off were cultured on Martin’s medium and potato sucrose 
agar (PSA). Seedlings were washed with fresh water 
and then a small piece of stem tissue in the transition 
zone between the healthy and diseased tissue was 
removed. These pieces were sterilized with 70% alcohol 
for 30 seconds, washed with bacteria-free water several 
times, and then cut into 0.4-cm pieces which were 
placed on Martin’s medium. Species of Fusarium were 
obtained at all isolation times except the first. Isolates 
were purified using a 0.5-cm-diameter inoculum plug 
from the margin of a colony cultured at 25°C on PSA. 
In 4 days, colony diameter and pigmentation 
morphology, color and sporulation of the aerial 
mycelium, morphology and number of the conidia, and 
presence or absence of chlamydospores were determined 
and the fusaria were identified using the taxonomic keys 
of Booth (197 1) and Gerlach and Nirenberg (1982). 

Results  
Six species of Fusarium were isolated from diseased P. 
tabulaeformis seedlings: Fusarium solani, F .  
oxysporum, F .  moniliforme, F .  sporotrichioides, F .  
equiseti, and an unidentified Fusarium species. The 
characteristics of the fungi follow: 

(i) Fusarium solani (Mart.) App. et Wollenw. (Figure 
1). Colonies reaching 3.5 cm diam. in 4 days at 25°C on 
PDA, aerial mycelium felt-like, locally floccose, cream 
to pale grey, bluish-grey pigmentation; phialides 
monophialidic, long; microconidia single, oval, 
abundant; macroconidia slightly curved, with a short 
and blunt apical cell and an indistinctly pedicellate 
basal cell, predominantly 3-septate; chlamydospores 
terminal or intercalary, globose, single. 

(ii) Fusarium oxysporum Schlecht. (Figure 2). Colo- 
nies fast-growing, reaching 4.5 cm diam. in 4 days, at 
25°C on potato dextrose agar (PDA), aerial mycelium 
rather abundant, comparatively delicate, initially whit- 
ish, later with a pale violet tinge, pigmentation pale 
purple greyish; sporulation starting in the aerial myce- 
lium producing microconidia cohering in false heads; 
macroconidia solitarily scattered in the aerial myce- 
lium; conidiophores single, short, in aerial mycelium; 
microconidia 0- 1 -septate, oval, ellipsoid to cylindric, 
straight to slightly curved; macroconidia falcate, gradu- 
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Figure 1. Fusarium solani. I 2 5 w  I Figure 2. Fusarium oxysporum. I 2 5 w  I 

I 
Figure 3. Fusarium moniforme. 

H 
25 w Figure 5. Fusarium equiset. . 

ally tapering toward both ends, with a slightly hooked 
apical cell and usually a rather distinctly pedicellate 
base1 cell, predominantly 3-5-septate, 27-60 x 3-5 p; 
chlamydospores abundant, terminal or intercalary, single 
and in pairs. 

(iii) Fusarium moniforme Sheld. (Figure 3). Colonies 
fast growing, reaching 4.6 cm diam. in4days at 25°C on 
PDA; aerial mycelium loosely pannose, vinaceous, 
pigmentation vinaceous dark; microconidia in long 
chains; macroconidia very rare; conidiophores strongly 
and densely branched; phialides monophialidic, almost 

n 

Figure 4. Fusarium sporotrichioides. I 25 P I 

D O  2 
I 25 P I Figure 6. Fusarium sp. 

cylindric, slender; microconidia clavate, mostly 1 -celled, 
sometimes with 1 septate; macroconidiadelicate, falcate, 
but rather straight, broadest just below the apical cell 
which is often somewhat curved, foot cell distinct, and 
3-4 septate, 34-50 x 3.5-4.7 p; chlamydospores ab- 
sent. 

(iv) Fusarium sporotrichioides Sherb. (Figure 4). 
Colonies reaching 3.1 cm diam. in 4 days at 25°C on 
PDA; aerial mycelium abundant, loose lan~ginous, at 
first whitish, bluish brown in 9 days; bluish-brown 
greyish pigmentation; microconidia pyriform, ovoid, 
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fusiform to slight falcat, 0- 1 septate; macroconidia 
falcat, widest in the upper third, tapering toward both 
ends, indistinct foot cell often present, 3-5 septate, 24- 
50 X 4-5.2 pn; chlamydospores abundantly formed in 
hyphae, intercalary, single, or in pairs. 

I 

(v) Fusarium equiset (Corda) Sacc. (Figure 5). Colo- 
nies reaching 4.3 cm diam. in 4 days at 25°C on PDA, 
aerial mycelium loosely floccose, buff-brown, 
ochraceous pigmentation; conidiosphores arising as 
phialides in the aerial mycelium; microconidia sparse: 
macroconidia typically falcat, gradually tapering to- 
ward both ends, with a distinctly pedicellate basal cell, 

mostly 3-5 septate, 22-60 X 3.5-9 pm; chlamydospores 
intercalary, in pairs, frequently in chains or clusters. 

(vi) Fusarium sp. (Figure 6 ) .  Colonies slow-growing, 
reaching 1.7 cm diam. in 4 days at 25°C on PDA; aerial 
mycelium rarely, lanuginose, initially whitish, later 
becoming orange- yellowish, orange-brown pigmenta- 
tion, and a characteristic orange ring in centre of the 
colonies, the ring reaching 4 cm diam.; conidiogenous 
cell conidiosphores polyblastic; microconidia sparse; 
macroconidiaobclavatate, with a bluntapical cell, mostly 
3-septate, 50-72 X 6-8 p; chlamydospores absent. 
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Abstract 
Light microscope observations showed that 8 of 18 ectomycorrhizal fungi were hyperparasites on Rhizoctonia 
solani Kuehn. Hyperparasitism resulted in appressed host growth, coiling around, penetration, or lysis of R. solani 
hyphae. Scanning electron microscopy and X-ray microanalysis studies demonstrated that several elements, 
including P, S, K and Ca, were transferred from R. solani mycelium to that of the three mycorrhizal fungi. Such 
transfer occurred in all of the host-parasite relationships except lysis. 

Resume 
Des observations au microscope optique ont montrC que 8 champignons ectomycorhiziens sur 18 ttaient des 
hyperparasites de Rhizoctonia soluni Kuehn. L’hyperparasitisme se traduisait par une croissance apprimCe de 
l’hbte, un enroulement, une pCnCtration ou la lyse des hyphes de R. solani. Des Ctudes au microscope Clectronique 
B balayage et par micro-analyse aux rayons X ont dCmontrC que plusieurs ClCments, dont P, S, K et Ca, Ctaient 
transfdrks du myctlium de R. solani B celui des trois champignons mycorhiziens. Un tel transfert se produisait lors 
de toutes les interactions hbte-parasite, sauf lors de la lyse. 

Introduction 
Several workers (2, 6, 7) have shown that ectomy- 
corrhizal fungi protect unsuberized roots from attack by 
parasitic fungi. While much of this work has centered 
on the mechanisms of resistance, not much is known 
about parasitism of mycorrhizal fungi on pathogenic 
fungi. Such a relationship could help explain how 
ectomycorrhizal fungi impart resistance of seedlings to 
pathogens. 

The purpose of the present study was to use light and 
electron microscope observations and X-ray micro- 
analysis to obtain a better understanding of the mecha- 
nism of hyperparasitism by ectomycorrhizal fungi. Such 
studies could eventually lead to selection of 
ectomycorrhizal fungi to provide disease resistance to 
seedlings or accelerate their growth. 

Materials and Methods 
The ectomycorrhizal fungi used (Table 1) were col- 
lected from Beijing city and Yunnan and Shandong 
provinces. The pathogen, Rhizoctonia soluni Kuehn, 
was isolated from a diseased seedling of Pinus 
tabulaeformis Carr. in Beijing. All fungi were cultured 
on potato-dextrose-agar (PDA). 

Light microscope observations (4,5,10) 

Three cover slips were placed in PDA to form an 
inverted trapezoid and 6-mm-diameter inoculum plugs, 

cut from cultures of the ectotrophic fungi, were placed 
on one side of each cover slip. Similar plugs ofR.  soluni 
were inoculated onto the other side of slips and once the 
hyphae of the test fungi made contact the slips were 
removed and observed with a light microscope. 

Scanning electron microscope and X-ray micro- 
analysis observations ( 1 , 3 , 8 )  

Strips of cellulose dialysis membrane (10 x 70 mm) 
were washed five times in distilled water and auto- 
claved, then placed on PDA in 9-cm petri dishes. 
Fungus inoculum was prepared as before and inoculum 
discs o f R .  solani and the mycorrhizal fungi Gomphidius 
rhodophyllus, Laccaria bicolor, and Lactarius 
deliciosus, were inoculated at opposite ends of the strips 
(one mycorrhizal fungus per strip). When hyphae of the 
two fungi grew together the strips were removed and 
observed under a light microscope to locate the regions 
where fungus growth intermingled. Sections (1 cm2) of 
the strips, where the fungi grew together, were then 
removed and, after being frozen and dried with liquid 
nitrogen, they were coated with carbon. The specimens 
were then inspected with an SEM 505 scanning electron 
microscope equipped with an energy-dispersive spec- 
trometer EDAX 9 100 (20 kev and about 500 cps for 100 
seconds). Using the principle of Full Scale (FS), the 
differences in relative content of elements between the 
interaction region and the non-interaction regions (on 
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Table 1. Hyperparasitism of Rhizoctonia solani by ectotrophic mycorrhizal fungi 

Effect on R. solani (the host) 

Mycorrhizal fungi 

Growth of Coiling of Penetration Lysis of 
host mycorrhizal of host host 
appressed hyphae around hyphae hyphae 

host 

Amanita pantherina (D.C. ex Fr.) Schumm. 
Boletus griseus Frost 
B .  sp. 
Cortinarius castaneus Bull. 
Gomphidius rhodophyllus Kauf. 
Laccuria amethystea (Bull. ex Merat) Mum., (isolate 1) 
L. amethystea (isolate 2) 
L. bicolor (Maire) Orton 
Lactarius camphoratus (Bull. ex Fr.) Fries 
L. deliciosus (Fr.) S.F. Gray 
Pisolithus tinctorius Pers., (isolate 1) 
P. tinctorius (isolate 2) 
Russula lutea (Huds. ex Fr.) S.F. Gray 
R. rubra Fr. 
Suillus bovinus (Fr.) 0. Kuntze 
S .  granulatus (Fr.) 0. Kuntze 
S .  grevillei (Klotsch) Sing. 
S .  luteus (Fr.) S.F. Gray 

Table 2. Effect of ectotrophic mycorrhizal fungi on the relative content of elements in 
Rhizoctonia solani mycelium 

Element: 

Type of hyperparasitism P S K Ca 

Appressed growth 
Mycorrhizal fungi 39 1 .OO 43.92 488.44 17.45 
R. soluni -119.15 -147.29 -26.00 -16.07 

Coiling 
Mycorrhizal fungi 419.00 175.95 45.76 35.51 
R. soluni -131.00 4.16 -94.00 -8.88 

Penetration 
Mycorrhizal fungi 249.00 20.67 106.62 -6.63 
R. soluni -69.05 -13.02 21.09 -9.18 

Lysis 
Mycorrhizal fungi - 1 .OO -0.42 6.77 7.15 

a The data are means of FS differences (see text) between regions where the hyphae of the mycorrhizal fungi and R. 
soluni intermingled and areas where no intermingling occurred. 
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Fig, I . -D, Effecl ofulCccma hill/lor ( ) and Lanemlc; d<'!/('wslIs on Rhi:rn:lonia .\'Ulam. ppre ed gTO\\lh of R. wlam caused
by L. hlcolor ( ) and cOiling of L. c!eliC'iosl/,\ hyphae around R. solani hy'phae (Bl. penelrallon of R. 010111 hyphae eel. and Iysi
of R, solalll hyphae by L. {/c'/ic'iOSI/I' (Ol.

the cellulo e ' tnp) were alculated. The tran fer of
elemen between the m) orrhizal fungi and R. so/alii

as then determined.

Re ults

Light 11Iu:roscope obsen'ations

Eight of the 1 m orrhizal fungi parasitized R. sO/alii.
Four type of hyperpar iti m were ob erved: ap
pre ed growth of R. solalli (the ho t). coiling of th
hyphae of the mycorrhizal fungi around hyphae of R.
solani, penetration of R. olani hyphae, or ly'i of ho t
mycelium (Table I). Gomphidius rhodoph)'lIu ,
Laccario bicolor andL. de!iciosu ere the mo t ersa
tile parasites, e hibiting at least three and u ually four
of the e type of h perpara iti m on R. solani.

canning electron micro cope and -ray micro
analy i ob ervation

The four type of myc rrhizal fungu - R. so/ani para
iti m een with the light micro cope were also ob
erved with EM (Figure 1). The pectra of X-ray

microanal i howed the relati e change in the con-
tent ofelement . uch as P, . K, a between the ari u
combination of fungu hyphae (Table 2). It i ob i u
that G. rhodophyllus, L. hicolor and L. delicious obtain
ub tance uch as P ,K and a from R. solani. Thu ,

the e three mycorrhizal fungi can both inhibit R. solani
growth and obtain nutrient from the pathogen. How
e er. when para iii m re ult in h phally i , m corrhi
zal fungi get fe ub lances from the ho t fungu R.
sololli i.e.,ly i i an ineffecti e type of para itization.
It could play an important role in the re istance of
mycorrhizal fungi to pathogen,

2 3



Discussion

This is the first report of the use of X-ray microanalysis
to study hyperparasitism among fungi. Such technol
ogy can be used to detennine the transfer of substances
between different fungal hyphae in various types of
hyperparasitic interactions. Such studies collaborate
the results observed with the light microscope. Al
though X-ray microanalysis cannot be used to detect C
or N, the essential elements within hyphae. transfer of
elements such as P. S, K. and Ca can be quantified. Our
studies demonstrate that hyperparasitism by mycorrhi
zal fungi is an important aspect of host resistance to

pathogens. Hyperparasitism by such fungi can damage
vegetative growth of pathogens and hinder their me
tabolism.
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