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ABSTRACT 

Multi pie-leadered con i fer seedii ngs are discarded by Ontario provi nciaI tree 

nurseries as being unacceptable for planting. Extensive losses of millions of seedlings 

havo occurred i n some years. Diagnostic studles conducted at severaI nurssri es showed 

that the niu It i pie- leadered condit ion fol I owed injuries to shoot termi na I s, after which 

seedlings had reduced apical dominance. Most of the injuries observed were associated 

with herbicide applications or were related to the lack of cold hardiness. These In 

juries were prevalent late In the first (1-0) year of growth or during thB winter of the 

first year, respectively. Seedlings became multiple leadered as new terminals grew from 

ax i I lary buds be low the i njur ies. The suggestion is made that first year 11-0) seed-

lings are trore vulnerable than older seedlings because shoot growth continues as long as 

growing conditions are favorable. In thB first year, shoots stayed vegetatively active 

longer than older seedlings, and in some situations norrra I resting buds were not formed. 

Other causes of termi naI i njuri es such as i nsect defoliat I on and late spring 

frosts were noted as well. In these Instances the injuries and causes thereof were ob 

vious. 

RESUME 

Les pepinieres provinciales de I "Ontario rejettent les semis de coniferes a 

pousse apicale multiple parce qu'i Is sont i irpropres a la plantation, Certaines annees, 

les pertes se sonh chif frees a des millions de semis. Dans plusieurs pepinieres, on a 

diagnostIgue que cet etat eta it consecuti f a des blessures au* pousses termi nales qu i 

ont reduit la dominance apicale des semis. La plupart des blessures observees eta tent 

reliees a des app l'i:<it ions d'herbiclde ou 3 un manque de resistance aj froid. Elles 

sont survenues en rrajorlte vers la fin do la premiere (1-0) annee de croissance ou 

durant I'hiver de la premiere annee. La pousse apicale est devenue multiple parce que 

des bourgeons axlllaires situes sous les blessures se sont developpes. On pense que les 

semis de la premiere annee (1-0) sont plus vulnerables que les autres parce que la 

croissance de leurs pousses se poursuit aussi longtemps qae les conditions sont favor-

ables. La premiere annee, les oousses sont demeurees vegetat i veirant actives plus long-

temps que les semis plus ages, et dans certains cas, les bourgeons de repos ne se sont 

pas formes. 

On a egalQirent note d'autres causes de blessures des pousses terminates comma la 

defol TaMon due aux i nsectes et les gals tardifs printanlers. Dans ces cas-la, les 

blessuros et leurs causes etaient e'videntes. 
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INTRODUCTION 

Millions of seedlings grown in 

Ontario provincial nurseries are rejected 

each year because grading rules specify 

that only single- leadered (5L) seedlings 

are acceptable for planting. Multiple-

leadered (ML) seedlings (cover photo), 

especially those with four or more term 

inals, tend to be shorter than SL seed 

lings and many also do not satisfy size 

criteria. Nursery managers want to grow 

SL seedlings of fairly uniform size so 

that the entire production can be 

shipped. The large percentage of seed 

lings rejected because of ML results in a 

direct loss of seedling production sched 

uled for regeneration projects. Process 

ing efficiency is also reduced as the 

presence of cull seedlings prohibits bulk 

packaging in the field. All species of 

conifers grown are affected to some ex 

tent, but the problem is especially severe 

for white spruce (Picea glauca [Hoench] 

Voss), black spruce (P. ■ariana [Mill. ] 

B.S.P.), and occasionally white pine 

(Pinus atrobua L.) or jack pine (P. barfc-

siana Lamb.). Cull commonly reaches AOS 

and has ranged up to 65S. 

The rt. phenomenon is readily ex 

plained. Injury to the tip of the term 

inal shoot stops growth along that axis, 

and results in the proliferation of shoots 

from sites below the injury. This results 

in reduced apical dominance, and affected 

seedlings tend to remain in the ML state. 

Detection of the injuries and identifica 

tion of the cause, however, are often dif 

ficult. 

It is not known when ML problems 

first became acute. An excessive anount 

of ML, sometimes called cabbage-heading, 

was recognized among jack pine at the 

Gogaraa nursery in 1957. Since then the 

magnitude of the M_ problem has varied 

annually among the nurseries, with all 

nurseries experiencing significant losses 

at least once. 

Initially, insects or diseases were 

suspected causes of ML. Vaartaja, et al. 

(1964) reported no evidence that disease 

caused the high incidence of white pine ML 

in 1962. Springtail insects were postula 

ted as a possible cause of Ml by Baggott 

(1971). Over the years, numerous samples 

of ML seedlings have been examined by 

patholoqistg and entomologists at the 

Great Lakes Forest Research Centre. Ex 

cept for a few obvious injuries, such as 

feeding by the spruce budworm (Choristo-

neura Fumiferana [Clem.]), no pest was 

firmly implicated. A study conducted at 

the Swastika, Midhurst, and Thunder Bay 

nurseries in 1978 showed considerable ML 

in the presence of negligible numbers of 

springtails (Syme 1978 in Gross 1979). 

further, weekly observations made at these 

nurseries between 1978 and 1980, reported 

herein, did not implicate any innect or 

disease except where a small percentage of 

ML was caused by free-feeding defoliators 

such as spruce budworm. 

It is possible to injure terminals in 

a number of ways so as to cause ML. 

Krause (personal commjnication, 1963) de 

termined that lodged grains of ammonium 

nitrate fertilizer killed terminal tips 

and caused ML. Early in the present 

study, the author used droplets of concen 

trated 20-20-20 fertilizer, the crushing 

□f terminal tips, and a jet of hot air to 

cause ML injuries. However, there is no 

evidence that these types of injury have 

caused ML. 

The magnitude of ML losses and the 

complex nature of terminal injuries stimu 

lated a series of observational studies 

deaigned to diagnose the ML problem. Ob 

servations for 1978 (Gross 1979) focused 

attention on cold-hardiness, and herbicide 

application and established that the peak 
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period of susceptibil 

curred from about the 

buds were i nitiated to 

came dormant. However, 

had terminal Injuries 

1978 season wh i ch were 

some cases, impossible 

the studies were cont 

1980. 

ity to injury oc-

tlme when terminal 

when seed I ings be-

many SL seedlings 

at the end of the 

difficult and, in 

to detect. Hence, 

inued in 1979 and 

Preliminary reports (Gross 1979, 

1982) have been useful in defining the ML 

problem and In determining the type of re 

search required to solve the ML dilemma. 

Some adjustments in ferti 1 izer schedules 

and weed control programs have been made 

at the nurseries in response to early in 

formation. This report summarizes the re 

sults of observational studies undertaken 

at the Thunder Bay, Swastika and MIdhurst 

forest stations in a total of 16 nursery 

compartments. 

METHODS 

Each compartment selected for obser 

vation was sampled by 10 randomly located 

25-tree pi ots. Seed I i ngs in the pi ots 

were selected in five-tree clusters sys 

tematical ly arranged around the pi ot 

centre. Individual trees were Identified 

by color-coded toothpicks. 

Seedlings on the plots ware examined 

at weekly intervals through the growing 

season. Before the plots were rated, 

norma I and abnormaI appear Ing shoots of 

seedlings selected elsewhere were dissect 

ed and examined so that symptoms of In 

juries could be identified. Then terminal 

tips were rated for injury symptoms, the 

presence and size of terminal buds, and 

the appearance of new terminal shoots. At 

monthly intervals, seedling height, diame 

ter 1 cm above ground, and the length of 

terminal and lateral shoots were recorded. 

Whenever possible, the same compart 

ments and 25-tree plots were used in con 

secutive years to follow seedlings through 

al I phases of production. About eight 

compartments per year wore studied In this 

manner. 

A more detailed description of 

methods can be made available on request. 

RESULTS AND DISCUSSION 

Injury Response 

Seedlings that became ML were the 

direct result of injuries to the terminals 

of leading shoots, frequently to the 

termi nal meristem. The Injury response 

seemed to be a function of the amount of 

shoot tip affected and the vegetative 

statB of the tip when injured. Shoot pri-

mordia are present at the base of most 

needle initials near the terminal meri 

stem. A localized Injury reaction at the 

shoot apex seemed to stimulate a response 

from a cluster of shoot primordia. Forma 

tion of a cluster of small buds lacking a 

normal dominant terminal bud (see Fig. Id) 

typically followed this reaction to local 

ized injury. More extonslve Injuries 

caused a growth response from axillary 

buds lower on the seedling. 

Time of Injury and the ML Response 

Most injuries occurred prior to the 

onset of growth in the second (2-0) year. 

Frequently, susceptibiIity to injury was 

related to cold-hardiness, and injuries 

occurred duri ng the dormant season. I n-

jurles, usually related to herbicide ap 

plications, were also abundant just before 

seedlings achieved dormancy in the first 

(1-0) year. A critical period of suscept 

ibility to injury seemed to start about 

the time that shoot extension was almost 
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complete ( > 90?J. This was si ightly 

earlier than the time when terminal buds 

were being initiated (reported previously 

in Gross 119791). The critical period 

seeded to end with dormancy. Terminals 

were considered to be dormant when mature-

looking buds covered with normal bud 

scales ware present. 

Other obvious causes of injury such 

as late spring frosts and insect feeding 

were observed. Diagnosis of the cause and 

timing of these injuries was relatively 

straightforward. 

The percentage of seedlings that were 

ML by the end of the first growing season 

in these observational studios was low, 

averaging 2-5? ML. Those that were ML 

seemed to have respondod to injuries that 

occurred before the end of July. Usually 

this ML response was associated with ob 

vious causes such as herbicide, animal or 

Insect feeding, etc., and the injured 

terminals were conspicuous. However, 

throughout the history of ML, instances of 

substantial ML were reported in the first 

(1-0) year, with no evidence of Injury. 

The logical assumption Is that the ML re 

sponse was stimulated by a minute Injury 

to the shoot apex, which caused a prolif 

eration of shoots. In view of the obscure 

character of many of the injuries observed 

in these tests (Fig. 1), it is possible 

that associated injuries were overlooked 

for some of the early occurrences of ML. 

In these tests, the percentage of ML that 

occurred in the first (1-0) year without 

obvious injury was low i<]%). 

Most 14 resulted from Injuries that 

occurred late in the growing season or 

during dormancy. Most of the affected 

seedlings were SL and appeared normal 

(Fig. la, 2a) at the end of the first 

growing season. The ML condition devel 

oped soon after growth started in tho 

second (2-0) year. The presence of new 

growth f I ush r ng ear I y In the grow i ng 

season concealed the evidence of previous 

Injury. This aspect of the ML problem 

helps explain early difficulties with 
d iagnosi s. 

The growth pattern of seedlings in 

the first year differs from that of subse 

quent years. In the first year, the term 

inal msristem continues to grow and initi 

ate needle prlmordia as long as conditions 

are favorable. In subsequent years, shoot 

extension is evident from shoot initials 

preformed in buds. Shoot extension occurs 

In a short period of 4 to 6 weeks, after 

which new buds are formed. Hence, termi 

nal merlstems can remain active for a much 

longer period in the first year of seed 

ling growth than in later years. Seed 

lings In nurseries are fertilized and Ir 

rigated. This provides an extended period 

of favorable growth conditions. First-

year (1-0) seedlings generally set buds at 

least one month later than older seed 

lings. With fertilizer applications in 

late summer it was not unusual for a large 

portion of tho first-year (1-0) seedlings 

to pass through the dormant season without 

terminal buds. In those instances, termi 

nal merlstems were somewhat succulent and 

susceptible to cold damage, being protect 

ed only by a sheath of needle primordla. 

This terminal character seems to be normal 

for jack pine, but spruce seedlings with a 

mature bud are more cold hardy, especially 

In the northern ' nurseries during severe 
winters with shallow snow cover. 

The size and activity of the terminal 

meristem and the adjacent region of shoot 

expansion is another aspect of shoot 

growth influencing susceptibility to in-

Jury. This locus is larger and more 

active early In the season than later. 

(The latter part of the season seoms to be 

a critical period for injuries.) Certain 

materials such as growth regulators are 

translocated to this site, and concentra-
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tion of materials such as herbicides seems 

to be rel ated to the occurrence of i in 

juries (Webb 1981). 

Dormant buds obviously are resistant 

to cold injury, and probably to other 

types of Injury, particularly those caused 

by chemicals. However, most nursery cul 

tural practices are discontinued late In 

the season and the degree of dormancy is 

difficult to rat© or observe, as most re 

lated characters are concealed by the bud 

cap. Seedlings over one year old had well 

formed buds at tKe time first-year seod-

lings were prone to injury late In the 

growing season. Bud abnormalities (Fig. 

2) were common among the first-year (1-0) 

seedlings of some tests. The presence of 

abnormalities seemed to be related to cold 

hardiness, as was Indicated by the size of 

the shoot Initials In buds. Hence, cold 

hardiness, at least, requires mature buds 

with well formed shoot initials. 

Seedling Character Relative to ML 

Desirable characters for nursery 

seedlings are: 1) good growth potential, 

including adequate size to withstand com 

petition after planting; 2) a single domi 

nant terminal shoot; 3) good root:shoot 

ratio; 4) the presence of a large, injury-

free terminal bud, as subsequent shoot 

growth is a function of bud size (Helium 

1967). 

No s i gn I f i cant d i f ference was found 

between ML and SL seedlings with respect 

to stem diameter at 1 cm above ground, 

total oven-dry we ight, or root:shoot 

ratio, ML seedlings seem to have the same 

bulk as SL soedl ings, but they lack desir 

able form and are shorter. Total seedling 

height (Fig. 3) and terminal shoot length 

(Fig. 4) were reduced by about 20? for ML 

in comparison with SL seedlings. Most of 

the reduction occurred on seedlings with 

Figure 2. Abnormal terminal buds on 1-0 white spruce. (a) Shoot tip with a normal ap 

pearing bud, (b) The same bud as in 2a dissected to show that the shoot in 

itial was missing, c) Growth response of a partially dead shoot initial. 

Note that the noodles forming on the uninjured part of the shoot are dis 

torted from trying to push off the bud cap. Damaged buds such as this usual 

ly fail. 
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more than three terminals (Fig. 3 and 4). 

Double-1eadered seed I ings were about the 

same size as SL seedlings. The general 

Impression that ML seedlings are shorter 

than SL seedlings seems to be Influenced 

largely by the appearance of the more 

severe cases of ML. 

The current terminal shoots of seed 

lings with ML tend to be more slender, 

havo fewer needles, and set smaller termi 

nal buds (Fig. 5). Bud size was inversely 

related to the number of terminals on a 

seedling {Fig. 5 and 6, Table 1) and buds 

wore initiated later in the season rela 

tive to the number of terminals on a seed 

ling (Fig. 6). This seems to support the 

general impression that terminals on ML 

seedjings are prono to injury. There ter 

minals remain active for a longer period, 

and the smaller buds, set later in the 

season, probably do not achieve the same 

level of cold-hardiness as the larger buds 
on SL seed I i ngs. 

Seedlings that complete shoot exten 

sion in a short t ime a I so tend to set 

larger buds (Fig. 6). Ultimate shoot size 

was about the same for 2-0 white spruce 

that developed buds 8 mm5 in volumo and 

larger, but the shoots with the larger 

buds seemed to complete shoot growth 

16 

CO 

•12 

LU 

N 

CO 

Q 

CO 

M 
/ 

TERMINALS 
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SEEDLING 

1 

2 
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5 

SAMPLE 
SIZE 

n 

95 

36 

58 

39 

18 

JUL AUG SEP 

Figure 5. Average bud size relative to the number of terminals on 2-0 white spruce 

seedlings. Note that the date on which buds were initiated also seems to be 

a function of the number of terminals on a seedling. Bud size for terminals 

with dead or missing tips was not included in this analysis. 



earlier in the season (Fig. 6). Also, 

most of the buds 8 mm3 and smaller were on 

new terminals produced in the second year 

after the original terminal was injured 

{Table 1). 

Well formed dormant buds seem to be 

resistant to the kinds of injuries that 

result In ML. Data also indicated that 

there arts growth differences which are 

correlated with bud size (Table 2, Fig. 

6). Naturally, large shoots set largo 

buds, but other characters seem to Indi 

cate genetic control. Shoots that set 

large buds also initiated buds earlier and 

completed shoot extension faster than 

shoots with smaller buds. Genetic 

selection could produce seedlings that are 

better adjusted to nursery culture and are 

resistant to terminal injuries. 

Table 1. Terminal bud size for 2-0 white 

terminals produced when the Initial 

terminal shoot was Injured. 

Table 2. Damage sustained by 1-0 white spruce injured by severe 

winter exposure. 

Damage 

Unaffected 

Terminals with 

necrotic needles 

Seedling Shoot Terminal Sample 

height initials bud size 

(cm) (mm3) (mm3) (n) 

5.48 

4.27 

1.30 

B.74 

5.91 

25 

11 

Terminals wi th 

dead shoot tips 6.95 0.10 1.52 19 
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Figure 6. Terminal shoot growth for 2-0 white spruce relative to the size of terminal 

bud present at the end of the season. Shoots on terminals with buds 8 mm3 or 

larger achieved essentially the same length; however, shoot growth was com 

pleted earlier for shoots with buds larger than 8 mm3. The seedlings depict 

ed here are the same as those for Table 1, hence most of the shoots with buds 
8 mm or smallor were on new tern!naIs. 

Causes of Injury 

Diagnosing the causes of ML was dif 

ficult. The Injured site was often small 

and obscured by noodles [Fig. 1) or by a 

bud cap (Fig. 2). The ML character fre 

quently became evident long after the 

causal event. Also, a combination of 

causal events, differing in kind, fre 

quently contributed to the overall per 

centage of ML in a compartment. 

AnythIng that destroys the term!nal 

meristem can cause the ML reaction. 

Terminal damage often followed the appli 

cation of herbicides or the occurrence of 

adverse weather. The severity of reaction 

varied with the vegetative state of seed 

lings at the time of the causal event, and 

other factors, such as fall application of 

fertilizer, seemed to enhance susceptibil 

ity to Injury. 
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It is possi ble that some causal 

events wore overlooked or failed to occur 

In tho observed sample compartments. How 

ever, there was considerable ML and 

several types of injury seemed important. 

Cold injury: Severe winter exposure 

can kill terminals. 

The amount of damage sustained is corre 

lated with cold-hardiness and is based on 

the size and presence of terminal buds 

[Table 2). Damage was Inversely propor 

tional to terminal bud size and the size 

of shoot initials within the buds. Damage 

was di rectly proportional to seed!ing 

height—an indication that size was ac-

cumulated at the expense of cold-hardi-

nass. The tallest seedlings tended to 

have terminal tips that remained vegeta 

tive or had smalI buds. Black spruce 

seemed to suffer less damage than white 

spruce In situations in which both species 

were exposed to the same conditions. 

Again, most of the damage was done to 

trees In the 1-0 size class. 

Damage from wi nter exposure was 

associated with low snow cover at the 

Swastika nursery in the winter of 1978-

1979. The injury seemed to be the result 

of exposure to cold rather than to warm 

temperatures. The latter cause "winter 

browning", which is due to desiccation of 

exposod folI age resulting from photosyn-

thotic activity on bright warm days when 

water supply Is Inhibited by frozen 

roots. Foliage below the snow Is unaf 

fected and usually buds and stems sur 

vive. In this instance there was no evi 

dence of snow depth on the seedlings, and 

terminal buds and shoot tips were ki I led. 

Late summer frosts as we I I can ap 

parently cause damage similar to that re 

sulting from severe winter exposure. This 

did not happen during tho present study. 

However, any freeze that occurs while 

seedlings are actively growing can cause 

the tip ki I I. 

Heat Injury: Hot dry winds have been 

observed to cause tip 

injuries that lead to ML. This kind of 

injury is most I Ike Iy to occur In the falI 

after normal irrigation has been stoppod. 

Nursery operators seem to have recognized 

this hazard, and this condition has not 

been observed In recent years. The damage 

is similar to that caused by late summer 

frost or severe winter exposure. Hence, 

damage is probably also related to degree 

of dormancy at the time of the hot winds. 

Another type of heat injury seems to 

cause transplant shock that leads to ML. 

Extremely harsh transplant conditions were 

experienced at Swastika nursery in June 

1978. Hot, sunny days with clear, cold 

nights (25 to 30°C max to -5° min) seemed 

to have caused injuries to 2-0 spruce that 

were being transplanted. Host of the 

seedlings had flushed new shoots that 

averaged about 2 cm Iong, and a 1arge 

portion of these succulent shoots wilted 

at the time of transplanting. Transplants 

that wilted frequently developed ML by the 

end of the season. Those that did not 

wilt stopped growing, and set an unusually 

large cluster of five or six buds of ap 

proximately the same size at the termi 

nal. Initial growth from these terminals 

in 1979 had the ML character until the new 

shoots were about 5 cm long. Then the 

central shoot remained upright and domi 

nant. This emphasizes the Importance of 

the central terminal moristem to tree 

shape. 

Herbicide Injury: There is Iittle 

doubt that herbi 

cide applications cause terminal Injuries 

which result In ML. The phytotoxic ef 

fects have been obvious in some instances 

and specific herbicides or times of appli 

cation are now avoided. Second applica 

tions of Dacthal, for example, have been 

discontinued. Dacthal, Geseguard, and 

Amltrolo have all been associated with 

terminal Injuries. Granted, ML was 
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present long before the widespread use of 

herbicides; however. It is apparent that 

herbicide damage is part of the current 

problem. Research by Dr. D.P. Webb (1981) 

of the Great Lakes Forest Research Centre 

Indicates that herbicides are transfocated 

to terminal tips in phytotoxic amounts. 

Injuries associated with herbicide appli 

cations can be difficult to detect {Fig. 1 

and 2). Hence, screening tests probably 

missed some of the injuries and resultant 

ML. Also, times of application need to be 

tested. If results are compiled at the 

end of the first year (1-0) of growth, 

most ML resulting from injuries late In 

the 1-0 season Is missed, as ML occurs in 

the second [2-0) year. 

Except for herbicide appl ications 

late in the growing season during the 

critical period, most herbicide treatments 

appear to be harmless to seedl ing form. 

Most applications have had little immedi 

ate effect on seedling form or caused only 

minor distortion followed by recovery. 

However, in other cases similar applica 

tions have caused injuries (Fig. 1), and 

this suggosts that additional factors such 

as background level of herbicides, so i I 

condition, or weather contribute to the 

occurrence of herbicide injuries. 

Herbicide injury takes various 

forms. Usual ly some form of needle or 

terminal tip distortion Is fol lowed by 

dead or missing terminal tips, the pro 

duction of a cluster of smalI buds wi thout 

a dominant terminal bud, or an abnormal 

bud containing a cluster of small shoot 

prlmordia instead of a single, well formed 

shoot initial. A cctnmon form of distor 

tion Is the shoot tip perched at an acute 

angle to the shoot axis (Fig. 1c). 

Necrotic, chlorotic, or completely missing 

shoot initials (Fig. 2) within buds that 

otherwise appeared normal also seemed to 

be associated with the horblclde re 

action. The connection is difficult to 

establish because the injury can be con 

cealed in a bud which appears normal. It 

is possible that alI these types of Injury 

could be caused by other agents; however, 

they appeared more abundant in association 

with herbicide applications. 

The typical "albino" chlorosis caused 

by herbicides was not common. Seedlings 

with this type of chlorosis subsequently 

became stunted but not necessarily ML. 

Insect In jury: Defoliator insects 

such as spruce bud-

worm do cause injuries that lead to ML. 

In June 1979 about \0% of the 2-0 white 

spruce at Mldhurst and Swastika nurseries 

suffered terminal injuries from budworm 

feeding. The insect usually feeds along 

the side of a shoot and often devours the 

terminal tip. Low numbers of other tor-

trie id larvae were present later tn the 

season and caused s1m iIar damage. Th I s 

type of Injury was not Important in the 

first-year (1-0) seedlings which are small 

when budworm Is active. However, consid 

erable damage to older seedlings was evi 

dent in 1979 by the time infestations were 
control led. 

Aphids were observed feeding on a 

small percentage of 2-0 white spruce at 

Midhurst and Swastika nurseries. This 

feeding seemed to cause some distortion, 

but did not result in a significant amount 

of terminal damage or ML. 

Springtall insects were unimportant, 

at least over the 1978-1980 study period. 

Other Causes of I n jury: Term i na 1 In 

jury from 

mechanical thlnners, and bird or rodent 

feeding were observed. Mot much damage 

from these causes was observed on the 

study plots; however. In one compartment, 

terminal injuries of up to 1 OS of the 

seedlings resulted from animal feeding. 
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Unrelatod Phenomena: Sevoral other 

phenomena sus 

pected earlier of having a connection with 

ML now appear to be blameless. Seed cap 

retention on very young seedlings caused 

distortion of the stem as the shoot grew 

out between cotyledons. This condition 

proved Incidental to ML. Also, shoot tips 

of spruce had 3 character wherein needle 

tips toward the shoot tip curve in a corrr 

mon direction. This condition, described 

as "tip swirl", was initially rated as a 

type of distortion. The character tended 

to disappear as buds developed. 

Symptoms of n i trogen and phosphorus 

deficiency were also observed. While 

mineral nutrition seems important 

achieving adequate cold-hardiness, no 

direct link to ML was observed. 

SUMMARY AND CONCLUSIONS 

The ML condition of nursery stock re 

sults from various kinds of terminal in 

juries. Most injuries seemed to be re 

lated to cold-hardiness, or occurred late 

In the growing season when stock was sus 

ceptible to injury. This period seemed to 

start when shoot extension 51 owed (>90£ 

complete) or as buds were initiated, and 

ended with dormancy. Several causes of 

Injury were observed. Reaction to herbi 

cide and cold injury seemed to be associ 

ated wi th the major occurrences of ML. 

The Intensity of cold injury varied in 

versely with bud size and other Indicators 

of dormancy and cold-hardiness. While 

considerable growth can be achieved In 

September if high fertility is maintained, 

adequate cold-hardiness seems to have been 

sacrificed to obtain this growth. 

The reaction to herbicide was more 

complex. Not all materials and times of 

application caused the same intensity of 

damage. Late-season applications during 

the critical period usually caused at 

least some Injury, but the amount of dam 

age was difficult to rate since many In 

juries wh! ch occurred we re w i thIn bud s 

that were normal in overall appearance. 

Until the roies of fertilizer level 

and reaction to herbicide In the ML prob 

lem are more fully elucidated, these 

materials should be used with caution and 

should not be applied during the critical 

period late in the growing season. This 

Is especially important for seedlings in 

their first year (1-0) when the critical 

period of susceptibility to ML injuries 

appears to be somewhat more prolonged. 
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