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ANO UK,* 

INTRODUCTION 

A 4-vear research project was begun in 1986 to 
develop short-rotation silvicultural systems tor 

selected Populw and Larix in the Fort Francos 

area of northwestern Ontario. Cooperators in the 

project included Boise-Cascade Canada Lid. of 
Fort Frances, Lakehead University in Thunder 

Bay, and the Ontario Ministry oi Natural 

Resources. 

The long-term goal of Hie project was to develop 

poplar (Populus spp.) and larch (Lan.x spp.) 

materials suitable for relatively short rotations 

under site conditions existing in the vicinity of 
Fort Frances, and plantation systems that will 
promote the rapid growth of these materials. 

The impetus for the project came from Boise-

Cascade's interest in exploring alternatives to the 

traditional sources of pulpwood, primarily jack 
pine (Finns banksiana) and black spruce (Picea 

markwa), that were used in its Fort Frances mill. 
These traditional species are currently obtained 

more than 100 km from the mill. Since the mill 
employs the kraft and groundwood pulping 

processes, it could utilize hardwood and 

softwood species such as poplar and larch. 
These materials could be managed under short-

rotation Silviculture systems on the large 
agricultural land base immediately surrounding 

Fort Frances. 

As the first phase of the research project, a 

detailed literature review of short-rotation 

intensive-culture (SRIC) forestry was conducted 

to evaluate the potential of this management 

method for use with Popidus and Lartx and to 

guide the research. The review provides 

background on the development of many ot the 

popidus and Larix materials that were used in 

the program, the history of their previous use in 
North America, the potential for their future use 

in the wood-products industry, and methods that 
have been employed for their successful 

establishment under SRIC. The review also 
points out areas that need further investigation 

for the successful management of these species 

under SRIC. 

SHORT-ROTATION FORESTRY: 

AN OVERVIEW 

During the past several decades, intensive culture 

of forest trees has attracted a great deal of 
interest in Norlh America because of projected 
fiber shortages and competing demands for forest 

land. The concept of short-rotation forestry 

borrows its main ideas from agriculture, and 

offers a means of growing increased amounts of 

wood fiber through intensive culture. 

There are several definitions of "short-rotation" 

forestry, depending on the rotation length and 
size of the crop trees at the time of harvest. 

Short-rotation forestry, as referred to in this 

report, involves intensive management of even-

aged plantations of fast-growing, genetically 

improved trees under short rotations, and where 

the trees have been established a! close spacings 

through site preparation, weed control and 
fertilization for the purpose of pulpwood 

production. Depending on the species, rotation 

age may range from 6 to 13 years for plantations 

in some locations in the United States, southern 

Ontario and Quebec, at which point the resulting 

timber, 20 to 25 cm in diameter, can be 

harvested and processed with standard equipment 

and facilities (Schreiner 1970, Zobel and 

Kellison 1972). Investigators throughout the 

United Slates and Canada have studied this 

system for a variety of species of hardwoods and 

conifers (Schreiner 1970, Zobel and Kellison 

1972 Schmidt and Debell 1973, Smith and 



Debell 1973, Dawson 1976. Vallee 1977 
Raiianen 1978. Hansen et al. 1983). 

The advantages thai are combined in [he short-
rotanoi, forestry sy.s.en, have been summarized 

byRibe(1974). They include: (I, reduction of 
costs because of the production of several crops 
m the time that would ordinarily be required to 
Produce a single crop; (2) increased fiber 
production on a smaller area; (3) economical use 
o highly productive land; (4) early amortization 
Of the cosis of site preparation, planting and 
early culture; (5) harvest of smaller, cleaner 
dearcut areas similar io ,lie harvest of 
agricultural crops, which may be more acceptable 

io the public than a conventional elearcuttina 
operation; (6) rapid growth, dona! propagation 
and early maturation of trees grown under a 

short rotation permit rapid genetic improvements' 
and (7) greater uniformity of the physical 
properties of the trees within a species. 

The ultimate success of the short-rotation 
forestry concept hinges on the amount of usable 
fiber produced per unil area of land in a 
reasonable length of lime and at an acceptable 

cost. The determination of yield values is very 
complex, and involves many factors such as site 

planting methods, planting stock, spacing' 
cultural treatments, fertilization, length of 
rotation, and others, since any factor affecting 

the growth of the trees will necessarily affect 
fiber production (Steinbeck et al. 197^) To 

implement a successful short-rotation forestry 
program it ,s necessary io examine these factors 

for the particular species being worked with, and 
eventually to determine the economics of the 
system. 

POTENTIAL OF HYBRID POPLARS 
FOR SHORT-ROTATION FORESTRY 

The Genus Popuhis 

Populus is one of the oldest of the modern 

angiosperm genera and is believed to have 
originated in China and Japan (Khosia and 
Khurana 1982). Subsequent migration was 

characterized by widespread introgression that 
has left a loss,! record of more than 125 .species 
Today the genus is characterized by a relatively 
high degree of genetic diversity and includes 
approximately 30 species (Render 1947) These 
species are placed taxonomically in five sections: 

Tumnga, Leuce, Aigeiros, Tacamahuca and 
Levies (Pounci 1979). />„/„, species are 
distributed throughout the temperate and 
subtropical regions of the northern hemisphere 
from about 22°N to 70=N latitude. Only 
members of the collective species P, euphratica 
o\ the section Tumnga are found in their natural 
Mate omside of this zone (Muhle Larson [970) 

I here are numerous subspecies within species 
and many provenance differences exist There 
are also numerous ail.ivars. especially since 
poplars are usually propagated readily by stem 

cutlmgs, thereby permitting the cultivation of 
clones (Anon. 1958). Table 1 indicates the 
species and the sections to which they belong 

The economically most important species arc in 
the sections Leuce, Tmamahava and Aigeiros. 

Because of the wide geographic distribution of 
some species, the frequent introgressive 
hybridization, and the extensive cultivation and 
vegetative propagation of poplars, much 

confusion has arisen about the nomenclature of 
poplar species. Several "species" have been 
described under both specific and varietal names 
so that it ,s sometimes difficult to decide whether 
such names refer to real species differences or 
only to varieties, races, or ecotypes within the 
same species. However, recent studies of wild 

populations have added to our knowledge of 

races and ecotypes within various species 

(Hamaya and Inokuma 1957. Papaioannou 1963 
Brayshaw 1965, Erdcsi 1965). Large elonal 
variations in both morphological and 

physiological characteristics often occur within 
the same species of poplar. 

Poplar Breeding and Culture 

Poplars have many features that make them 
attractive for breeding. Because Populus is a 

widely distributed and variable genus, poplar 



Table 1, Classification of Paputus species. 

species and hybrids are adaptable to a broad 

range of sites. This range of adaptability and 

other features, such as relatively fast growth, the 

desirability of fiber and wood properties for a 

variety of products, ease of hybridization and 
vei;ctative propagation of some sections, and 

early flowering, have contributed to significant 

amounts of plantation culture ot Populus 

throughout the world. In fact, poplars are 

probably the most intensively domesticated ol all 

forest trees (Mohrdiek 1983). Forest plantations 

have been established around the world for 
fuelwood. pulpwood, lumber, veneer and other 
products, as well as for windbreaks, stabilization 

of slopes, riverbanks and roadbeds, reclamation 

of stressful sites such as surface-mined lands and 

former sea beds, and aesthetic improvement. 

Nearly 1.5 million ha of poplar plantations in 

Europe, Asia. Africa, the Middle East, North and 
South America, Australia and New Zealand 

supplement an estimated 20 million ha of natural 

Popidus forests, located primarily in North 

America (Viarl 1979). The area occupied by 

Popidus plantations has been increasing steaddy, 

in 1979, close to 150.000 ha of new plantations 

were established throughout the world (Anon. 

1979a). 

History of Poplar Breeding and Culture 

Poplar hybrids were already under cultivation by 

the end of the seventeenth century. The first 

clone to be mentioned in the literature is 

"Serotina" (Houtzagers 1937). In the eighteenth 

and nineteenth centuries, the first selections were 

made in Europe from natural hybrids that had 

originated from aspen pollinations between P. 

deltoides and /'. nigra (Mohrdiek 1983). Clones 

from that era such as "Robusta" are still used 

today. In about 1784, the Lombardy poplar (P. 

ni^ra var. iledica) was introduced to North 

America and was planted across the continent 

(Schreiner 1970). The first artificial crosses 

reported in the literature were made in 1910 at 

the University of Dublin between P. Ctngulata 

(Syn. P. deltoides var. deltoides) and /J. 

trichocarpa (Henry 1914). Since then, poplars 

have been bred with increasing intensity in many 

countries of the world. 

Interspecific breeding, combined with vegetative 

propagation of the selected oriels, has been a 

powerful tool used in producing poplar strains 

and clones with vigorous growth and improved 

resistance to disease, and stem cuttings with 

3 



better rooting ability. By interspecific breeding 
hybrids can also bo produced for different' 
ecological environments and win, a wider 
tolerance for site conditions. The first program 
or interspecific poplar breeding aimed at 

producing hybrid varieties for commercial timber 
was initiated by Stout and Schreiner of the 

Oxlord Paper Company in 1924. Stout and 
Schreiner (1933) conducted a crossing program 
with 34 parent trees. Three clones of These 
crosses, originating from species of the sections 

Tacamahaca and Aigeiros, are still in use almost 
everywhere in the world. The work of Stout and 

Schreiner led to further crossing and selection 
work in many other countries. Soon poplar 
breeding began in Austria (Wettstein 1930), the 
USSR (Albcnskiy and Delcina 1934). Canada 
(Heimberger 1936) and Italy (Piccarolo 1948) 
After the Second World War, poplar breeding 
programs sprang up in many countries. 

The major interest in poplar breeding has been in 

the sections Aigeiros, Tacamahaca and Leuce. 

Most of the interactional crosses have been 
between Aigeiros and Tacamahaca species 

because of ihc ease of hybridization between 
•species of these sections. It has been estimated 

that more than 90% of [he poplar cultivation 
throughout !he world is concentrated on speeies 

of the section Aigeir&s (Pourtet 1979), primarily 
because of the broad adaptability of these species 

and hybrids to sites in temperate and subtropical 
zones, iheir ready vegetative propagation by stem 

cuttings and the ease of hybridization between 
species of this section. European reports have 
been published concerning the breeding of 

Aigeiros poplars by Kopecky (1956), Langner 
(1962), Muhle Larson (1963, 1964, 1967) and 

Frohlich (1965), who has also dealt wiih poplars 
of the section Tacamahaca. 

For the Leuce section, reports on breeding have 
been published in France by Bouvarel and 

Lemoine (1957), in Canada by Heimberger 
(1958), in Germany by Seitz (1954. 1963), in 

Italy by Sckawin (1962) and in the Netherlands 

by van Vloten (1955) and Hellinga (1957). In 
Norway, the breeding of aspen has been 

discussed by Borsel and Haugberg (I960). The 

discovery of a natural triploid "gig**" aspen 
done (Muntzing 1936, Nilsson-Ehlc 1936) led to 
a great emphasis in the field of polyploidy 
which has recently declined. The most 
successful results have been obtained with Fl 

hybrid progeny of/>. nemula and P. tremuhides 
Mefchior and Seilz m6t HaHemer ;|iu] SeUz 

967, Emspahr and Winton 1976. Johnsson 
1976) as well as with hybrid clones of P alba 

and aspen species (Benson 1972. Hyun and Son 
1976, ZsulTa 1976). 

Imersectional Leuce-Aigeims and Lcucc-
Tacamahaca crosses have been more difficult to 
achieve successfully than crosses belween the 
sections Aigeiros and Tacamahaca (Stettler 1968, 

Zula 1968). These crosses with the section 
Leuce often result in dead seed or dwarfed 
seedlings (Johnsson 1956. Kopecky 1962) 
However, promising single hybrids are reported 
occasionally. Some success with difficult crosses 

has been achieved by using mixed pollen of 
viable incompatible and inviable compatible 
pollen (Stonier 1968, Knox er al. 1972). In 

addition, by using interspecific hybrids instead of 
pure species as parcnis. some difficult crosses 

have become feasible (Zufa 1968). Little work 
has been carried out on the crossability of 
poplars belonging to the sections Turanga and 
Leucoides (Zsuffa 1973a). 

Poplar Breeding and Culture i in 

The purposes behind breeding programs differ 
from one country to another, since an optimal 
economic profit depends on the best balance 

between the genetic conslitution of the trees and 

all environmental influences (Muhle Larson 

1970). In Canada, poplar breeding was initiated 
regionally in Quebec, Ontario, the Prairie 

Provinces and British Columbia with poplars that 
had local economic importance or other desired 
characteristics. 

Several poplar species grow in Ontario, and 

constitute a significant part of the hardwood 

umber. Ontario's poplar breeding program was 

developed to satisfy the needs created by a large 



number of plantar esiabhshed for intc, v, 

management on marginal, sub-marginal and good 
farmlands, and for extensive management on 

loves, soils {Zsuffa ct al. 1977). The objccuvcs 
of poplar breeding and culture in the province 
were to select and produce poplar clones with 1 

good rooting ability. (2. resis.ance to frost (3 
resistance to diseases and insects .4) las. 
growth. C5) desired site tolerance, (6. positive 
reactions to intensive site management. (/ 

desired wood quality, and (8) other desired 

biomass characteristics. 

Experience with poplar breeding in Ontario has 
been accumulated with P. X euramericana clones 

of European origin, P. deiwides and P. KJacku 
selections from Ontario, and P. alba interspecific 

hybrids of Ontario and European origin. 

Breeding has also concentrated on P. deiwides x 

tacamahaca, P. dehoides x mchocarpa. P. 
deiwides x maxhmnvk-Ji, P. deiwides x mgra. 

and P iremuloides x irenuda crosses. Selected 

trees of native species have been used in these 
crosses, and pollen from exotic parents has been 

obtained either from other countries or From 
Ontario arboreta. Progenies of exotic species 

have been established in the province to provide 

a rich gene pool for further selection and 

breeding work. 

For regular, intensively managed poplar 

plantations. P. dcltoides crosses are the most 
important. In southern Ontario, clones of P. 
deiwides % nigra, and crosses of P. deltoides and 
various Tacamahaca species, can have success. 

For northern Ontario, clones developed from 

crosses between local P. balsamifera and either 
P. deiwides varieties or other Tacamahaca 

species of good timber quality arc promising, as 

are trembling aspen selections and hybrids and 

other Tacamahaca hybrids (Zsuffa 1979). 

Growth and Yield of Hybrid Poplar 

The products of efforts in cross-breeding among 

the major poplar species have been established in 
plantations throughout the world to produce 

crops of high-quality cellulose under shori 

rations. High growth rates have frequently 
been reported for these intensively managed 
hybrid poplar plantations (Anon 958, 
Heimbereer 1958. Schreiner 1959). Productivity 
rates Of 12 to 15 tonne/ha/yr have been reported 
from many studies of SR1C of hybrid poplar 

(Zavitkovski and Isebrands 1983). 

Extensive experimentation with short-rotation 

hybrid poplar plantations has occurred at many 

American and Canadian research centers since 

these hybrids were firs, developed m North 
America. In many of the early plantings, 

established in the 1930s and 1940s, disease was 

found to be a major problem (Jensen and 
Harrington 1930, Rudolf 1948, Cram I960). 

Diseases such as Melampsora spp. leaf rust 

(Gruschow 1939) and Septoria spp. canker (Bier 

1939). as well as winter injury (Anon. 1939), 
were common. The occurrence of diseases and 

frost damage on many of the early hybrid poplar 

plantings in the United States and Canada limited 
widespread planting of hybrid poplars, and 

initialed the testing of clones for resistance to 

these injurious agents, as well as an evaluation of 
growth. Subsequent research has indicated that 

insect and disease resistance vary from clone to 

clone (Bagley 1972). Differences in the anatomy 

of the stem affect the rate of moisture loss and. 

therefore, susceptibility to some diseases 

(Bloomberg V962a.b) 

In the United States, selections of "Oxford Paper 

Company" clones produced from the initial 

crossing work carried out by Stout and Schreincr 

(1933) in Maine. U.S.A. were established and 

evaluated for growth at various locations. 

McKce (1931) reported yields of 80 cords per 

acre (approximately 729.6 m^/ha) from these 

plantings, for which close spacing and heavy 

thinning had been applied. The Lake States 

Forest Experiment Station and several other 

agencies in the Lake States received clonal stock 

from this early work, and tested many of these 

clones in Michigan. Wisconsin, Minnesota, and 

North Dakota from 1935 to 1941 (Rudolf 1948). 
The results of most of these trials were not 

promising, since most of the clones were not 

suitable for the region. Exceptions were five ol 



the Oxford paper hybrids and one hybrid 

Henry poplar (/>. x ,,£Wmvfl) from Dennuu-k 
all of which usually appeared superior. On the 
basis of these early trials, it was suggested that 
species native to tfie Lake States region, such as 
"he aspens and cottonwood, should be u.sed in 

poplar hybrids planted in these areas, since the 
Oxford Paper hybrids included mostly species 
foreign to the region along with many of the 
balsam poplar group (Rudolf 1948) A 

cooperative research program was subsequently 
'"mated in the Lake Slate to produce and lest 
aspen hybrids containing native aspens and P 

tremula from Europe (F.inspahr and Benson 
1964). Results of tests of these hybrids indicated 
that triploid aspen showed great promise in the 
area as a result of its rapid early growth and high 

speciJic gravity (Benson and Einspahr 1967) and 

investigations of hybrid aspen performance in the 

Lake States have continued since that time. 

More recently, research on intensively cultured 
hybrid poplar plantations in Wisconsin began at 
the North Central Fores: Experiment Station in 
1970 (Hansen el al. 1983). From the results of 
clonal tests, it has been found that, in general 

northeastern clones grow better in northern 

Wisconsin than do P. eurmnericana clones 
although there is not yet enough information to 
recommend particular clones for specific sites 

with guaranteed success. Instead 
recommendations have been made that local 

trials should be established to select fas,-grovvin» 
clones thai root easily, are resistant to insects and 

diseases, and are adapted to the local climate and 
soils (Hansen et al. 1983). 

Fifty of the northeastern Oxford Paper clones 
developed by Stout and Schrciner (1933) were 
planted in West Virginia and their performance 
was evaluated at the end of 20 years (Wendel 

1972). At that lime,.several of the clones had 
attained an average diameter of more than 9 

inches (24 cm) and heights of more than 70 feet 

(21 m). Results of the study indicated that 
rotations may be limited to 20 years as a result 

of the occurrence of stem cankers caused by 
Fusumon solinia. The Northeastern Forest 
Experiment Station of the USDA Forest Service 
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Iso ,es,ed 199 of these northeastern clones a. 
ncanons 1(1 Pennsylvania and Maryland 

(Dement, ,981). Average 4-year height of ,h 
clones ranged from 5.1,0 26.0 feet (1.5 to Km) 
m Pennsylvania, and 5.6 to 22.7 feet (1 7 to 7 
mj n Maryland, with signifiearu differences in 
he.ghi among clones both within and between 
locations. Twelve of these clones ranked in the 

t-pper '2.57, for heigh, at both loamons and 
grew a, the rate of 4 to 6 feet (1.2 ,o 1.8 m) per 

year. Similar growth rates were achieved by 
hybrid poplars growing on a reclaimed strip mine 
■n Pennsylvania, where they maintained an 
average growth rale of 4 feet (1.2 m) per year 

and reached 65 fee, (19.8 m) ,„ heigh, after [6 
growing seasons (Davidson 1979). 

Further west. Jensen and Harrington (1930) 
reported survival of 2% and height of 13 feet (4 

m) for II-year-old plantings of a "Northwest-
poplar clone from an early planting in Montana 

whereas George (1936) reported survival of 88% 
and height of 12 fee, (3.7 m) for Northwes, 
poplar grown under a seasonal precipitation of 
11 inches (27.9 cm) for 6 years in North Dakota 
Plantations of selected poplar hybrids and of 
Papulae delioides were also established in 
Nebraska in 1961 to examine survival, growth 
and pesi resistance (Bagley 1972). Results 
indicated that certain clones arc not high in vigor 
and performance on all sites, but rather are more-
site specific. In addition, certain clones had a 

greater ability ,han others to establish themselves 

Iro.n cuttings or rooted seedlings. Differences in 
performance can be expected among clones on a 
specific site, since each has inherent 
characteristics that interact with environmental 
conditions to affect its growth and development 

(Schremer 1959, Merritt and Bramble 1966 
Read 1967). 

In Canada, plantations of various hybrid poplars 
were established from the 1940s to the 1970s in 

several provinces, primarily with the intent lo 
select fast-growing clones for fiber production 

Testing of hybrid poplars was initiated in 
Saskatchewan to provide shelterbelts for the 
prairies, since hybrid poplars have rapid early 

growth. Since 1942, vanous poplar clones were 



,cs,cd at the Forest Nursery Station m ndian 
Head Saskatchewan, for winter hardiness. 

drought tolerance, and resistance to prevailing 

diseases (Cram I960). Of 17 of the most 
promising of these clones, survival oi the most 

outstanding clone. Populus 44-52, was 75% and 

height was 17 feel (5.2 Hi) after 6 years The 
superior characteristics of this clone resulted in 
iis wide distribution for prairie shelterbell 

planting and it was suggested for use in tree-

improvement programs. 

The growth performance of 28 poplar clones 

established in field trials in Manitoba was 

studied between 1965 and 1973 by Steneker 

(1976) with the intention of identifying suitable 

hybrids for fiber production and amenity use. 

The superior Populus 44-52 clone from Indian 
Head. Saskatchewan, was included in these 

studies. Five clones, including clone 44-52. 
were selected as potential candidates for fiber 

production and amenity uses within the province. 

Growth performance of clone 44-52 was 

evaluated further on provincial sample plots 

(Segaran and Rathwell 1978). These additional 

studies indicated differential growth rates in 

diameter and height for various site conditions. 

Segaran and Ralhwell suggested that careful site 

selection should be a major priority in the 

establishment of future trials of this clone. 

In British Columbia, various poplar hybrids have 

been established and evaluated by several forest-

products companies (Smith and Blom 1966), as 

well as at the University of British Columbia 

(Walters 1963). A private tree farm. West Tree 

Farms Ltd., was established to study growth, 

spacing, thinning and weed control in local and 

hybrid poplars. The hybrids tested included 

several Euro-American hybrids supplied from 

Ontario's poplar breeding program at Maple, as 

well as hybrids containing interior and coastal 

Populus irichocarpa that had been tested in 

Belgium for 20 years. After only 11 years in the 

field, many of these hybrids averaged 8 inches 

(20.3 cm) in diameter (DBH) and 70 feet (21.4 

m) in height (Smith and Blom 1966). The 

hybrid P. X rohusta was the most successful and 

was widely planted after initial testing (Smith 

1980). Since, by comparison with conifers in 

British Columbia, hybrid poplars can achieve 
lame diameters and heights under short rotations, 

they have an important role where quick growth 

of large trees in a short time is required. 
Therefore further research and operational trials 

on a range of sites have been recommended 
throughout the range of poplar species in the 

province (Smith 1980). 

In Quebec. 53 experimental trials with 68 hybrid 
poplar clones were established between 1963 and 

1974 throughout the province for the purpose of 
selecting clones suitable for timber and 

pulpwood production (Popovich 1982). The 
poplar hybrids used were northeastern clones 

obtained from the Northeastern Forest 

Experimental Station in the United Stales that 

were originally produced by Stout and Schreiner 

(1933). "After 10 years of growth, eight clones 

were selected as the best performers and were 

considered for use in further studies. As in other 

studies, the results indicated that careful site 

selection should be a major priority in 

establishing hybrid poplar plantations. The best 

sites were bottomlands. The most promising 

clone, NE-56, produced mean heights of 12.6 

and 9.9 m on good and average sites, 

respectively, and had excellent survival rales and 

very good stem form. 

Extensive lest plantations of hybrid poplar 

throughout southern Ontario have shown fast 

growth and high yields on many sites (Zsuffa 

1973b). The average annual height increment of 

hybrid aspen after 7 to 15 years ranged from 1 to 

1.7 m and diameter (DBH) ranged from 1.3 to 

1.6 cm. Mean annual increments attained 

between 7 and 15 years of age were between 7 

and 20 m-'/ha. These results compared 

favorably with yields of native aspen on site 

class 1; the average DBH of 9- to 15-year-old 

hybrid plantations was similar to that of 35- to 

50-year-old natural stands, and the average 

height of the hybrids equaled that of 30-year-old 

trees in natural stands. Hybrid cottonwood 

plantations showed similar yields. The excellent 

growth obtained in these early trials in 

southeastern Ontario justified the initiation of 



large-scale pulpwood production trials in that 

*™- A technology-development group was 
established m the Ontario Ministry of Natural 
Resources BrockviHe District in 1976 to develop 
technologies for poplar management in Eastern 
Region. By 198!, 388 Populus clones of 
varymg origin and parentage were being tested in 

the region (Anon. 1983). The best hybrid poplar 
varieties ,n ihese trials grew to 12.5 m in heigh, 

and 165 cm in diameter (DBH) in 7 years and 

were 17.4 m high and 18.8 cm in DBH a, age 
12; they also achieved mean annual increments 

ol 8m3/haat:ige7and29mVhaa. age 12 
(Zsufla et al. 1977). These values are excellent 
m comparison with the MAI of native poplar 

stands on Ontario, which even on site class 1 

reach a maximum of only 6.3 m ̂/ha at 50 years 
of age (Pionski I960). Growth of a number of 
hybrid poplar clones in southwestern Ontario was 
studied by von Al.hen (1981b), who found [hat 
the heighl and diameter of 5-year-old clones 
varied widely, and therefore suggested that to 
obtain ihe highest possible yield from a given 
sue, only clones that have grown well on similar 
sites should be planted. 

Recent studies by Khali] (I984a,b) Investigated 
Ihe perlormance of 32 hybrid poplar clones of 
various species in the boreal region of 

Newfoundland. Clones were tested on four 
different sites, and the results provided 
guidelines for ihe selection of clones best suited 
lo the boreal environments represented at these 
sues. Significant variation occurred among 
clones and locaiions 4 years after outplanting 
Superior clones have been identified for the 
cnVIronmentaI conditions represented by each 

test site on the basis of genetic stability and 
productive quality. The results confirm those 

from many other trials, which indicated that 
poplar clones vary in their growth characteristics 
and site requirements, and therefore cional 
selection decisively influences the success of 
hybrid poplar management. 

In recent years, many studies of yield physiology 
have been carried out in SRIC hybrid poplar 

plantations. These investigations of yield were 
■mended to provide baseline morphological and 
Phys;o ogical information on «£ gS 
could then be applied to increased productivity 
of plantations by deliberate manipulation of 

!£ tTof I|1C tree"srowth i 
A. the North Central Forest Experiment Station 
in Rhmelander, Wisconsin, a research program 
was initiated in 1978 to provide physiological 

cntena for improving SRIC plantations 
Usebrands e< al. 1983). Integrated studies of 
Crown morphology, photosynthesis, and 
photosynthate distribution have been conducted 
m relation to biomass yield, as expressed by 
traditional growth analysis. In SRIC poplars 
leaf characteristics such as age, structure and 
size, orientation, lype of shoot on which the leaf 

's located, and distance from main stem have 
important effects on both photosynthetie rate and 

on the distribution of photosynthesis within the 
tree (Isebrands and Nelson 1980, Michael et al 
1980. Nelson and Ehlers 1981, Isebrands 1982 
Nelson and Michael 1982, Isebrands and Michael 

It is now recognized thai biomass productivity in 
poplars ,s closely related to total leaf area 

(Larson and Isebrands 1972, Zavitkovski et al 
1974. Isebrands and Nelson 1982). Aspects of 
leaf growth have been studied as they relaie to 
stem growth (Ridge el al. 1986), since a detailed 

knowledge of the relationship between the 
components of leaf growth and tree productivity 

would assist efforts to increase the productivity 
of hybrid poplar plantations (Heilman and 
Stettler 1985. Weber et al. I985j. Ridge et al 
(1986) found thai stem growth was rarrelaied 
with individual leaf area and leaf growth rate. 

Several investigators have found differences 
among hybrid poplar clones in terms of 

partitioning of dry mailer, phoiosynthetic and 

respiration rales, and various gas-exchange 

parameters (Fasehun 1978. Pallardy and 

Kozlowski 1979, Ceitlemans et al. 1980) Cain 
and Ormrod (1984) used growth analysis to 
compare the early growth of two hybrid P x 



euramericana clones and a clone of each of 
Populus deliohks and Popuhis nigm. The 

hybrid clones grew more vigorously than did the 
species clones with regard to most of the 
measured parameters, including plant dry weight, 

leaf dry weight, leaf area and rool dry weight. 

Species and clonal differences in the time of 

bud-set and the time and extent of leaf abscission 

have been observed in hybrid poplars (Isebrands 

1982). These differences greatly affect both the 
quantities and distribution patterns of exported 

photosynthate within the tree. 

The results of the many yield-physiology studies 

on SRIC hybrid poplars suggest that cooperative 

efforts amona silviculturists, physiologists and 

oeneticists toward establishing a physiological 

basis for intensive culture of these hybrids 

should provide new strategies for increased 

yields in hybrid plantations. 

Utilization of Hybrid Poplar 

The utilization of short-rotation, fast-growing 

hybrid poplars as a wood supply for the wood-

products industry has aroused much interest in 

the past decade. However, SRIC material differs 

from conventional fiber in that it is both juvenile 

and rapidly grown, and these conditions affect 

wood properties, which in turn affect wood-

product quality. 

It has been demonstrated that numerous Populus 

hybrids produced by SRIC systems do have 

potential for use as a wood source to produce 

kraft pulp for some paper grades (Einspahr el al. 

1968, Marlon et al. 1968, Laundrie and Berbee 

1972, Cheng and Bensend 1979, Zarges et al. 

1980). In a study of the kraft-pulping qualities 

of four hybrid poplars from a plantation on 

Manitoulin Island, Ontario, the hybrids were 

comparable to or better than those of either 

select fresh-cut or seasoned native poplar 

obtained from the Thunder Bay region (Holder et 

al. 1977)- Three of these hybrids also showed 
potential for chemi-refiner mechanical pulp. 

Similarly, pulp yields produced by the 

magnesium-bisulfite and refiner-groundwood 

processes from trials in southeastern Ontario 

proved to be similar or superior in quality to 

locally grown poplar and mixed hardwoods 

(Zsuffa 1973b). Phelps et al. (1985) found that 
wood chips from SRIC hybrid poplar plantations 

mixed with conifer chips to supplement the 

furnish for kraft pulping produced paper of 

acceptable quality. Additional studies have also 

indicated the suitability of various poplar hybrids 

for use in other products, including structural 

flakeboard (Geimer and Crist 1980) and 

hardboard (Hutehinson 1981, Myers and Crist 

1986). 

Factors Affeciinti Pulpwood Suitability 

The reported studies confirm that although the 

properties of SRIC hybrid poplars are those of 

juvenile and fast-grown wood, they are still 

suitable for producing pulp products of 

acceptable quality. The anatomical 

characteristics of wood are closely related to the 

quality of pulp and paper produced from it. 

Wood' with long fibers, low percentages of 

vessels, ray cells and gelatinous fibers, and a 

high percentage of thin-walled fiber cells is most 

desirable foMhe paper industry (Dadswell and 

Wardrop 1959, Dadswel! et al. 1959). The 

relative amounts of holocellulose and alpha-

cellulose, aitd to some extent the specific gravity, 

are also important in determining the pulpability 

of wood (Murphey et al. 1979). 

The strength of paper is controlled primarily by 

the strength of interfiber bonds produced by the 

crossing of fibers. Long wood fibers result in a 

greater number of interfiber bonds, thus 

increasing paper strength. Although juvenile 

materials have shorter fibers than mature 

materials, the average cell-wall thickness of 

juvenile material is less than that of older 

material. These thin-walled cells collapse readily 

into the desired ribbon shape to provide ;i large 

surface for bonding and are pliable, so the fibers 

can conform to each other and form strong 

bonds. Consequently, although there are less 

interfiber bonds with the short fibers, the bonds 
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present are strong enough that the resulting 

strength properties of the paper are acceptable 

and within most product standards (Crist 1983). 

Conirary to popular belief, the rapid growth of 

hybrid poplars does not detrimentally affect the 
mechanical strength properties of their wood but 

rather prolongs juvenility (Crist 1983) In fact 
Marion et al. (1968) observed, for four hybrid 
poplar clones, that not only did increased growih 

rale not decrease pulp quality, bui that ihe faster-

growmg trees within a clone actually gave the 

best pulp quality. Based on these results ihe 
authors suggested that forest managers be 

advised to grow selected poplar material at the 

maximum rale possible in production plantations. 

High bark contents arc generally not desirable in 
pulpwood production. Although SRIC hybrid 
poplars have high bark contents because of their 
small-diameter, branchy stems, [he bark is not as 
detrimental as that from 0]der slems The 

abundance of the cell types in bark that decrease 
paper quality increases with increasing a«e 

Young stems harvested from short-rotation 
plantations have not developed many of these 
cells {Crist 1983). 

Il is well known that in Popuius species, the 
formation of tension wood is common, especially 
in young poplars grown under intensive culture 

(isebrands and Parnham 1974, Anderson and 
Zsulfa 1975) since tension wood has been 

associated with rapid growih (Berlyn 1961 
Correns 1961, While and Robards 1965' 
Isebrands and Bensend 1972). Tension wood is 
not a desirable component in chemical and 

semichemica! pulping; allhough it increases 
yield, il decreases strength properties of ihe 

paper produced (Panshin and de Zeeuw 1949) 

In a study of the effects of pulp containing 
tension wood produced from the hybrid poplar 

clone "Tristis No. 1" (Pamham et al. 1977) 

allhough the pulp was inferior to that of normal 
wood, a compared favorably with that obtained 
irom conventional pulps of other young or 
maturc hardwoods (Barker 1974) Thus 

Parnham et al. (1977) slated that even with a 
high percentage of tension wood in its fast-

growth juvenile stems, this clone, and perhaps 
■similar ones, may hold promise as a valuable 
source of hardwood fiber. 

A number of genetic and cultural factors can 
affect the quality of wood thai can be produced 
from intensively cultured hybrid poplar 
plantations, Clonal variation in several 
properties that influence wood quality (e » fiber 

length, specific gravity, lignin, tension wood, and 
extractive content) has been demonstrated for 

various hybrid poplar clones (Cheng and 

Bensend 1979, Crist 1980), indicating that these 
properties arc probably under strong genetic 
control and thai part of the selection criteria for 
clonal use should be based on the quality of the 
raw material. Blankenhorn el al. (1985) also 

demonstrated that sire, rotaiion length, and tissue 
age and pareniage can affect the chemical-
content values (e.g.. extractives. li-min 

holocellulo.se, alpha-cellulose) of hybrid poplar 
clones. These results suggest that cultural and 
harvesting decisions can influence selected 
chemical properties of wood produced in short-
rotation hybrid poplar plantations. No effecis on 

wood properties of hybrid poplar clones under 
SRIC have been observed as a result of spacing 
(Holt and Murphcy 1978, Murphey et al 1979 

Phelpseial. 1982). Thus, planting to maximize 
b.omass per hectare is the criterion to he applied 
lor such short-rotation .stands. 

Vegetative Propagation 

The advantages of autovegetative propagation of 
poplars have Jong been known. Propagation 
techniques that depend on the inherent biology of 
the species or hybrid have been developed for 
various poplars. Through vegetative propagation 
large numbers of poplar species and hybrids are 
reproduced each year in many countries and 
made available for practical cultivation. 

Hardwood Ste em 

Many hybrid poplars can be successfully 
established from dormant stem (hardwood) 
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cuttings (Farmer 1973, Fege 1983) and. as a 

result a great deal of knowledge has 
accumulated concerning the collection, storage 

and planting of poplar hardwood cuttings. Hie 
tooting of such cuttings provides a convenient 
and relatively inexpensive means of establishing 

fast-growing, intensively cultured clonal poplar 

plantations. 

One-year-old stems and some older woods of 

poplars from the sections Aigeims and 
Tacamakam contain preformed root primordia 
that generally originate in ray tissue oi the 

secondary phloem (Shapiro 1958, Braun 1963. 
Smith and Wareing 1972a, Haissig 1974. 

Hartman and Kester 1975). Rooting ol such 
Stems directly in field plantations is relatively 

easy, since these root primordia need only to 

increase in length and size. Bloomberg (1963) 

observed for several poplar hybrids that 
adventitious roois develop first along the cutting 

and then later at the basal end during the rooting 

process. It has also been shown that 

physiologically mature dormant cuttings from 

older trees can be rooted under greenhouse 

conditions after treatment with indole-butync 

acid (IBA) (Farmer 1966). 

Cutting orchards (stool beds) of poplar clones are 

commonly managed in nurseries for the 

production of dormant, unrooted hardwood 

cuttings from 1-year-old slump sprouts. 

Numerous cuttings for plantations of hybrid 

poplar (Anon. 1983. Hansen et al. 1983) and 

cottonwood (McKnight 1970) have been 

produced in this way. In this system, the stool 

beds are established by planting high-quality, 

disease-free hardwood cuttings at regularly 

spaced intervals in site-prepared nursery beds. 

Cultural practices such as weed control, 

fertilization, irrigation and pest eradication are 

employed throughout the growing season to 

maximize the production of cutting material. 

Maintenance of healthy plants is essential, since 

vigor of cuttings has been related to nutrition ol 

the parent shoot (Anon. 1979b, Hartman and 
Kester 1975). The shoots that sprout from the 

clonal stools are generally allowed to grow for 
two seasons so that a strong root system can 

develop (llanscn et al. 19S3). At this point, 

there are generally 4 to 10 sprouts (whips) per 

rootstock, from which 5 to 8 cuttings (each 20 to 

25 cm long) can usually be harvested, depending 

upon ihe clone and the condition of the shoots 

(Fcge 1983). The rootstocks are usually cut 

back to within 15 cm of the ground every 1 or 2 
years during the dormant season, and the 

resultant coppice growth is harvested annually 

from this point on for cuttings. Rootstocks can 

usually be harvested for 4 to 8 years, until 
sprouting vigor is reduced to a degree at which 

cuttings can no longer be produced (Fege 1983). 

Various factors that affect the regeneration of 

rootstocks have been studied, including season of 
harvest and cutting method. Several studies 

indicated that the sprouting vigor of coppice 

shoots is greatest when harvests are made during 

the dormant season (Dcbell and Alford 1972, 

Lee and McNabb 1979, Strong and Zavitkovski 

1983) and that stems should be severed as close 

to the ground as possible during harvest to 

prevent decay and loss of biomass (Lust and 
Mohammady 1973, Crist el al. 1983, Strong and 

Zavitkovski 1983). 

Dormant hardwood cuttings may also be rooted 

and planted as container stock rather than being 

planted directly in the field. The advantages of 

this approach (Hansen el al. 1983) are that (1) 

even small-diameter cuttings survive and grow 

well, (2) the planting season may be extended, 

and (3) survival may be improved on harsh sites. 

These advantages make the use of containerized 

rooted cuttings especially useful for research 

purposes, where high survival rates are required 

to obtain accurate trial results. 

Factors Affecting Rooting of Cuttings 

Success in the establishment of hybrid poplar 

plantations depends on a variety of factors that 

affect the ability of the cuttings to develop early, 

vigorous root systems. Genetic variation in 

rooting characteristics has been reported both 

among and within various poplar species 

(Cunningham 1953. Bloomberg 1963, Wilcox 

11 



and Farmer 1968. Ying and Bagley 1977) Oilier 
factors such as collection time, stem dimensions 
and physiological quality of cuttings, as well as 

environmental factors thai affect cutting vigor 
musi be considered in order io produce high-
quality propagation materials. 

Hardwood cuttings must be collected after the 
shoots have achieved some degree of dormancy 
in the fall, and before dormancy has ended in Ihe 

spring (Fege 1983). Investigations of the effects 
of collection time on culling performance after 
planting were made by Allen and McComb 
(1956) and Fanner (1966): rooting performance 
was better for cuttings harvested during ihe 
dormant season. For each of these studies 

cuttings were planted under greenhouse 
conditions immediately after their collection 
which, for practical purposes, would not really 
be possible on an operational plaining scale. 

iMost commercial nurseries thai produce 
hardwood poplar cuttings slore them after 
collection at near-freezing temperatures for some 
period of time, often up to 4 months, before 

plaining. The temperature and conditions at 
winch dormant cuttings are stored have a strong 
influence on their vigor after outplanting (Fege 
1983). Smith and Wareing (1972b) found that 
bud development and rooting of dormant hybrid 
poplar cuttings were significantly affected by 

certain constant or variable temperature regimes 

and Bloomberg (1963) observed that the number 
length and weighi of root initials emerging from 

cuttings increased with temperature for several 
poplar hybrids. Although most nurseries store 
cutlings ai temperatures between -2 and 2°C 

(Fegc 1983), acceplable survival of hybrid poplar 
cutlings stored at tempcraiures well below 0°C 

has been reported (Cram and Lindquisi 1981 
Phipps and Netzer 1981). Fegc and Phipps 
(1983) studied the storage of seven hybrid poplar 
clones for 5 to 9 months ai a range of 
temperatures from 2°C Io -20X. They found no 

significant differences in the height of cuttings 
stored ai all temperatures regimes ai Hie end of 
the first growing season. The resulis suggesl 
that nursery managers could successfully store 
hardwood cultings at any of the evaluated 

temperatures so long as ihe cuttings have been 
collected after Ihe plan, material has achieved the 
required degree of dormancy. However since 
shoots and roots were seen to emerge at Hie end 
of ihe storage period from cultings held at -3°e 
and 2°C, ii was suggested that more flexibility in 
scheduling planting could be gained by storing 
cuttings ai lower temperatures, since such 
flushing did no. occur. I, has also been shown 
tbfit ihe incidence of blackstem fungus, a disease 
thai commonly develops during storage of 
cuttings, was lower and survival of hybrid poplar 
clones was higher when cuttings were siored at -
3 C rather lhan |°C (Ostry and McNabb 1982). 

Environment factors such as light (Shapiro 
U58) aild moislure {Allen and McComb 1956 

Bloomberg 1963; are also known to have a' 
major influence on ihe moling ability of cuttings 
it has been shown [ha. there is a correlation 
between soil moisture content and rool 
production in poplar eulling.s (Allen and 
McComb 1955. Larsen 1957). Several studies 
have indicated lhai wanning and soaking cutlings 
prior io planting increases subsequent survival 

ami growth, particularly under dry conditions 
Edwards and Kissock 1975, Peiersen and Phipps 
1976. Phipps 1978, Krinard and Randall 1979) 
Various planting guides have recommended 
soaking as a procedure in establishing plantations 
with unrooted cuttings (McKnight 1970, Phipps 

ci al. 1977). A recent study of the relationship 
between soil moisture (ension and early growth 
ol hybrid poplar cuttings indicated that, for all 
clones studied, tooling and shool growth 
increased with increasing soil moislure and 

warming and soaking cuttings to the point of 

imminent root emergence accelerated early shoot 

growth (Hansen and Phipps [983). Based on 
these results, the authors suggested thai cuttings 
should be warmed and soaked io ihe point of 
root emergence and subsequently planted in 

moisi soil. They also slated that wanning and 

soakmg can largely compensate for unavoidable 
situations in which soil moisture is less than 

desirable and irrigation is unavailable. Phipps el 
al- (1983) found that root length, root dry 
weight, percentage of bud flush and shoot length 

increased with soaking of cutlings. as soaking 
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increases early root growth, which essentially 
extends the growing season. Fcge (1983) 
recommended that cuttings be soaked in water at 

about 15°C ibr 7 to 10 days before planting, 

until rool primordia begin to emerge from the 
bark and cuttings are fully imbibed. However, 

cullings must not be soaked beyond the point of 
rool emergence since subsequent planting will 

break off "or damage many of these emerged 

initial roots. Removal of initial roots was found 
lo decrease shoot growth and subsequent rooting 
of planted hardwood hybrid poplar cuttings 

(Bloomberg 1963). 

Rootina success of cuttings is often related to the 

cutting's position on the shoot (Bloomberg 1959. 

Hartman and Kesler 1975). The rooting capacity 

of several poplar clones increased with distance 

from the tip of the stem, and 3-mm basal 

cuttings produced significantly greater numbers, 

total length and weight of roots than cuttings 

taken from the second I5-CTO length from the Up 

(Bloomberg 1963). Hansen and Tolsted (198!) 

found increases in rooting of poplar cuttings 

from the lower position of the stem for a 

difficult-io-root clone, and Ying and Bagley 
(1977) observed similar effects with cottonwood 

clones from a variety of geographic sources. 

Another important measure of culling quality is 

diameter. It has generally been observed that 

small-diameter cuttings from the tip portions of 
shoots have fewer preformed root primordia 

(Smith and Warning 1974) and, as a result, do 
not root or grow as well as cuttings from basal 

stem portions. In addition, total carbohydrate 

reserves are greater in larger-diameter cuttings 

(Fege 1983). Dickman et al. (1980) found, for 

several hybrid poplar clones, that survival and 

growth of cuttings generally increases with 

increasing cutting diameter. These authors 

suggested that although clones differed in then-

response, cuttings less than 6 mm in diameter 

should not be used for field plantings. Bowersox 

(1970) found that height growth was correlated 

with cutting diameter for the first 2 years alter 

outplanting" but ihis relationship no longer held 

by the third year after outplanting. 

Cutting length is known to influence survival of 
outplanted cuttings. Although cuttings are 
commonly 20 to 25 cm in length and planted 

flush with the ground (Anon. 1983, Fege 1983). 
longer cuttings are better able to survive in the 

field than shorter cuttings under conditions such 
as moisture stress. McKnight (1970) 

recommended the use of 50-cm cottonwood 

cuttings planted with all but 5 cm beneath the 

soil for use in plantations in the southern United 

States. Allen and McComb (1956) observed that 

the survival, number of roots and shoot growth 
of 45-cm cuttings of cottonwood was at least 

double that of 15-cm cuttings. Thus, shorter 

cuttings are generally recommended for use on 

shallow soils, and 50- to 80-cm cuttings inserted 
,o a depth of 30 to 40 cm are suggested for 

deeper soils to increase survival (Anon. 1979b). 

Softwood Stem Cuttings 

In addition to using hardwood cuttings, softwood 

or greenwood cuttings of poplar can also be used 
to propagate clones rapidly under mist (Randall 

and MilW 1971). This system is used by 
horticulturists, and has been used successfully 

in experimental and production nurseries in the 

United States and Europe (Koster I968J. Phipps 

(1976) states that the rooting of softwood 
cuttings of some poplar clones in commercially 

manufactured containers has proven to be a 

reliable method for the establishment of research 

plots. However, the rooting performance of 

different clones is variable, and various rooting 

media have been found to affect both the rate 

and the form of rooting. 

Root Cuttings 

For poplars of the section Leuce, dormant stem 

cuttings are difficult to rool since few to no 

preformed latent rool primordia exist in the 

shoots (Frohlich and Weisgcrber 1984). Thus, it 

has not been possible to achieve practical, large-

scale propagation of aspens and their hybrids by 

means of rooting cuttings, although some rooting 

of stem cuttings treated with root-promoting 

growth regulators has been achieved (Schier 
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19X0). However, vegetative propagation of 
young, succulent aspen rool suckers thai arise 

from excised tools is possible (Schier 1978) 
Tins propagation technique was developed in 
Europe for Populus tremuk (Muhlc Larson 
1943) and various adaptions have been 
successfully applied for aspens and their hybrids 

in North America (Farmer (963. Barry and 
Sachs [968, Benson and Schwalbach 1970 
Hicks 1971, Starr 1971, Zula 1971, Schier 
1^78). Variation in rooling has been reported 
among clones of P. tremuhidea under mist 

propagation (Barry and Sachs 1968) and Benson 

and Schwalbach (1970} reported much better 
rooting success with P. Uermiloides than with P 

grandidentata. However. Zula (1971) found (hat 
rooting of p. grandidentata was comparable to 
ihat of P. trcimdoides. 

The misting method generally involves 
propagating root suckers from roots that have 

been placed horizontally and covered with some 
form of rooting media such as coarse and fine 
sands, vermiculitc or mixtures of sand and 
vermiculite (Maini and Horton 1966. Barry and 
Sachs 1968, Benson and Schwalbach 1970 Tew 
1970, Schier 1978). Root suckers arc'then 
placed in a medium such as coarse sand (Farmcr 
1963), sand and venniculite (Benson and 
Schwalbach 1970) or perlite and vermiculite 
(Barry and Sachs 1968, Schier 1978) after 
having been treated with IBA in order to 
increase the percentage of cuttings that root and 

Hie number of roots produced (Farmer 1963). 
Cuttings are then subjected to mist for 2 to 3 
weeks, by which time most clones will develop 
root systems (Schier 1978). 

Tissue Cuhui-f 

In recent years, the possibility of vegetatively 
propagating poplars by means of tissue culture 

has been investigated. The use of this technique 
tor forestry has been stimulated by the success in 
autovegetative large-scale propagation by means 

of tissue culture that has been achieved 
throughout the world since the 1970s with many 
plant species in agriculture, fruit growing and 
horticulture (Morel I960, Fast 1980). This 

technique could be ..specially useful for aspens 
which are difficult to root from dormant stem 
cuttings, since it offers the possibility of fast and 

relatively unproblematic plant production 
Consequently, the research on poplars to date has 
been concentrated principally upon the aspens P 
tremuta andP, tremulouies(Winton 1968 \9i[-
Christie 1978; Chalupa 1981; Schmid m\-

Ahuja 1983; Frohlich and Weisgerber 1984)' 
The propagation method as applied to aspen has 
been described in detail by Barocka ct al (1984) 
and Frohlich (1982). The main sieps in the 

procedure, as summarized by Frohlich and 
Weisgerber (1984), involve (1) gathering and 
treatment of meristematic tissues from the 
vegetative points of the plant shoot (2) 

formation of callus and shoots, (3) shoot 
proliferation. (4) root proliferation, and (5) 
development of piantlets in the greenhouse and 
nursery. 

Hybrid Poplar Establishment 

The period of plantation establishment is that 
period of time from initial site preparation until 
the tree canopy closes (Hanscn et al 1983) 

During this period, several key steps must be 
taken to ensure that the establishment of an 
intensively cultured hybrid poplar plantation will 
be successful. This series of s1Cps includes 
thorough site preparation, selection and matching 
of clones to the site, proper planting procedures 
and weed control. Initial spacing is an important 
factor that must also be considered in the 

establishment phase. Additional procedures may 
also include fertilization and irrigation. 

Site Preparation 

Initial site preparation is generally required to 
loosen the soil and control weeds that will 
compete with hybrid poplars (Hansen et al. 

1983). It has long been recognized that newlv 
planted hybrid poplars are very sensitive to 
competition from grasses and broadleaved weeds 
(Hesmcr 1951), since early growth is directly 
conelated with the available area of grass-free 
and weed-free soil (Schreiner 1945). Controlled 
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experiments have shown ihiit the presence of 

weeds significantly decreases root, shool and 

volume growth, ihe number and weight oi 

leaves, and the foliar composition of poplars 

(Aird 1962). 

Site preparation is an expensive procedure, and 

therefore is a substantial part of the mvestraenl 

in the establishment of a hybrid poplar 

plantation. However, once trees arc planted. 

weed control becomes much more difficult and 

often results in some Iree mortality or reduced 

growth. Thus, money spent on site preparation 

may be offset by even greater savings in the long 

run (ilanscn el al. 1983). There arc several 

methods that are commonly used to prepare sites 

for planting hybrid poplar: (1) plowing and 

disking, (2) fallowing (repeated tillage for a 

season before planting), and (3) no-till (treated 

with herbicides). These site-preparation methods 

may be used singly or in combination. 

To reduce costs, site preparation has been tried 

only in strips or in plots where the trees are 

planted for various hardwoods including hybrid 

poplar (Lane and McComb 1953. Bey et al. 
1975. von Althen 1981a). Because hybrid poplar 

grows fast, the lateral roots grow quickly and 

can reach 2.2 m in length by the end of the first 

growing season (Hansen 1981). As a result, if 
only partial site preparation is carried out, the 

poplar mots are quickly forced to compete with 

undisturbed weeds outside the prepared areas, 

even in widely spaced plantations. Il has been 

shown that mechanical site preparation by 

plowing and disking of the entire site promotes 

the best growth of hybrid poplars (and other 

hardwoods) in southern Ontario (von Ahhen 

1981b). This study also showed that reduced 

growth resulted when strips of only 1.2 to 2,7 m 

wide were plowed and disked, and growth was 

even poorer in no-till strips in which herbicides 

were applied. No poplars survived in strips 

without herbicide or tilling. 

In a study of five site-preparation treatments 

consisting of combinations of tillage and contact 

(glyphosate) and pre-emergent (linuron) herbicide 

application, treatments had little effect on 

survival, but the effects on second-year height 

growth were significant and additive (Hansen ct 

al. I984a,b). Increasing the number and types of 

site preparation increased tree height and 

apparently had a cumulative effect on weed 

suppression. The best growth was obtained with 

a summer fallow-with-herbicide treatment 

consisting of two applications of glyphosate 

followed by plowing and repeated disking, plus 

spring disking and application of linuron at 

planting lime, A comparable growth response 

was obtained from a less intensive fallow 

ireatmenl consisting of one application ot 

glyphosate followed by plowing and disking and 

subsequent spring disking and application ot 

linuron at planting time. The results suggest thai 

the combined site-preparation system of a contact 

herbicide plus tillage is desirable to control 

allelopathic vegetation such as quackgrass or 

fescue and their residual toxic effects. The 

herbicide kills the weed cover and tillage 

increases soil temperature and speeds up the 

microbial decomposition of residues and 

breakdown of allelopathic chemicals. The least 

effective treatment in the study was no tilling 

with one fall application of glyphosate. 

This study confirms previous studies on the 

results of not tilling before planting hybrid 

poplars on imperfectly drained clay loam soils in 

soulhern Ontario. Hansen ct al. (1984a,b) 

suggest that the no-till treatment for hybrid 

poplar is probably not as suitable as other site 

preparation methods involving tillage in more 

northerly latitudes, but more suitable in the 

longer and warmer growing seasons in the 

soulhern half of the corn belt and further south, 

as indicated by agricultural studies. No-till and 

other practices that leave soil residues on the soil 

surface result in higher soil moisture in the 

rooting zone and lower spring soil temperatures 

(Crosson 1981). These conditions are an 

advantage on droughty soils, but are 

disadvantageous on poorly drained soils. In 

contrast. McKittrick el al. (1986) found that 2-

ycar results of no-till trials with iwo Euramerican 

hybrid poplar clones planted in southern New 

York State indicated thai chemical competition 

control wilhout exposing mineral soil was 

successful. These results suggest that the soil 

and climatic conditions of these more southerly 



hybrid poplar plantations may be more amenable 
to no-till site preparation. 

Fall plowing is recommended as the most 

effective site-preparation treatment from an 

operational standpoint (Hansen et al. 1984a,b), 

since it does not require an idle growing season 

before planting as do fallow treatments and Ls 

not significantly different from them in terms of 

its effeci on height growth. In addition, fall 
plowing requires less energy than deep plowing, 

which has noi been shown lo increase height 

growth significantly, or fallow treatments, which 

require repeated disking (Vaughan et al. 1978). 

A fail plowing treatment, recommended by 

Hanscn el al. (1983). is similar to that 

recommended by von Althen {1979) for 

abandoned farmland in southern Ontario. The 

recommended schedule involves disking and then 

plowing during the fail before spring planting, 

after mowing heavy vegetation and applying^ 
post-emcrgem herbicide such as glyphosate lo 

resprouting vegetation and grass. In the spring, 

just before planting, it is recommended that the 

site be disked again and a pre-emergent herbicide 

such as linuron or diuron be applied to control 

germinating annual weeds and grasses for 

approximately 4 to 8 weeks. 

In southeastern Ontario, two major chemical-

mechanical site-preparation options are used for 

establishing hybrid poplar plantations (Anon. 

1983). The first involves the application of 

glyphosate to Ihe site, followed by plowing and 

disking several limes in the summer before 

planting occurs. The second option involves 

plowing and disking of the site followed by 

incorporation of EPTC (a non-selective site-
preparation chemical) into the soil during the 

summer before planting. For both methods, the 

site-preparation investment is protected by 

applying a pre-emergent herbicide (generally 
simazine) to the site in the fall before planting. 

Clonal Selection 

Studies have shown that significant clone-site 

interactions exist (Randall and Mohn 1969; 

Demerit! 1979; Hansen et al. I984a,b; Rogers 
1986). Individual clones tend to have a unique 

set of highly specific site requirements, needing 

large volumes of water but also good soil 

aeration. Hybrids of the balsam poplars tend to 

be relatively tolerant of extremes of site 

conditions, such as poor aeration. Aspen hybrids 

favor drier sites because their root systems tend 
to be quite extensive, with many deeply 
penetrating sinker roots. 

Because of the specific site requirements of 
hybrid poplar clones, they must be carefully 

matched to sites to ensure good survival and 

growth. Information concerning the growth of 

hybrid poplar clones on specific sites has been 
obtained from clonal trials that have been 

established on a variety of site types (Anon. 

1983; Hansen et al. I984a.b). H has been 

suggested that such trials should last for many 

years because the clonal ranking changes as 

diseases or unusual frosts slow the growth of 

some previously fast-growing clones (Schreiner 

1972) and since Ihe importance of various pests 
also changes with tree age (Hansen et al. 

1984a,b). Evaluations made closer to the 
anticipated rotation age will therefore provide a 

better basis for clonal selection (Wilkinson 1974 
Hansen et al. 1983). 

Plant in;; 

Dormant hybrid poplar hardwood cuttings are 

usually planted vertically, with the soil packed 
firmly around the cutting. Good contact between 

the cutting and the soil is necessary to eliminate 
air pockets and ensure good rooting. In addition, 

the top ends of the cuttings must not be damaged 

during planting or the resulting callus tissue will 
produce multiple shoots rather than one main 

shoot (Barkley 1983). Horizontal planting of 
cuttings has also been evaluated for various 

species, but is generally noi recommended for 

poplars. Bloomberg (1963) found that 

significantly more roots were produced by 

cuttings of iwo hybrid poplar clones when they 

were planted upright and vertically instead of 

vertically inverted or horizontally. However, 
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there was no effect on P. trktecarpa cuttings as 

a result of planting position. 

lly onlv I or 2 cm of the uy of the 
^L is left exposed (Fegel983) an cuttnjgs 

are often planted Hush with the ground (Bd k > 
,983) However, in the southern States 

cottonwood cuttings have been planted with 5 
cm exposed (McKnighi 1970). In studies to 
^ermine the effeets of planting depth. Hansen 
e, al (1983) found that the fewest main shoots 
were produced when 20-em cuttings were 

planted Hush with the ground surface m a ml 
Lam; however, first-year shoot height was less 
than thut of cuttings planted al shallower depths 

(either 10 or 15 cm). 

In southern Ontario, it has been recommended 
that dormant cuttings be planted in early spring 

for hybrid poplar plantation establishment (Anon. 

1983 Berkley 1983). as soon as frost leaves the 
soil since cool wealher and wet soil reduce the 
risk of seedling desiccation at that time. Based 
on this guideline, planting time may be as early 
as March in warmer climates, and as late as early 

June in the northern United States and Canada 
Hansen et al. (1983) found that in studies over 3 
years, dormant hybrid poplar cuttings planted in 

mid-May grew consistently more during the 
growing season than those planted in April, but 

that differences between planting dates from 
April to early June were slight for plantations m 

Wisconsin, in these studies, it was observed that 

fall planting was successful in only one ol the 
three years as a result of frost heaving, most 

probably because of light snowpacks during the 

years of plantation failure. 

In a more recent study, Hansen (1986a) 

investigated the effects of planting dates irom 
mid-April to mid-November for soaked versus 

unsoaked hybrid poplar cuttings under irrigated 

versus umrrigated and weedy versus weed-free 
conditions in northern Wisconsin. Survival was 

»ood for all planting dates at the end ol the firsi 

growing season, but cuttings planted from July 
Through to mid-November showed greatly 

reduced survival by the end of the second 
growing season. The tallest trees alter two 

g seasons were those planted in mid-May. 
££S» of clone, soaking, irrigation or weed 
tl-catments. These results imhcaie that the b^ 
growth is not achieved it cuttings are planted 
hnmediately after frost leaves the ground to 
northern Wisconsin. Since the actual optimum 
plantins date would change with location and 
|OCal climatic conditions, the author 
recommended that a soil temperature ot 0 C 
may be used as a first approximation of the 
optimum time to plant hybrid poplar cuttings. 

Weed Control 

Weed control in intensively cultured hybrid 

poplar plantations must be maintained until the 
plantation is 'Tree to grow". This condition is 

reached when the plantation is above the 

minimum stocking standard and is judged to be 
free from competing vegetation (Armson et al. 

1980). Achievement of this state may require 

several years, depending upon growth of the 
irees and other factors including plantation 

spacing. 

Control of competing vegetation in hybrid poplar 

plantations can be done chemically, 

mechanically, or by means of cover crops. Each 

of these approaches, used singly or in various 

combinations, has been successful in establishing 

intensively cultured hybrid poplar plantations at 

various locations. However, under certain 
conditions, each method also has drawbacks 

(Hansen et al. 1983). The ultimate success ot 

various weed-control measures depends on the 

specific site and climatic conditions (Hansen 

1984). 

Netzer and Noste (1978) conducted a study in 
Wisconsin to evaluate the effects of 12 herbicide 

treatments on competing vegetation and the 

growth of the hybrid poplar clone "Tnstis #1 on 

three sites. The herbicides tested included 

linuron, dichlobenil, simazine. paraquat and 
glyphosate, at various rates, which were applied 

in either the first, second, or both growing 

seasons. The sites included a clearcut forested 
site an abandoned farm field with established 
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sodand a well 
Held. 

required for various herbicid 
es to 

venation was p.esentto,^ 
Three treatment,, involving moderate 

Ration rates of linuron alor,e and m 

combmat.on with paraquaf or glyphosate, showed 
«~or eventually improviflg ^ 

A study by von Aithen (1981a) gave slightly 
better results for hybrid poplar alter rototilling 
^ with the application of the herbicide 
simazme at various rales and suggested that it is 
advisable to apply this chemical only in the 
second and later years alter planting, when the 
trees have rooted and become more tolerant of 
the herbicide. Cunningham and Sowers (1965) 
found that simazine was no substitute for 
cultivation in hybrid poplar plantations because 
application rates Of 2.2 kg/ha or more greatly 
reduced the survival of the poplar clones' 
Polyethylene mulch has been tested as an 
alternative to mechanical weed control for 
establish^ hybrid poplar (Bowersox and Ward 

I )10). Although establishment success with this 
method was found to equal or exceed that 
achieved by mechanical weed control the 
material is expensive and its application is labor-
intensive. 

Danfield et al. (1983) tested the effects of several 
herbicides (glyphosate. linuron. pronamide and 
dichiorbenil) at several rates and on several spray 

dates on 1-year-old hybrid poplar. Their results 
indicated that all herbicides controlled weeds and 
did not seriously injure ihe trees when applied in 
early Spr,ng or late fall, but applications earlier 
m the fall or later in the spring caused various 
amounts of mjury and reduced height growth 

depending on the herbicide and its application 
rate. Since herbicide injury increased as the 

number of leaves on the developing terminal 
shoot increased, the number of leaves may be a 

bener indicator than date for determining when 
herbicides may be safely applied to hybrid poplar 
plantations in the spring. Further testing is 
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va.on and leguminous ^ 
o ops, on survival ami height growth of 2-year-

ybnd popiars. These authors found\ha, 
cultivate and herbicides used singly or in 
combmat.on gave consistently better results than 
Z °[ller [real™"* tested and they 
recommended using a pre-emergen, herbicide a, 
*e "me of planting, possibly followed in 
midsummer on some sites with cultivation or a 
contact herbicide. The best herbicide treatment 
tested was a pre-plan.ing application of linuron 
followed by a midsummer application of 
glyphosate, Linuron is a safe herbicide for 
Poplars since it is applied just before planting 
and prevents germination of weed seeds for 4 to 
6 weeks. I, also allows glyphosa.e application to 
be delayed until the trees are bigger and hardier 
winch reduces damage to them. Glyphosate is 
very difficult to apply after planting without 
causing damage. It has been shown that actively 
growing young poplars arc easily damaged by 

even small amounts of glyphosate spray drift 
when less than I year old (von Aithen 1979 
Akmyemnu e. al. 1982), although clonal 
variation „, toxicity has been observed 

(AkmyennjuandDiektmm i982a,b). Cultivation 
alone resulted in generally good tree survival and 
height growth, although a herbicide treatment 
(inuron) followed by cultivation resulted in 
-shghlly better tree growth and survival The use 
of a legume gave good first-year height growth 
and survival, but by ihe end of [he second 
growing season, when the legume had become 

more established, the results were not as good 

Ihe question of the effect of a cover crap on 
hybrid poplar growth was studied earlier by Ford 
and W.li.amson (1952). who found thai irec 
growth was significantly better with certain 
eguminous cover crops than with non-
leguminous cover crops, possibly beeause of 
nitrogen provided by the legumes. However 
although all cover crops established at the lime 
or planting excluded weeds from the site these 



crops seriously inhibited tree growth. Tree 

growth in cultivated plots was much superior to 

Thai of trees grown in association with legumes. 

There is no one spacing that is best for tiic 

establishment of an intensively cultured hybrid 

poplar plantation. A particular spacing will not 

affect the biomass ultimately obtained from a 

plantation, so long as the principle of harvesting 

when the mean annual biomass increment 

reaches a peak is observed (Hansen et al. 1983). 

However, the selection of a particular initial 

spacing is very important, as it affects the 

physical characteristics of the crop trees and the 

lime and cost required to produce them. 

Plantation establishment and harvesting costs are 

higher in dense plantations than in more widely 

spaced plantations, since more materials are 

required for planting, planting costs are higher 

and harvesting is less efficient. Logging and 

processing costs have been shown to decrease 

rapidly in trees above 25 cm DB11 (Krinard and 

Johnson 1975). However, the duration of weed 
control required is shorter in dense plantations, 

where canopies close rapidly (often by the 

second growing season) and thus shade out 

weeds, hi more widely spaced plantations, weed 

control may be required for several years 

(Barkley 1983). 

Rotation length generally increases with spacing 

for specific site conditions and cultural 

treatments applied. Ek and Dawson (1976) 

indicated that, in dense plantings (0.23 x 0.23 
m), mean annual biomass increment culminates 

at an age of approximately 3 years. In more 

open stands, the maximum mean annual 

increment was not reached until age 9 
(Zavitkovski, unpublished data). In southeastern 

Ontario, intensively cultured hybrid poplar 

plantations are established at a spacing of 3x3 

m, and rotation length is expected to be 10 years 

for most clones and site conditions (Anon. 1983). 

Studies have shown that wider spacings and 

longer rotations drain less nutrients from a sue 

than do closer spacings and shorter rotations 

(Hansen and Baker 1979). The removal of 
nitrogen, in particular, and to a lesser extent of 

phosphorus and potassium, can be reduced with 

longer rotations. 

It is well known that the spacing of trees has a 

major influence on crown architecture in SR1C 

hybrid poplar plantations (Dawson et al. 1976, 

Nelson el al. 1981) and crown architecture in 

turn has a major influence on forest productivity 

and yield (Pollard and Wareing 1968, Larson and 

Gordon 1969. Zavitkovski et al. 1974, Farmer 

1976. Isebrands and Nelson 1979). Spacing 

influences the photosynlhelic rate of leaves and 

the leaf area available for intercepting the light 

falling upon the tree canopy (Dickman 1979). In 

poplars, it is known that there is a elose 

correlation between productivity, in terms of 

wood yield, and leaf area (Larson and Isebrands 

1972. Larson et al. 1976). It is also well known 

that an increase in spacing increases the crown 

surface (and probably root surface) of individual 

trees, and therefore causes an increase in the 

proportion of branchwood produced (Ek and 
Dawson 1976). In other words, spacing changes 

affect biomass distribution throughout a tree. As 

a result, maximum wood fiber production per 

unit area is achieved at very close spacings (1.2 

m or less), which allow early increases in leaf-

area index (Dickman 1979). Leaf-area index 

expresses the total leaf area of a plant canopy 

per unit of land area covered. At wider 

spacings, leaf-area index builds up slowly to low 

levels; however, leaf area per tree is much 

greater than in closely spaced plantations and, 

therefore, growth of individual trees is fostered, 

producing larger trees for a given rotation length 

(Dickman 1979). 

The physiological effects caused by spacing 

changes have been observed in several spacing 

studies of hybrid and other poplars. In a spacing 

study of hybrid poplar and cottonwood. Smith 

and Blom (1970) observed that close spacings 

(1.8 m) produced the highest yields under short 

rotations, but that growth of individual trees 

increased up to very wide spacings (9.8 m). At 

this very wide spacing, the hybrid P. grandis 

produced three times the average basal area of 
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trees at the 1.8-m spacing after only 2 years. 

These authors recommended a minimum spacing 
of 3.7 m for this hybrid and for coiionwood 
when planting costs and net yields, which 
increase rapidly with tree size, are considered 

Al this spacing, yields of 15-year-old cottonwood 
exceeded yields of natural cottonwood, observed 
by Mahon (1966) in the Lower Fraser River 
Valley, in one-fifth the time. Thus, it was 

concluded that the selection of a proper spacing 
can enhance yield per unit area. 

Krinard and Johnson (1975) reported 10-year 
results of spacing trials on cottonwood in the 

southeastern United Slates. For conditions in 
[hat area, they found that there i.s no apparent 
best spacing, hut that certain spacings appear 
best for a particular endpraduct. Consequently, 
these authors recommended that the forest 

manager should decide on the endproduct before 

planting. From the results of these spacing trials 
n was observed that a minimum 2.4- x 2.7-m 

spacing would be best if the trees are to be 

harvested and pulped at an age of 8 or 9 years, 
since this spacing produced as much volume as 

trees spaced at 1.2- x 2.37-m spacing, but 

required less planting and harvesting. As well, 
larger trees with less bark were produced. If 

only trees > 13 cm DBH are to be pulped. 

Krinard and Johnson recommended a spacing of 
either 2.4 x 2.7 m or 3.7 x 3.7 m. since 

though the 2.4- x 2.7-m spacing produced 9% 
more volume in 44% more trees than the 3.7- x 

3.7-m spacing, ihere were three times as many 
unmerchantable trees in the more closely spaced 

plots. For other products such as sawtimber, for 
which larger trees are required, they 
recommended wider spacings (e.g., 4.9 \ 5.5 m) 

for 10-year rotations. If mixed producis such as 

pulpwood and sawtimber are desired, the authors 
suggested a 3.7- x 3.7-m spacing, since 

flexibility is provided for harvesting pulpwood at 
only slightly less production than at the best 

pulpwood spacing, and subsequent production 
can be exiended into sawtimber with only a 

slightly longer rotation and somewhat better bole 
quality than at the 4.9- x 5.5-m spacing. 

In souiheastcrn Ontario, spacings for intensively 
managed clonai plantations are chosen lo allow 

the optimum growth of trees to the desired size 
and to maximize yield while ensuring that the 
site is fully utilized. Plantations established at a 
range of spacings from 1.8 x 3.7 m to 6.1 x 6 I 

ni indicated that, after the fourth year of growth, 

the closer spacings restricted diameter growth' 
^though tree height appeared to be unaffected 
(Zsutia et al. 1977). Smith and Blom (1970) 
observed that, for hybrid poplar spaced at 1 8 m 
trees grew faster in height for the first few years 

alter planting than did [hose at wider spacing 

but that eventually height became fairly uniform' 
in all spacings. 

Fertilization and [rri«; ition 

Research into fertilization and its application in 
forestry has progressed greatly in recent decades 
(Hansen 1986b). At the same time, there has 
been increasing interest in irrigating forests to 
increase tree growth (Debell et al. 1977, Hansen 

I97K). The general relationships between 
nutrient and moisture effects on plant growth are 
well established. Plant growth usually increases 
with an increasing supply of moisture, to some 

optimum level (Hansen 1976). Plants respond to 

fertilization in a similar way as to water 

(Morrison 1974): there is an area of deficiency, 
an optimum range, and an area of excess. Thus 

for maximum fiber production, it is necessary to 
define the combinations of fertilizer and water 
that are necessary for oplimum growth. Results 
or early studies in Wisconsin have shown that 

fertdization and irrigation of SRIC hybrid 
Popiilus greatly enhances growth and yield, by 

as much as six times the yield of natural aspen 
stands (Ek and Dawson 1976). 

Several short-rotation hybrid poplar systems, 
representing a likely range of spacings, rotations, 
and various cultural practices including 
fertdization and irrigation, have been evaluated 

by means of discounted cash-How models 
(Ferguson et al. 1981, Lothner et al. 1981, Rose 
et al. 1981). The results of these studies have 

been mixed. Systems that include both irrigation 
and fertilization have shown negative returns, 

with irrigation being the most uneconomic 
operation. No systems with fertilization alone 
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have been evaluated. Detailed information and 
analyses are required to determine whether 

fertilization will pay for itself by increasing yield 
enough that the returns will be greater than the 

cost (Lothner L986). 

1. l-'erlilization: 

Nutrient requirements are very high in SRiC 
plantations, and there arc high nutrient removals 
from the site during harvesting. Applications ot 

fertilizers may be necessary to achieve optimum 

production by genetically improved tree varieties. 

Near-optimum nutrient levels for volume 

production have been determined for some 

hybrid poplars (Einspahr 1971). Several studies 
on the foliar nutrient levels required for 
maximum growth showed little difference among 

,he Popuhts species tested (Bonner and 
Broadioot 1967: Einspahr 1968, 1969,. 
However, it is possible that nutrient and water 

requirements for maximum growth may vary 

among clones, and it may therefore be possible 
,o select clones with efficient nutrient utilization. 
A comparison of P. deitoides clones from three 

geographic sources showed that trees from one 

source utilized nitrogen and potassium 50 and 
100% more efficiently, respectively, than trees 

from the other sources (Blackmon et al. 1979). 
In another study, a comparison or 50 clones of 
Populus u-ichocarpa and its hybrids showed 
significant differences among clones in nitrogen, 

phosphorus and calcium within the aboveground 

biomass (Heilman and Stettler 1985). 

The importance of adequate nutrient levels has 

been studied in terms of the effects ot certain 

nutrient concentrations on wood properties of 

several poplar species and hybrids. Foulger and 
Hacskaylo (1968) found that when seedlings ol 

p. d&ltoides were deprived of potassium, their 
lower stems had shorter, narrower fibers and 
narrower annual rings, and upper stems had 
narrower vessel elements than did controls. 

Foul°er et al. (1971) found that fiber length in 
the same species was greatest when nutrients 

included about 17 ppm nitrogen and 53.1 ppm 

potassium, but other nutrient relationships were 

not clearly established. Cutler and Murphey 

(1978) investigated the wood anatomy ol a 

hybrid poplar clone in relation to the 
concentration of potassium in solution. Their 

results showed that stems grown in 2 and 50 
ppm potassium solutions were taller and heaver 

than stems grown in 10-. HI0- and 150-ppm 
solutions. Percentages of wood and pith in stem 

cross sections varied among treatments, but the 

percentage of bark remained the same. Both 

vessel element and fiber lengths and diameter 

were affected by potassium levels, as was vessel-
element cell-wall thickness. Fiber cell-wall 

thickness, however, was not alfected by 

treatment. 

The major questions concerning fertilization of 

plantations are (1) whether or not to fertilize, 

and if so. (2) when fertilization should take 

place (Lothner 1986). The main objective of 
fertilization is to maintain or enhance site 

productivity. Fertilization is generally 

concentrated on the one nutrient (or the few) that 
is deficient and that limits growth thereby. 

Nitrogen is the nutrient generally most deficient 

for poplar and most likely for other species 

(Hanscn 1986b). Hansen and Tolsted (1985) 

found that fertilizing hybrid poplar with nitrogen 

for the first 5 years increased growth by from 50 
to 400% depending upon the site and level of 
nitrogen applied. Optimum fertilization rates are 

generally about 110 to 168 kg/lia/year (Hansen 

1986b). Weber et al. (1985) applied nitrogen 

fertilizer (ammonium nitrate) twice during a 4-
year test of the productivity of P. Irichocarpa 

and its hybrids on a plantation site, considered 
low in fertility, in western Washington. Nitrogen 

was applied at rates of 150 and 75 kg/ha in the 

third and fourth growing seasons, respectively. 
Phosphorus was not applied to the site because 

relatively high levels were already present in the 

foliage of the clones. 

Yield gains are also related to site fertility. In 
the study by Hansen and Tolsted (1985). 

fertilization produced large gains on a sandy-

loam site with annual applications of N up to 

168 kg/ha/year. but little growth increase 

occurred after the first 3 years on a more fertile 

silt-loam site. The study also showed that 
fertilizing with phosphorus and potassium alone 
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did not improve biomass yields above what 
could be obtained with nitrogen alone. 

Several studies of various types and rates of 
fertilizer have been carried o.n on planted hybrid 
poplars in Quebec. Menetrier (1979) found that 
phosphorus was the most important nutrient far 
hybrid poplar growth at the lime of 
establishment, bui that nitrogen became most 
important later on. Menetrier and Vallee (1980) 
found that application of 28 kg/ha of nitrogen in 
Of-m-wide strips 3 weeks after planting, 
followed by the application of Ii2 kg/In 
nitrogen on l-,n-wide strips after ] year gave 

the best cost/yield ratio after 3 growing seasons 
In this study, as in die previous one, ,he 
application of phosphorus alone was better than 
Jfcat of nitrogen alone at the lime of planting 
Levels of fofe phosphorus were better 
correlated with height and diameter growth than 
were levels of foliar nitrogen. There was no 

significant difference between the fertilizer types 
used at planting after one growing season, bu, 

after 3 years, NH.NO, + iriplesuperphosphate + 
t^O4 (with supplementary nitrogen in the 
second year) gave the best results In a 

■subsequent study, Sheedy (1982) fertilized two 
hybnd poplar clones with various combinations 
ol nitrogen, phosphorus and potassium (as urea 
inplesuperphosphate and K,SO4, respectively) 
immediately after planting, and measured growth 
over a 4-year period. Growth of both clones was 

increased by fertilization. Length, width and 
mass o! leaves were increased by up to 58 68 

and 145% respectively. Nitrogen, phosphorus 
and potassium concentrations in the leaves 
increased, and the number and length of 

branches increased by up to 50 and 162% 
respectively. Height growth was increased by up 
to 72%, total height by up to 29%, and diameter 
by up to 69%. The strongest response was to 
mtragen, and the most effective treatment 
consisted of 150 g urea, 354 g triple-
superphosphate, and 150 g K,SO4 per tree It 

was also noticed that although both clones 
sustained high levels of frost mortality, damage 

was generally less in the fertilized trees. 

There are biologically and economically 
optimum times to fertilize daring a rotation. 
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Pert,hzat.on at planting time may no, be as 
beneficial as originally thought, because nutrient 
availably from exposed soil is often sufficient 
lor good plant growth on all bu, the most 
impoverished soils, and early fertilization often 

iSrV°TtitiOri from vveeds CH^n 
986b). Therefore, it has been suggested that 

perhaps fertilization should be delayed until 
Crown closure, when weeds are shaded out 

Conversely, in SR1C plantations, weeds are 
controlled by cultivation or herbicides and 
nmnem demands are high, so early fertilization 
may be necessary (Hansen 1986b). Studies in 
forestry have shown that the continual addition 
ol nutrients, in balance with tree nutrient uptake 
results in superior tree growth (Ingestad 1970)' 
n any case, trees should be fertilized only when 

they need additional nutrients for growth and 
'!»s involves determination of" the most 
appropriate time to fertilize on the basis of soil 
and plant tissue samples (Hansen 1986b) 
Agricultural research indicates that fertilizer 
recovery is usually greatest when the fertilizer is 
applied at the beginning of the period of greatest 
Plant growth. This time might be in June for 
poplars. 

Mineral fertilizers have been the predominant 
ma.enal used in forest fertilization, and they will 

probably continue to be (Mayer-Krapoll 1956-
Anon. 1968. 1973). However, other methods" of 
fertilization have also been tried. Effluents and 
sludges from municipal and industrial sources 
provide potential sources of nutrients for fast-
growing tree crops (Urie 1975). Using such 
material takes advantage of the needs to both 
dispose of wastes safely and to provide nutrients 
to crops. Mgating hybrid pop]ar ^ 

"'ill effluent has produced good tree growth 
(Hansen et al. 1980). The trees removed 
essentially all nitrogen and phosphorus from the 
effluent, which helped to clean it The 
disadvantage of this approach was that most 
sodium, chlorine, and SO4 in the effluent reached 
the water table, posing potentially serious aquifer 
contamination. 

Nitrogen-fixing plants have also been used to 
maintain or improve forest productivity Tests 

with various combinations of nitrogen-flxin. 



species and crop trees have shown thai the 

nitrogen-fixers can increase tree growth as much 

as mineral fertilizer (Haines and DcBell 1979). 
However, there are presently only limited 

applications possible for this approach, and 

further research is required (llansen 19K6b). 

Certain methods of decreasing nutrient removal 

and loss from a site are known. Harvesting 

plantations younger than 7 years old results in 

greatly decreased nutrient-use efficiency. Hansen 

and Baker (1979) observed that nitrogen-

utilization efficiency was three to six times 

greater in 7- to 20-year-old than in 1- and 2-

year-old intensively cultured poplar plantations. 

The longer rotation results in both lower nutrient 

concentrations and a smaller proportion of the 

total biomass in high-nutrient-concentration 

components. Removing only ihe tree 

components that contain the lowest nutrient 

concentrations also increases nutrient-utilization 

efficiency. It was found that harvesting only 

bolewood, which has the lowest nuiricnt 

component, from a 7-year-old cottonwood 

plantation removed 69% of the abovcgimmd 

biomass-, but only 23% of the nitrogen (Carter 

and White 1971). However, the foliage added 

only 5% to the aboveground harvested biomass, 

but accounted for M% of the total nitrogen in 

the aboveground components. Thus, the 

nitrogen-utilization efficiency of the bolewood 

was 20 limes that of the foliage. Some potential 

exists for increasing nutrient-utilization efficiency 

if harvesting is done in the early fall, before 

major nutrient iranslocation from leaves to wood 

and bark occurs, although this approach could 

result in some loss of wood and bark production 

(Hansen and Baker 1979). Increased nuiricnt 

utilization through this method would be possible 

only if leaves are left on the site. 

2. Irrigation: 

Irrigation of forests is generally done to increase 

yields on sites where the addition of moislure 

would increase tree growih. Thus, irrigation may 

be thought of as a substitute for insufficient soil 

moisture-storage capacity. Hansen (1983) 

classifies sites and the associated yield response 

as a result of irrigation into the following three 

categories: 

1) Very droughty soils on which there is no 

tree growth or the existing trees arc 

noncommercial. Irrigation of such sites 

creates new commercial forest land, and a 

maximum gain in wood production. 

2) Land wilh chronic soil-moislure deficits, 

which depress tree growih and may result in 

substantial mortality as a result of infrequent 

droughts. Irrigation of these sites increases 

Ihe probability of producing a commercial 

forest crop. 

3) Land that is nearly certain to have sufficient 

soil moisture lo produce a forest crop. 

Irrigation under these conditions would 

slightly increase yields. 

Although irrigation increases yields in all three 

categories, the magnitude of the increases differs 

greatly. 

Irrigation of forest irees usually increases iree 

growih (Hansen 1978). Zahner (1968) stated 

that even small decreases in soil moisture tension 

will increase the growth of forest trees. 

Irrigation research with hybrid poplars supports 

these conclusions. In a study of hybrid poplar 

planted at a 1- x 1-m spacing in Wisconsin and 

irrigated for three consecutive years, irrigation 

consistently increased iree growth {Hansen 

1983). The wettesi irrigation treatment, which 

produced a soil moisture tension of -0.3 bar, 

produced yields 76 and 44% greater than those 

of unirrigaled controls at the end of the second 

and third growing seasons, respectively. 

Irrigation increased yield by about the same 

amount (1.5 lonne/ha/year) in both years. The 

study also showed that, although irrigation 

increased yields, it was not necessary for 

growing trees on the site (which would probably 

fall into category 3). 

Hansen et al. (1983) slated that soil moisture 

tension should be -0.2 bar or more al the time of 

planling. A growth-room study indicated that 

the early shoot growih of unrooted hardwood 
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hybrid poplar cuttings increased as soil moisture 

tension increased to at least -0.05 bar. indicating 

that new plantations should be kepi moist 

(Hansen and Phipps 19X3). These results agree 

with the conclusions of Stanhill (1957) and 

Zahncr (1968) that yields are greater with wetter 

soil moisture regimes. However, it may not 

always be necessary to irrigate newly established 

plantations, especially if weed control is good, 

since soil moisture tensions in weedy planiations 

are severe, and can therefore be reduced if weeds 

are eliminated. Hansen (1983) found that 

unirrigated, newly planted hybrid poplars, which 

had little weed competition after weed control, 

survived and grew satisfactorily even though 

iherc was exceplionally low rainfall in July and 

August of the year of establishment. Because 

good weed control is much less expensive than 

irrigation, it may therefore be an alternative 

solution in some situations. However, if drought 

occurs earlier in the season (May and June), it 

may increase the need for irrigation during 

plantation establishment. Soil moisture can also 

be conserved by soaking plantings prior to 

planting to compensate for dry (-0.6 bar) soil 

moisture conditions (Hansen and Phipps 1983). 

Thus, whether or not irrigation is necessary for 

successful plantation establishment depends on 

the conditions during the growing season and on 

the condition of the cuttings themselves (if 

dormant hardwood cuttings are used), as well as 

on ihe degree of weed control achieved. 

It is also very important to maintain high levels 

of soil moisture after the trees begin to grow. 

Hansen (1983) found that tree volume of hybrid 

poplar was greatest at the wettest soil moisture (-

0.3 bars), almost double that of unirrigated trees, 

during the first 2 years of growth. The results 

indicated that the management objective should 

be to maintain high soil moisture levels by 

irrigation whenever possible. Heilman and 

Stettler (1985) used a tensiometer to determine 

the need for irritation, throughout several 

consecutive growing seasons, for hybrid poplar 

trial plantations in Washington. 

Because irrigation is very expensive, it may not 

be economically justified on the basis of 

increased yields alone (Hansen 1983). The 

justification for irrigation must also rely to a 

large extent on (I) bringing previously 

unproductive land to higher levels of production, 

and (2) the insurance value of greatly reducing 

the risks of growth or mortality losses from 

drought, or secondary damage by insect and 

diseases. Trees under water stress are more 

susceptible to diseases (Haywood and McNabb 

1979) and insect pests (Stark 1965). which can 

contribute to tree decline or death even after 

moisture is restored. It may also be possible to 

use sewage or industrial effluent for the common 

objectives of tree irrigation, fertilization, and 

waste disposal, as investigated by Hansen el al. 

(1980) and discussed in the section on 

fertilization. This approach would be more 

economical, since it would provide additional 

benefits beyond fiber production alone, thus 

making irrigation a feasible option. Further 

research on this approach is required. 

POTENTIAL OF LARCH FOR SHORT-
ROTATION FORESTRY 

The Genus Larix 

The larches arc tall, deciduous, coniferous trees 

with spreading branches, and all are shade-

intolerant, pioneer species noted for 

exceplionally vigorous growth. Although there 

have been difficulties with Ihe taxonomy of 

genus Larix, there are 10 species that arc 

generally recognized, as well as several varieties 

(Dallimore and Jackson 1948, Rehder 1954, 

Genys 1960, Carlson and Blake 1966). These 

species are distributed in cooler regions and on 

mountains throughout the northern hemisphere. 

Four of these species arc located in Southeast 

Asia, three are in North America, two are in the 

Soviet Union, and one is in Europe. The species 

are classified in the sections Multiseriales and 

Pamiseriales on the basis oflhe length of bracts 

on the cones in relation to the length oflhe cone 

scales (Patschke 1912). Species in section 

Multiseriales have bracts that are longer lhan ihe 

cones, giving the cones a spiny or hairy 

appearance. Species in section Paudsehales 

24 



Table 2. Larix species and their distribution. 

SECTION 

Species or variety 

Geographical 

distribution 

MUITISERIALES 

Larix occidentalis 

(Western larch) 

Larix lyaHii 

(Alpine Larch) 

Larix potamnii 

(Chinese larch) 

Larix muslcrsiana 

(Master's lurch) 

Larix grijfuhii 

(Himalayan or Sikkim larch) 

I'AllClSERlALliS 

Larix laricina 

(Tamarack) 

Larix decidua var. decidua 

(European larch. Alpine variety) 

Larix deciduu var. pohmica 

(European larch. Carpathian variety] 

Larix siberica 

(Siberian larch) 

Larix gmelini var. gmelM 

(Dahurian larch, Daliurian variety) 

Larix gmelini var. olgensis 

(Dahurian larch, Olga variety) 

Larix gmelint var. principis rupprecktU 

(Dahurian larch, Prince Rupprechl variety) 

Larix gmelini var. japonic^ 

(Dahurian larch, Kurile variety) 

Larix ieptolt'pis 

(Japanese larch) 

North America 

North America 

Asia 

Asia 

Asia 

North America 

Europe 

Europe 

Europe and Asia 

Asia 

Asia 

Asia 

Asia 

Asia 

have bracts that are shorter than the cone scales, 

which gives the cones a smooth appearance. In 

addition, species belonging to section 

Uultiseriales generally have strongly keeled 
leaves, whereas species in section Pauciseriates 

are generally flat, or at most only slightly keeled 

(Schoenike 1961). Table 2 presents the species 

and varieties and indicates their ranges. In 

addition to the 10 recognized species, the larch 

found in the northeastern part of the European 

portion of the Soviet Union and the Urals was 

assignee! to a separate species in 1947 by Dylis, 

which he called the Sukacbev larch (Larix 

sukacsewii). This classification is currently 

disputed by Bobrovy (1982) after studies in 1973 

and 1978. 

It is believed that the larches are 

closely related, and that most 

interspecific crosses arc possible 

(MacGillivray 1969)- Natural 

interspecific hybrids of alpine 

larch and western larch have been 

reported in areas where the ranges 

of the two species overlap 

(Carlson and Blake 1966); the 

same is true for Chinese larch and 

Master's larch (Wright 1962), and 

for Dahurian larch and Siberian 

larch (Syrach-Larsen 1937). In 

addition, various larch species 

under cultivation have been 

known to cross spontaneously, 

including Japanese larch and 

European larch (Henry and Flood 

1919), Japanese larch and Siberian 

larch (Dallimore and Jackson 

1954), and tamarack and 

European larch (Rehdcr 1954). 

Genetics and Breeding of 

Larix 

The larches have been of great 

interest to foresters and geneticists 

throughout the world because of 

tha potential of many of the 

species for reforestation and tree 

improvement. Tree improvement 

take advantage of the early research can 

flowering habit, rapid juvenile growth, and wide 

spectrum of adaptability of larix species and 

hybrids to maximize wood production under 

short rotations (MacGillivray 1969). 

Variation 

Provenance studies of several larch species have 

indicated significant amounts of variation in a 

wide range of characteristics both within and 

among species. There arc also appreciable 

differences in site requirements for optimal 

growth and development, which include, for 

some species, a strong adaptation to the hroad 
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climatic conditions thai prevail over their natural 
range (Rauter and Graham 1983). The 

International Union of Forest Research 

Organizations (IUFRO) initiated an international 
larch provenance study in 1940 (Genys I960). 

Scedlots of 55 provenances, including 51 of 

European larch. 2 of Siberian larch. I of 
Japanese larch, and I thai originated from 

sponianeous European and Japanese larch 

hybrids, were distributed to 11 different countries 
in Europe and North America. European 

provenance trials coniaining European larch 

indicate that [here are significant differences 

between four isolated geographical regions 

(Alpen, Sudeten. Tatra and Polen) of this larch, 

and significani differences within the Alpen 

region (McComb 1955). Provenance [rials of 
European larch in the United Slalcs have shown 

similar results: the Sudeten provenance grows 

the fastest and the Alpine provenance the slowest 
(Gicrtych 1979). Rcsulls from trials in Canada 

at Ihe Petawawa National Forestry Instiiuie 

(PNFI) further substantiate the European and 

American findings, and also indicate that 
Sudctan sources that have gone through at least 
one generation of seleciion and improvement in 

Denmark are even better than material from the 

original source (Calverl and Rauter 1978). 

Japanese larch has a limited range in central 

Japan, where the rugged topography has lead to 

the development of distinct populations through 
geographic isolation. Interest in Japanese larch 

increased greaily after World War II. and in 

1955. a worldwide program of provenance 
studies was initiated, which included tests in 

Canada and the Uniied States (Toda and Mikami 

1976). These and additional provenance siudies 

in New York (Slairs 1966), Maryland (Genys 

1972). Wisconsin (Lesier 1964), Michigan {Lee 

1976), Minnesota (Pauley el al. 1965)"and the 
Midwest (Farnsworth et al. 1972) in the United 

Slates and in New Brunswick (Park and Fowler 

1983) in Canada have indicaied that provenance 

variation in this species is not geographically 

related, but is instead random. Thus, Hie growth 

behavior of a provenance in one area will noi 

necessarily be the same under different 
conditions (Wright 1962). 

Studies of the variation of tamarack in North 

America have been undertaken, and have 

indicated thai individuals are highly variable 
(Rehfeldt 1970). [n contrast to both European 
and Japanese larch, tamarack has a more or less 

conlinuous transcontinental distribution from 

Newfoundland lo Alaska. Genetic variation 
across the range of the species is expected lo be 

clinal, with gradual changes occurring along 

environmental gradients (Rauter and Graham 

I9S3). A range-wide provenance siudy of 
tamarack was initiated in 1977 in Canada al 

PNFI, although difficulties in obtaining adequate 
supplies of seed slowed implementation of the 
trial (Murray 1982). 

Breeding 

Breeding work has been carried out for a 

considerable time for Lam, especially in the 

European and Japanese larch species. A greai 
deal of the early breeding work was done in 

Denmark by Syrach-Larsen (1934) in the early 
1930s on these and other larch species. Much of 

Ihis work concentrated on self-pollination as a 
means of inbreeding to evaluate selected trees by 

studying the variation within families and the 

eventual emergence of deleierious genes (Syrach-

Larsen 1956). Inbreeding and outcrossing work 

with these two larches and with the hybrid L. 

eurolepis was continued by Keiding (1967) to 

select vigorous individuals for ihe purpose of 
establishing seed orchards. 

Interspecific hybridization of Lartx has been 

carried out with many species in an attempt lo 

obtain geneiic improvement of the resulting 

hybrids. Many known larch hybrids arc valuable 

because they combine desirable characteristics of 
boih parents and they also exhibit hybrid vigor 

(MacGillivray 1969). Thus, the greatesi geneiic 

improvement in larch will probably occur 

through hybridization (MacGillivray 1969, 
Jeffers and Iscbrands 1974). 

Because of the close relationship of many 

larches, all natural crosses that have occurred 

between species in the wild and under cultivation 
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have been repeated by artificial pollination, with 

the possible exception of crosses between 

Chinese larch and Master's larch (MacGillivray 

1969). Japanese larch has been very widely used 

in interspecific hybridization. Hybrids from 

natural or controlled pollination have been made 

with Japanese larch and L. decidua, L. gmelini, 

L. gmelini vm.japonica, L. gmelini var. olgensis, 

L. gmelini var. prindpis rupprechtH, L 

occideimrfis, L. sibirlca and /-. laridna 

(Dimprimuir 1959. Fairbairn 1959. Schoenike 

1961. MacGillivray 1967, Wang 1971). All 

Intercedes crosses made within the section 

Paudseri<ik'sha\ebcen successful (Wang 1971). 

but the cross between /-. decidua (section 

Paudseriales) and L orcidenhdis (section 

Multiseriales) produced only one triploid hybrid 

(Syrach-Larsen and Westergaard 1938). 

Artificial crosses have also been made between 

European larch and Dahurian larch (Al'benski 

19401, European larch and Western larch (Wright 

1962), European larch and Siberian larch 

(Syrach-Larsen 1956. Fowler et al. 1973). 

European larch and tamarack, tamarack and 

Siberian larch, and a cross of tamarack and 

Japanese larch with European larch (Fowler et al. 

1973). 

The best known larch hybrid is the "Dunkeld" 

larch, which is the result of a cross between 

Japanese larch and European larch. The cross 

has been given the scientific name of L. x 

eurolepis. The parents of this very vigorous 

hybrid were Japanese larches from the estate of 

the Duke of Alholl at Dunkeld, Scotland. These 

Japanese larches were established from seed 

brought from Japan in approximately 1S83 or 

188<T (Chittenden 1932), sown in 1KS4 and 
outplanted in 1887 (Brown 1899). Hybrid seed 

was first produced when European larch growing 

close to the Japanese larches frequently cross-

pollinated them (Edwards 1956). The first 

artificial controlled crossings between these 

larches were undertaken by Leven in 1924 and 

1925 (Syrach-Larsen 1956). 

Improvement Programs 

In both Canada and the United States, tree 

improvement work on several Lartx species has 

recently been initiated, since it has become 

apparent that this genus 1ms potential for genetic 

improvement and subsequent management under 

short rotations (Schrciner 1970), 

In northeastern North America, European larch. 

Japanese larch, their hybrids and tamarack are 

being included in several breeding programs. In 

New York State, five clonal seed orchards of 

Japanese larch have been established since 1966. 

and the International Paper Company in Maine 

has planted a 2.5-ha orchard. Additional clonal 

seed orchards will probably be established in the 

northeast with trees selected from plantations and 

provenance trials (Carter and Simpson 1985). In 

New Brunswick, pbenotypically desirable 

Japanese larch trees have been selected from a 

provenance trial, grafted, and planted in a seed 

orchard (Fowler 1975). These clones are 

undergoing progeny testing to identify superior 

clones. 

Because European larch exhibits widespread 

geographic variation in growth rate, stem form, 

and disease resistance (Baldwin 1966). seed 

source plays an important role in tree-

improvement programs for this species. 

Provenance tests in Canada and the United Stales 

have shown that the most promising sources are 

from southern Poland and northern 

Czechoslovakia. There is presently no breeding 

program for European larch in the northeast, but 

seed should be obtained from the previously 

mentioned provenances for reforestation (Carter 

and Simpson 1985). 

Al the Maritimes Forest Research Centre in New 

Brunswick, larch improvement work has been 

earned out to select superior hybrids. Hybrid 

Japanese x European larch have been produced 

and tested on a limited scale, although no steps 

have been taken for their mass production at this 

point (Fowler 1975). One of the most promising 

hybrids so far is the (L. laricina x L. leptolepis) 

x L. decidua cross. 

Tamarack improvement programs that emphasize 

extensive plus-tree selection followed by grafting 

and seed-orchard establishment are also in place 

in Maine and eastern Canada. The New 

Brunswick Tree Improvement Council (NBTIC) 
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has developed a breeding strategy for tamarack 
(Simpson 1983). 

In Quebec, genetic-improvemeni programs have 
been undertaken on Japanese larch and European 
larch, and clonal seed orchards have been 
established from trees selected from the best 

provenances of these species (Slipanic 1975). 

Controlled crosses between both species are 

planned to develop more productive hybrids 

under local climatic conditions (Vallee and 

Slipanic 19831. Because of ihe lack of stability 

of cold hardiness in the Japanese larch 
provenances tested, genetic improvement of this 

species has been initiated by the creation of 

multi-provenance orchards established in three 
regions of southern Quebec. 

In Ontario, early Iree-improvement work began 
at PNFI, concentrating on European larch, with 

a minor interest in Japanese larch. Recent 20-

year measurements indicate that only seed from 

proven sources should be used in establishing 

plantations of exotic larch in Ontario (Calvert 

and Rauter 1978). Japanese larch seed-

production areas were established in 1979 with 

the objective of producing seed after selection 
for hardiness, freedom from pests, growth rate, 

and stem and crown form (Murray 1982). 

Scions from superior phenotypes of European 
larch selected in PNFI plantations were provided 

for inclusion in Japanese x European hybrid 

larch seed orchards that have been established in 

Quebec and by OMNR in southeastern Ontario. 

Scions from these and other selected trees have 
been grafted at PNFI for future use in breeding 
work. 

In ihe north-central Lake Slates, experimental 

plantings comparing different larch species have 
been established throughout the region by (he 

U.S. Forest Service (Jeffers and Isebrands 1974). 

Testing of the Japanese x European hybrid is one 
of the highest priorities to determine which seed 

sources should be used. Applied breeding 

programs to achieve even greater improvements 

have been recommended. Individual-tree 
selection, on the basis of outstanding height and 

diameter growth coupled with physiological and 

biological criteria from the most promising, best-
adapted seed sources, has been suggested for the 

development of ^ccd orchards. Physiological 
criteria could include photosyntheiic efficiency, 
as determined by branch habit, leaf display, and 

leaf area, as well as by utilization of the growing 
season. Biological criteria could include 

extractive content, an important factor in larch 
utilization. 

A program of genetic improvement of larch was 
recently established at the Institute of Paper 

Chemistry in Wisconsin (Einspahr et al. 1984). 

The objectives of this program are to provide a 
reliable source of high-quality larch and hybrid-

larch seed through the use of a seed-orchard 
approach similar to that used for southern pines 

(KellisonandSpraguc 1981). This program may 
result in IIrst-generalion gains of 10 to 15% in 

volume growth, with similar gains for second-

generation seed orchards; 20-year-old plantations 

produced from second-generation seed sources 
may produce average growth of 180 to 220 

ft Vac (126-134 m Vha] annually on good sites. 

Growth and Yield of Exotic Larch 

The larches and some of their hybrids have 

produced large quantities of fiber and timber in 

many parts of the world, including North 

America (Cook 1969, Schreiner 1970. Jeffers and 
Isebrands 1974). These species have tremendous 

juvenile growth, they can outcompele many other 

coniferous species, and Ihe various larch species 
logether cover a wide range of sites (Cook 

I %9). Because of their rapid growth and yields, 

it seems that many larches and larch hybrids 

could provide a good alternative source of 

coniferous fiber through management under 
sliort-rolation systems. 

European larch was introduced to the United 
States in the mid-19th century, and from 1860 to 

1880 it was one of the most popular plantation 
species in the northern Midwest States (Hunt 

1932). Planting of ihis larch began in New York 

and Pennsylvania in the early 20th century. 

European larch was recommended for planting in 
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Ontario as early as 1X80 (Phipps 1885). The 

enthusiasm for planting tliis species was initially 

based on good reports of its performance by 

Europe and the United Stales. Later, evidence of 

good hardiness and growth rates in Ontario was 

provided by several ornamental plantings, by ihe 

first recorded plantations ;it the Ontario 

Agricultural college in Guelph in 1880. and by 

plantations at the Central Experimental Farm in 

Ottawa in 1888 (Anon. 18X0. Zavitz 1907). 

European larch was subsequently grown in 

provincial tree nurseries in Ontario and planted 

to a small extern thereafter, mainly on dry sites 

and in mixtures with pine or spruce as a means 

of managing the Larch sawlly (Richardson 1924. 

Hunt 1932). 

Planting of Japanese larch in both Europe and 

North America is relatively recent (Stone 1957) 

and this species was not used for forestry much 

before 1900 (Cook 1969). The first 

introductions to Canada went to PNFI in 1926 

(Hoist 1974). Plantings of Japanese larch in 

New York and Pennsylvania began in the 1930s, 

where it soon became preferred to the European 

larch because of its good health, wider site 

ability and greater reliability (Cook 1969). tl is 

now considered to be the fastest growing of the 

larches (Liltlefield and Eliason 1956, Schober 

1958. Eliason and Carlson 1963. Stairs 1965, 

McGillivray 1969). although significant 

differences in growth exist among provenances. 

The earliest planting of Dunkeld hybrid larch 

was at PNFI. where it was planted along with 

imported Japanese larch in 1920 (Moist 1974). 

Dunkeld larch did not come to New York until 

1933. All imported lots of hybrid-larch seed 

produced plantations of superior quality in New 

York (Cook 1969). It was observed thai the 

hybrid tended to combine the best characteristics 

of each parent—straightness of stem and 

sometimes light branching from the European 

larch, and vigorous growth, abundant, early 

flowering, and relative freedom from pests from 

the Japanese larch. 

The majority of the early exotic larch plantations 

in the U.S. were established in New York (Cook 

1969). Pennsylvania (Grisez 1968). New 

Hampshire (Baldwin 1958), and several other 

northeastern states (Hunt 1932, Genys 1960). 

The survival of these early plantings was 

variable: however, those that did survive 

possessed good form and growth, and 

encountered few insect and disease problems. 

Diameters of 41 cm at breast height and heights 

of 30 m were common at 50 years (Einspahr el 

al. 1984). Instances of poor survival were 

attributed to poor stock-handling techniques and 

a lack of control of competing vegetation. 

Provenance trials and demonstration plantations 

of European larch and Japanese larch were 

established in great numbers in the northeastern 

United States and throughoui the Lake States. 

The results of these trials confirmed earlier 

observations of exceptional growth and form 

(McComb 1955. Genys I960. Kepler and 

Gatherum 1964. Gatherum 1966. Farnsworth et 

al. 1972. Barnes 1977). Reports of height 

growth of more than 7 m in I 1 years in 

Michigan were given by Barnes (1977) for one 

good source of European larch from Germany. 

In northern Wisconsin. 14 selected trees 

representing five provenances averaged 15 m in 

height and 20 cm DBH at 25 years from seed 

(Jeffers and Isebrands 1974). On a productive 

site in southwestern Wisconsin, a 19-year-old 

plantation of European larch outproduced both 

red and white pine in height, diameter and 

volume; it was 16.5 m in height, 7 cm DBH. and 

produced 189 m >/ha by that age (Hrdmann 

1966). Similarly. European larch was taller than 

any other species planted in western Iowa plots 

by 12 years of age. in Maine. 27-year-old 

European larch grew an average of 62 cm per 

year, whereas white pine and while spruce grew 

only 43 cm per year over the same period 

(Young 1957). 

Japanese larch at age 24 years in a Minnesota 

test had grown faster than native conifers of a 

similar age (Schantz-Hansen and Hall 1952). 

However, tamarack, red pine, jack pine, white 

pine and white spruce had all surpassed the larch 

by age 45 (Aim et al. 1972), another observation 

in favor of growing larch under short rotations. 
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In Vermont, a trial planting of Japanese larch 

developed so rapidly thai most of the trees had 

reached the minimum merchantable size for 

pulpwood and sawlogs by 18 years (Adams and 

Hutchison 1961): the trees averaged 14 m in 

height and 19 cm DBH. 

Growth of exolic larches, including European 

and Japanese larches, their hybrids, and Siberian 

and Dahurian larches, was studied by Genys 

(1968). He found that average heights ranged 

from 53.3 cm to 1.27 m by the fifth year from 

seed. All sources of Japanese larches grew 

somewhat faster than the European larches, hut 

both exhibited provenance variation. The 

Japanese larches all grew late into the fall and 

formed terminal buds laier than the other larches 

studied. The faster-growing sources of European 

larch also set bud later in the fall lhan the 

slower-growing sources. Hybrid larch grew 

rapidly, but not quite as quickly as Ihe best 

source of Japanese larch. Hybrids were 

intermediate between parent species in the time 

that they set bud. Siberian and Dahurian larches 

grew slowly, and were only 69 to H4 cm in 

height at age 5 years. Both of these species set 

terminal buds earlier than other species. 

In a more recent study of the growth of exotic 

larches, Carter and Canavera (1981) found that 

the average survival and growth of a number of 

sources of Japanese, European, hybrid and 

Siberian larch ranged from good lo outstanding 

at three locations in Maine. The hybrids grew 

fastest in central Maine, averaging 1.09 m in 3 

years. Siberian larch was shortest at this 

location, and European and Japanese larch were 

intermediate in height. In northern Maine, 

Siberian larch was the tallest species (73.5 cm 

average height) and Japanese larch was shortest 

(58.6 cm average height) after the same time. 

The Japanese and hybrid larches were more 

affected by frost than were the European or 

Siberian larches, which probably accounted for 

their lower survival and growth rates in the more 

northerly conditions. 

A study of the performance of a number of 

sources of tamarack, Siberian larch, European 

larch, Japanese larch, and the hybrids of 

European larch and Japanese larch in north-

central Wisconsin indicated that hybrids were the 

tallest after 8 years from seed (Riemensehneider 

and Nienstaedt 1983). The tallest sources 

reached 4.69 m by this age. These results 

substantiate other reports of superiority of the 

first-generation hybrid between the two larches. 

The hybrids exceeded the European larch mean 

height by 12% and tamarack by 23%, small 

increases in comparison with those in other 

reports. This result may indicate thai better 

parent breeding stock might improve the 

performance of the hybrid in this area. The 

Japanese larch ranked lower in height than all 

other species by the end of the 8-year period, 

reaching only 3.7 m. Siberian larch had the 

lowest 5-ycar height, but by the eighth year, it 

ranked second only to the European x Japanese 

hybrid (at 4.31 m), which may indicate thai a 

percentage of nalural Siberian x European larch 

hybrid was in the seedlot. 

In Canada, the 1926 plantings of Japanese larch 

and Dunkeld hybrid larch are presently the oldest 

demonstrations of the superiority of the hybrid lo 

the mother species. At 43 years, the mean 

height of the hybrid was 19.9 m. whereas that of 

the Japanese larch was only 15 m. Diameters 

were 37 and 32 cm respectively, and all 

differences were significant (Hoist 1974). 

Between 1950 and 1975. more than 20 trials 

were established by Mark Hoist at PNF!. and 

many more were established with cooperators 

throughout eastern Canada and ihe United Slates 

(Calverl and Rauter 1978). Most species and 

varieties were incorporated in the lests. including 

European and Japanese larches and their hybrid, 

Siberian and western larches, several varieties of 

Dahurian larch, hybrids of Siberian and 

European larches, several varieties of Dahurian 

larch, hybrids of Siberian and European larches, 

and tamarack. Recent 20-year measurements 

indicated that height growth of seedlots varied 

from 72 to 113% of the plantation mean, 

indicating the importance of selecting the proper 

seed source for planting. OMNR has planted a 

number of exotic larch trials in various locations 

in Ontario over the years; however, these are not 
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well documented and most seed origins are 

unknown (Calvert and Ranter 1978). 

fa ,he Marhimes. work on larches began with 
various introductions in the 1950s, with the 
intention thai larches could play an important 
rule in Canadian reforestation (MacGillivray 

1969) Work continued up to the 1970s (Fowler 

etal 1973). Early growth of all provenances oi 
Japanese and European larches as well as ol 
tamarack greatly exceeded that of Norway spruce 

(Picm abies), white spruce (P. |M and red 
spruce (P. rubes) (MacGiHivrav 1969). A study 
in New Brunswick comparing various 

provenances of Japanese and European larches as 

well as tamarack showed that Japanese larch was 

superior in height and diameter growth by age 

12 and increased its superiority by age 19 (Park 
and Fowler 1983). Tamarack had an early 

height advantage over the other species, but tins 

diminished after age 8. European larch was the 

slowest growing species in height, but exceeded 

tamarack in diameter after age 8. The average 

height and diameter achieved by Japanese larch 

provenances at age 19 were 12.17 m and 16.53 

cm respectively. For European larch and 

tamarack, heights were 8.65 and 10.18 m. and 

diameters at breast height were 14.32 and 12.91 

cm. respectively. 

Systematic testing of a number of larches began 

in Newfoundland in 1967 (Hall 1973). In most 

of the experiments, the exotic larches grew faster 

than native black spruce (Hall I977|. These 

encouraging results led to the establishment ol a 

species trial of various exotic larches and 

tamarack (Hal! 1982). Growth of hybrid larch 

on this productive trial site was significantly 

belter than that of tamarack after 10 years, when 

the two tested hybrid larch seedlots had reached 

heights of 1.96 and 2.21 m, respectively. 

Growth of Japanese larch was greater than thai 

of tamarack after 8 years, but the differences 

were not significant. The tamarack was slightly 

taller by the 10th year, and appeared to be 
gradually outgrowing the Japanese larch: the 

tamarack had reached a height of 1.7 in. whereas 

the Japanese larch was only 1.71 m tall, hi 

contrast, on a lower elevation sue. tamarack 
reached a height of 2.1 X m at the same age but 

was outproduced by the Japanese larch there 

(Hall 1973) Growth of Japanese larch and 

tamarack was also greater than thai of all other 

species, including black, white, Norway, and 
Sitka (Picca sitchensis) spruces, and jack pine 

{Pinus bmksiana) and Scots pine (Pima 
svlvesms). on a less productive site (Hall 1983). 

These results indicate thai there is considerable 

potential for the exotic larches as well as 
tamarack for reforestation in Newfoundland. 

However, ihe author recommended field testing 

be done on a variety of siles before ultimately 

drawing conclusions about the suitability ol 

exotics for reforestation. 

In Quebec. Studies of larch species have shown 

that they have spectacular growth during iheir 

first 20 years, which suggests thai they should be 

managed under rotations of less than 30 years 

(Vallee and Stipanic 1983). In southern Quebec. 

European and Japanese larches and their hybrid 

survive and grow besl on sites of medium 

moisture. Popovich and lloule (1970) reported 

a total annual production of 12.4 m-'/ha and a 

height of 19 m for a sample 28-year-old larch 

plantation on a site with a medium moisture 

regime near Drummondvillc, Quebec. This rate 

of production was greater than that achieved by 

white spruce or red pine {Pinus resinosa) on the 

same she. which attained only 6.6 and 6.4 

n^/ha, respectively, ai the same age. However, 

on a much wetter site, productivity of only 5.6 

mVha and a height of only 14 m were attained 

by the larch. A study by Bolghari and Bertrand 

(cited by Vallee and Stipanic 1983) indicated 

thai European and Japanese larches in Quebec 

could produce from 10 to 14 nv/ha annually on 

high-quality sites. Total production was 100 to 

200 mJ/ha for 2.4- and 1.5-m spacings and the 

mean DBH of the trees at the 2.4-m spacing was 

above the sawlog limit of 20 cm after 30 years 

of age. Wilson (1968) found thai a 10-year-old 

Japanese larch plantation at ihe Canadian 

International Paper forest farm near Harrington, 

Quebec produced five limes more wood than 

white spruce of the same age; in this plantation. 
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36 mVha ol pulpwood was produced by the 
larch. Pa,lle and Bhto (1979) reported that the 
same plantation at 22 year, of age had a mean 

annual increment of 8.9 m Vha, and that the trees 

^d.meanhei<!|lloriS..1,n;fndameanDBII 
of 18.5 cm. 

From the results Of ,hese .studies in Quebec 
Vallee and Slipanic (1983) have concluded that 
Lanx species are the most productive of the 
conifers in Quebec, perhaps in Canada, for 
rotations of less than 30 years. 

Larch Utilization 

The interest in larch developed in North America 
because of the rapid growth and genetic potential 
of the species thai have been planted. However 

the question of wood quality and potential 
Utilization of the genus has arisen. 

There has generally been little interest in the use 

of larch in North America, although many larch 

-species have been used extensively in olher parts 

ol the world. Larch wood, particularly thai of 
the European and Japanese species, is highly 
regarded in Europe and the species is often 

referred to as the "European Douglas fir", since 

good logs from properly managed stands 

command the highest prices (Pneumaticos and 

Lucas 1979). The wood is primarily used for 
construction lumber, posts, poles, furniture and 

panelling. In Finland, Siberian larch is used for 

many valuable products such as timber, props, 

poles, piles and log cabins, and in the Soviet 

Union it is even used for demanding applications 

in interior decoration and furniture manufacture 

(Hakkilaesal. 1972). The excellent resistance of 
larch to decay has led to a particular 
recommendation of this genus for structures 

exposed to changes in humidity (Hakkila 1961). 

The greatest use for larch in North America has 

been for general construction purposes in the 

form of dimension lumber, small timbers, planks 
and boards, as well as for some finish products 

from the higher-grade materials (Balatinecz 
1983), Tamarack has been used for some of 
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■hese purposes, but Western larch is more highly 
regarded for finish applications. 

I-arch wood has also been used lor pulp in m;inv 
countries, especially in northern Europe amj 

R^sia (Rubes and Swan 1974. Isebrands and 
Hunt 1975), although it has no, been used for 
this purpose on a large scale in North America 
because of the belief tha, i, gives lower puIp 
yields with poorer properties than do most other 
Conifers (jeflers and Isebrands 1974. Isebrands 
and Hunt 1975). The wood of larch has a 
moderately high specific gravity and moderately 

long tracHeids (Balatinecz 1983). All species of 
larch have higher densities than any Canadian 
conifer (Panshin and de Zeeuw 1970) and thus 
fiber production per unit volume is also greater 
lor larch wood. The fiber lengths of mature 
Japanese and European larches have been 
reported to be similar to those of pine and spruce 
(Einspahr et al. 1984). 

When lower pulp yields occur in larch it is 
primarily because of the large quantities of resin 
and water-soluble extractives (arabinogalactans) 
present in larch hearlwood. These substances 

interfere with cooking in the sulfite process and 

bleaching in the kraft process (Leatheart 1969 
Nevalamen and llosia 1969). [n spite of their 
high solubles content, several larch species 
studied in North America, including Siberian 
larch, alpine larch, and tamarack, have given at 

least as good a pulp yield per unit volume as 
other softwoods because of the higher densities 
ol the larch (Wells and Rue 1927). Although the 

high extractive levels create some difficulties 
with the pulping process, many reports of larch 

pulping in the literature have been made for 
either .slow-grown or old-growth trees 50 to SO 
years old (Hakkila and Winter 1973. Einspahret 

al. 1984). Trees grown under either of these 

conditions have a greater heartwood content than 
that of younger trees, which accentuates Ihe resin 
and extractive problems. In addition, in many of 

these studies, the wood has been pulped by the 
sulfite process, which has been shown to be 

inefficient for pulping larch (Nevalainen and 

Hosla 1969). Research has shown that the kraft 



pulping process is more suitable for larch, and 
thai larch wood can be readily convened into an 

excellent baft pulp (Perry and Cook 1965) 
Cook (1947) observed that the kraft pulp y»ld ot 

European larch was only slightly less than that ol 

spruce, and that the larch pulp was comparable 
to spruce pulp in strength properties. Cook 

believed that yields could be increased by 

adjusting the cooking schedules to fit the specific 

requirements of larch. Zaitseva et al. (1958) 

demonstrated that larch pulp yields could be 

increased by increasing the sulfidity in the kralt 

process without detracting from Other pulping 

properties. It has been observed that larch krall 

pulps often resemble southern pine krafl pulps 

and that larch pulps are suitable for paper and 

boards that require superior tear properties 

(Nevalainen and Hosia 1969, Hakkila ct al. 

1972). The tear factors of pulps made from 

Siberian and alpine larches as well as from 

tamarack have been compared wilh those ot 

Other conifers and the larch pulps have always 

shown superior tear strength: however, burst and 

tensile values were lower (Nevalainen and Hosia 

1969, Hansmann and Sugden 1983). 

In North America, studies of the wood ol 

younger trees of several larch species and 

hybrids have indicated that juvenile wood may 

not have the utilization problems associated with 

older wood. Young larch wood consists mainly 

of sapwood. which is lower in both resin and 

extractive content than mature wood, thus 

making the juvenile wood easier to pulp 

(Uprichard 1963. Hakkila et al. 1972). Isebrands 

and Hutu (1975) found that 10-year-old rapid-

grown juvenile Japanese larch had low extractive 

levels throughout the trees, which had been 

grown wilh thorough weed control as well as 

regular fertilization and irrigation. Hillis (1971) 

believes that such intensive silvicultura] practices 

may prolong the juvenile period, thus delaying 

heartwood formation and decreasing the content 

of extractives. Klemm (1967) concluded thai 

fertilization of several conifers decreased 

extractive content because it increased the 

amount of sapwood produced, and it also 

increased the uniformity of the wood produced. 

Isebrands and Hunt (19751 observed that 

fertilization of short-rotation Japanese larch over 

several -rowing seasons tended to decrease 

specific gravity within entire tree rings, since Ihe 

latewood content of each ring is decreased. At 
the same time, uniformity within annual rings 

was increased, as was observed by Klemm 

(1967). Because uniform wood properties within 

tree rings improve the efficiency of processing 

raw material, the corresponding increase in wood 

uniformity, along with increased volume 

production, outweigh the decline m specific 

gravity that results from fertilization. In 

addition, some larch individuals maintain a high 

specific gravity during rapid growth by 

producing dense springwood (Pearson and 

Fielding 1961). 

Although bark percentages arc generally lower in 

mature plantations, Isebrands and Hunt (1975) 

found that SR1C Japanese larch had a low 

proportion of bark for its age. which they 

believed was attributable to intensive 

management practices including fertilization and 

irrigation. In this study, bark percentages ranged 

from 14 to 21.3% of total tree weight, depending 

upon position in the tree. Studies of bark 

content in mature wood of other larch species 

show average contents of 12 to 14%. Hakkila et 

a). (1972) reported 12.3% (by weight) bark 

content in 50-year-old Japanese larch. However. 

Nevalainen and Hosia (1969) found that the bark 

content ranged as high as 19% (volume basis) 

for 31-year-old Siberian larch. It appears that 
intensive management of short-rotation larch may 

decrease bark percentages in comparison with 

trees that are not managed intensively. Further 

research on bark components of larch is 

recommended (Isebrands and Hunt 1975). 

Packman (1966) found that, although young 

Japanese larch wood has low specific gravity, 

shorter iracheid length, and a higher lignin 

content than mature larch wood, it contains less 

extractives and requires less bleaching to attain 

the desired brightness and also compares 

favorably in physical pulp properties with other 

species. Isebrands et al. (1982) showed that 
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wood ch,Ps (torn whole-tree, SRIC juvenile (8-
year-old) hybrid larch from plantations growing 
'" Wisconsin can he successfully mixed with 
mill-run debarked jack pine chip, at up to 25% 

of the total mix withoul significantly affecting 
pulp yield or s.reng.h. In a.study of pulpwood-
sizc 18- to 24-year-old European. Japanese and 
hybrid larch trees growing in the Lake States the 
trees had less heartwood, lower specific gravity 
-shoner fibers, and about 50% less extractives' 
than 50-year-old larch (Einspahr el al 1983) 
When these trees were pulped and compared 
with pulped 50- to 60-year-old jack pine ,he 
larch had greater amounts of heartwood. similar 
levels of lignin and alcohol-benzene extractives 
higher amounts of hot-water extractives and 
shorter fiber lengths. When pulped at similar 
rates, the larch pulp yields ranged from 1 to 4% 

greater than (hose of jack pine, and .he pulp had 

similar strength in terms of burst factor, tear 
factor and breaking strength. 

Tree 

Tree improvement can play an important role in 
'lie pulping characteristics of larch. Variation 
has been observed in several important wood-
quality characteristics of [he larches. Many 
wood properties are under strong genetic control 

and possess moderate to high Irritabilities 
(Smith 1967, van Buijtenen 1969, Zobel 1970, 
Shelhourne and Slonecypher 1971, Kellison 
1976, Zobel el al. 1978). Saehsse et al. (1978) 

rcporied significant differences among ->? 

Japanese larch clones in (he percentage of 
heartwood, percentage of latewood, resin con.eni 
ring width, tracheid length, toughness and 
modulus of rupture. Mikami ct al. (1972) found 
significant differences among 80 clones of 

Japanese larch in the amount of spiral grain and 
made gross heritabiliiy estimates of 0.35 to 0.42 

for grain inclination in each annual ring and of 
0.49 for maximum grain inclination. Lee (1976) 
found significant differences in wood specific 

gravity among 22 seedlots of Japanese larch 
growing in southwestern lower Michigan 

although no significant variation in iracheid 
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was evident among the same seedlo.s 

Further research on other species and hybrids of 
larch is necessary to determine the potential for 
wood characteristics to be used as traits for 
selection and breeding to improve wood quality. 

Vegetative Propagation 

Vegetative propagation is particularly applicable 
to Lam species because of frec|ue,,r limitations 
of their seed supply. The rooting of cuttings is 
presently the most common method of vegetative 
propagation lor larch, and therefore this review 
will concentrate on this method. 

lam species have generally been considered 
more difficult than other species to root from 

cuttings (Wright 1976). For larch, the rooting of 
twigs and branches is not a normal reproductive 
process, as it is in Populus. Most species of 

Lan.x do not have preformed root primordia in 
their stems, so roots must instead be induced 
from tissues that would normally not root and 
root initiation may be tissue-specific (Libby 
1974). For example, root initiation may occur 
quite easily in mot tissue, since that is where 
new roots arc needed, but i, docs no, occur 

readily ,n stem tissue, which would not normally 

form roots. The presence of root inhibitors 
which override the rooting process in stems has 
also been discovered: in stems, it would be 
wasteful to initiate roots. 

Recorded attempts to root larch dale back as far 
as 1908. when Kurdiani (1908) rooted European 
larch by placing softwood cuttings in sand in a 
cold frame. Frames were then covered with 
glass sashes and painted with lime for shading 
The frames were shaded during Hie day and 
covered at night. Cuttings were walered daily 

and after 2 to 3 months, 56 to 75% rooting was 
obtained. The author concluded thai cuttings of 
European larch rooted more easily than pine 
cuttings. Since that time, the successful rooting 
of cuttings of several larch species has been 

achieved. However, rooting success has varied 
depending on a number of factors, including 



species, provenance or clone, age ot the orte , 

position Of ihe citing within the donor plant, 
time of cutting collection, application of rooting 

stimulants and various edaphic and 

environmental factors. 

A comprehensive series of experiments was 

initiated at the Boyce Thompson Institute m 

1948 in an attempt to find a suitable method tor 

rooting softwood cuttings of L laricina, L. 

decidua, L. Iqnolcpis, L gmetini and hybrid 
larch (L. eurolepis) (Chandler 1959,. During Ute 

course of these experiments, a technique lor 

successful rooting in a mist chamber was 

developed. In these studies, it was found that 

clonal variation existed in the rootability of L. 
teptolepis (1 to 20% rooting) and I. eurolepis 

(1 to 22% rooting). In a later set of experiments. 

Chandler (1967) found differences in rooting 

success among a number of larch species. For a 

consecutive 3-year period, the mean rooting 

success was 80% for Dahurian larch, 53% for 

hybrid larch. 48% for Japanese larch, 21% for 

European larch. 32% for tamarack, 6% !or 

western larch, and 6% for Dahurian larch var. 

oigeitsis. Cook and Frommer (1969) found 
variation in survival percentages among four 

different hybrid larch clones rooted by means ot 

Chandler's (1959) misting technique. Okada 

(1967) found large differences in the rooting 

ability of 10-year-old Japanese larch that were 

related to the clone used. Wunder (1974) 

observed that the rooiing capacity and readiness 

of Japanese larch cuttings from seven 

geographical locations were related to 

provenance. Provenances that grew iastest m 

previous studies and that showed low 

susceptibility to both drought and excessive soil 

moisture (i.e., which therefore had a wide 

ecological spectrum) had the highest rooting 

success as cuttings. Several recent studies of the 

rooiing of tamarack cuttings have shown 

significant differences in rooting success among 

clones (Carter 1984, Morgenstern ct al. 1984. 

Fanner et al. 1986). 

Age of Donor Plant 

The age of the donor plant appears to be related 
to the ability of the cuttings to produce roots. 

Cuttings from juvenile plants generally have 

higher rooting percentages than those Irom 
mature plants. A number of studies with a 

variety of larch species have substantiated this 
conclusion. High rates of rooting of cuttings 

taken from 1-year-old juvenile seedlings Of 
several larch species were reported by Fung 
(1978) Komissarov (1938} found that tor 

untreated cuttings of Siberian larch. 20 to 30% 
rooting was obtained for 3-year-old cuttings, and 

only 1(1% rooting was achieved for 10-year-old 

trees. In Chandler's (1959) preliminary series of 
rooiing experiments, cuttings from 2- to 4-year-

old larch rooted best (32 to 38%) and cuttings 

from 27- to 30-year-old stock had the least 

rooiing (1%). Chandler's (1967) later report 

confirmed these earlier findings. Cuttings Irom 

various species of larch that were 29 to 32 years 

old gave an average of 1% rooting, where as 

those from trees 9 to 12 years old gave 41% 
rooting. Thus, the author recommended that 

cuttings be taken before trees were 13 years old. 
Staubach (1983) achieved up to 42.5% rooting of 
western larch with 2-year-old donor plants, 

depending upon other treatments, but only 1.5 

and 0.5% rooting of 10- and 20-year-old donors. 

No cuttings from 50-year-old donors rooted with 

any of several applied treatments. John (1977). 

for 1- to 17-year-old hybrid larch, Morgcnstern 

et al. (1984), for 3- to 6-year-old tamarack, and 

PotthJger and Morgensiern (1986). for 3- to 10-
ycar-old tamarack, all found that rooting 

decreased as the age of the donor plant 
increased. In contrast. Carter (1984) found that 

rooting success was not correlated with ortet age 

for tamarack ranging from 19 to 40 years old. 

In this study, rooting success ranged from 23 to 

93%. with the youngest and oldest trees having 

relatively similar rooting percentages (81 and 
89%, respectively). Carter suggested that 

perhaps age differences within this range of ages 

need not be a limiting factor in the selection of 

tamarack for propagation. 

The advantage of rooting older material is that 

selected superior trees can be directly rooted and 
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reproduced, since h is generally better to seleci 
trees for superior characteristics whcn „ 

beyond the juvenile phase. In addition. leafy 
cuttings taken from trees older than 10 years are 

larger, easier to handle, more robust, and 
produce more roots than cuttings from younger 

fees (John 1977.. However, one of the major 
problems wuh rooting older material, if rooting 
can be achieved, is that plagiotropic growth 
( ude branching" of [he rooted cuttings) lends to 
occur. Cook and Frommer f 1969) found that 2 
years after 12- ,o 13-year-old hybrid larch 
cuttmgs had been rooicd. they showed some 

degree of topophysis, alihough by the fourth 
growing season, many of (he trees were 
straightening up. John (1979) stated that rooted 
cuttings of hybrid larch are particularly prone to 
cyclophysis and lopophysis, and cuilings from 
mature plants remain plagiotropie. Orlhoiropic 
growlh can only be achieved readily if stock 
plains are under 4 years old. 

H has been observed ihar Hie closer a shoot 
apical meristem is lo ihe base of a (ree, the more 

juvenile it is (Olesen 1978, Bonga 19K?) 

Consequently, cuttings taken from the lower 
branches in a tree's crown lend to root more 
easily than those from the upper crown. In 

contrast lo ihis generalization, Chandler (1967) 

found no apparent effects as a result of crown 

position in a number of species of 7- lo 9-year-

okl larch. However, the terminal porlions of the 
current terminal shoots tended to root belter llian 

ihe basal portions. This same result was 
observed in Chandler's (1959) earlier 
experiments. In contrast. Wunder (1974) found 

no significant differences in ihe rooting 
percentages of basal and lop cutiings of 5-year-

old Japanese larch laken from 1-year-old !wi°s 
although ihe lop cutiings developed slightly 
higher rool volumes. Komissarov (1964) found 

that well developed shoois of Siberian larch from 
ihe first order of branching rooted belter than 
cuitings from weak shoots of the second-order 
branching. Komissarov staled that these 

differences among lignified cuttings of different 
orders of branching may depend on the speed 
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-i'''which their buds open. Fung (,978) found 
that terminal and lateral shoots of 1-year-old 
tamarack Japanese larch. European larch and 
Siberian larch rooted easily and rapidly under a 
properly controlled rooting environment within a 
greenhouse. Although S.aubach ,1983. 
attempted to compare rooting success rates of 
western larch cutiings collected from the upper 

third and lower third of the crowns of 50-year-
old trees, the number of cut.ings thai rooted were 
loo small ,o draw any conclusions. Pottinser 

and Morgensiem (1986) compared the rooting of 
tamarack cutiings taken from foe upper and 

lower crowns, and found no significant 
differences, although cuttings from the lower 
crown did have slightly higher rooting success 
(6S%) than those from ihe upper crown (60%) 
In addition, these authors compared rooting 
survival, as well as height growth and degree of 
plagioiropism measured after 1 year in the 
nursery, between (he cuttings taken from the two 

crown positions. Once again, there were no 

Significant differences, although survival and 
heigh, were slightly grealer and plagiotropic 
growth was slightly lower in cuttings from ihe 
lower part of the crown. 

Time of Cutting 

The lime of culling colleciion appears lo 
influence rooting success in Lari.x. Generally 
softwood cuitings taken during the growing 
season have been the most common type of 

culling used for rooting larch (Chandler 1959 

l%7; John 1977, 1979; Carter 1984;' 
Morgcnslern el al. 1984; Farmer el al. 1986-
Pottinger and Morgensiem 1986). However' 
variation in rooting success has been observed 
when cuttings have been taken al different limes 
during (he growing season. 

Chandler (1959. 1967) observed lhat for all 
species of larch investigated, cuttings taken later 

in the growing season rooted belter ihan those 

taken early in the season. In his earlier study 
Chandler (1959) found thai cuttings taken in 
August and September from hybrid larch 
European larch, Japanese larch, and Dahurian 
larch rooied better Hum cuttings taken in May 



and June. Those taken in May. however, rooted 

better than those taken in June. The higher 

percentages of rooting obtained in August and 

September were, however, due in part to the 

material, some of which was from younger trees. 

In another of these experiments, cuttings taken in 

August rooted better than those taken in 

September. Chandler (1967) later reported that 

further experiments with Dahurian larch, 

European larch, Japanese larch, tamarack, 

western larch, Dahurian larch var. olgemis, and 

hybrid larch showed average rooting success oi 

44, 22 and 36% for cuttings taken in June. July 

and August, respectively, whereas those taken 

earlier than June or later than August either 

completely failed to rool or only achieved 1 to 

5% rooting. 

Morgenstern el al. (1584) and Pottinger and 

Morgcnstern (1986) investigated the effect of 

collection time on rooting of softwood tamarack 

cuttings. In both studies, cuttings were collected 

at various times between May and August. 

Morgenstern et al. (1984) found that the effects 

of rooting date were strong and significant 

Cuttings rooted in mid-July had the highest 

rooting success, the largest percentage of cuttings 

with major roots, and the longest roots. All 

cuttings rooted between May and August 

required 3 months to root. This required rooting 

period creates problems with rooting of cuttings 

collected at the observed optimum time (in July), 

since they cannot be assessed until late October, 

at which time it is loo late to transplant them 

outside. As a result, the cuttings must be 

overwintered in heated greenhouses, an 

expensive operation. Because of this, an earlier 

collection time (in May) was suggested, since 

cuttings taken at that time showed acceptable 

rooting percentages, formation of major roots, 

and root lengths. Pottinger and Morgenstern 

(1986) investigated the effect of collecting 

cuttings at different times in May. They found 

that differences in rooting success were not 

significant when cuttings were taken cither at the 

beginning or the middle of May. possibly 

reflecting the similarity of the trees' 

physiological states at these times. 

Komissarov (1964) stated lhat one should not be 

guided by calendar dates in the propagation of 

planis by cuttings, since the beginning of the 

growing season as well as the rate of shoot 

growth and development in the same plant may 

vary considerably in different years, depending 

upon the weather. Instead. Komissarov defined 

the best time for the rooting of softwood 

Siberian larch cuttings in terms of morphology 

and physiology: shoots can be considered ready 

for propagation when they are light green in their 

upper part and yellowish at the base, with lateral 

buds (light green in the upper part and brownish 

and larger in the lower part) developed along the 

entire shoot. As well, the shoot becomes straight 

along its entire length. The needles at the top 

begin to diverge from the shoot axis, and lite 

apical bud is clearly visible. Wonder (1974) 

used the same approach for Japanese larch 

cuttings. He removed cuttings from the parent 

plant in such a way that the optimum time of 

removal could be determined. A series of 

cuttings was taken from I-year-old twigs when 

the buds had fully opened. Several other scries 

of cuttings were taken from 1-year-old twigs 

until the newly developing shoots had reached a 

length of 12 to 15 cm. Three sets of cuttings 

were also taken from these new shoots. The first 

set was taken when the new shoots showed no 

signs of lignifieation al the base, the second 

when the base began to lignify, and the third 

when the base had fully lignified. The results 

indicate that, for cutlings from 1-year-old twigs, 

the optimum time of removal is when the new 

shoots are about 5 cm long. The optimum time 

for removing current-year cuttings is when the 

base of the cuttings stalls to show the first signs 

of lignifieation. 

Several authors have investigated the possibility 

of rooting leafless winter hardwood cuttings of 

larch. Handling risks arc substantially less when 

the shoots are dormant, and the entire rooting 

operation is less expensive with this approach, 

since cuitings initiate roots from late May to 

early June. As a result, there is a much longer 

period for development for the root system after 

root initiation than with cuttings that are rooted 
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in mid-summer, so that rooted dormant catlings 

do nut have to be overwintered in a greenhouse 
at high expen.se (Mason 1984). John (1977) 

found that dormant cuttings from oners of hybrid 

larch lhat were less than ] year old did not root 

nearly as well as leafy softwood cuttings, 

although hormonal treatments with IBA caused 
a considerable increase in their ability ro root. 

Experiments with cuttings taken from older ortets 
produced mixed results. Dormant cuttings from 

3- to 8-year-old oriels produced < 20% rooting 

regardless of the treatments applied. Rooting of 

iarge and small dormant cuttings from 11-year-

old ortets indicated that the larger cuttings rooted 

belter dian the smaller cuttings, but that the 

rooting was still poor when compared with that 

of leafy cuttings. John (1979) found thai winter 

cuttings from young hybrid larch rooted at very 

high levels (>90%). which were similar to the 

rooting percentages achieved with summer 

softwood cuttings. Cold storage of dormant 

cuttings increased rooting, mosi probably 

because the cuttings were transformed from a 

dormant to a post-dormant state; Lartx is a genus 

thai requires a period of chilling for effective 
bud break and growth (Simak 1970). It may 

also be possible dial a reduction in levels of 

inhibitory substances during cold storage 

(Wareing and Phillips 1970) with no reduction In 
nutrient reserves could have resulted in the 

cuttings being in the right physiological 
condition for moling (Biran and Halevy 1973). 

Ii was al.so found in the latter sludy that warm 

storage of more than 3 weeks resulted in 

extensive callus development but a large 

reduction in subsequent rooting. Extended warm 

storage followed by cold storage drastically 

reduced rooting. John (1979) beiieves it is 

probable that after warm storage the hybrid larch 

cuttings were so depleted of reserves lhat they 

were unable to Hush properly, carry out 

photosynthesis, and grow normally; as a result, 

the cuttings died soon after ihey were inserted 
into the propagation beds. 

A recent study (Mason 1984) has confirmed the 

findings of John (1979) thai hardwood cuttings 

of larch can be rooted successfully. In this 

study, young hardwood hybrid larch cuitings 
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were collected from February to April and rooted 

after a period of 2 to 4 weeks of cold storage at 

2°C. These cuttings achieved 80 to 90% rooting, 
although the form of many of the irees produced 

in this way showed a pronounced basal sweep. 

These observations, combined with the 
observation thai softwood cuttings show poorer 

root development after rooi initiation as a result 

of limited length of ihe growing season after 

Ihey are moled, have resulted in greater research 
emphasis on ihe use of dormant larch cuilings. 

Experiments in progress are seeking io confirm 
ihe preliminary finding thai dormani larch 
cuttings can be rooted with great success. 

Rooting Slimulanis 

Various rooting stimulants have been used to 

initiate rooting in larch cuttings. The main types 

Of Stimulants used for many lice species are 
auxins, both natural and synthetic. These 

substances are growth regulators, and include the 
plant hormone indoleacelic acid (1AA) and the 

synthetic growth regulators indolcbutyric acid 

(IBA), napthaleneaeetic acid (NAA). and 2,4-

cichlorophenoxyacetic acid (2,4-D). Auxins 

produce several characteristic responses in plains 

at high concentrations, such as stimulation of 

adventitious root development on stems and 

development of callus lissue on stem cuttings. 

These substances also inhibit root elongation 
(Salisbury and Ross 1978). Auxins have been 

applied in several ways to cuttings, including 

dipping the basal portions of ihe cuttings in 

powders containing the auxins and soaking the 

basal ends of cuttings in a dilute solution of ihe 
auxin in alcohol and/or water or a high 

concentration of auxin in alcohol. 

Chandler (1959) used a powder form of auxin. 

"Hormodin 3" (0.8% IBA in talc), io root several 

larch species from softwood cuttings and 

achieved I I to 38% rooting of ihe various 

species. Use of this same substance with 

western larch proved relatively unsuccessful, 

with only 0 to 10% rooting occurring with 
cuttings from irees at least 50 years old 

(Andrews 1980. Corse 1980). Morgenstern et al. 



(1984) and Carter (1984) used rooting powders 

(Seradix 3; 0.008% 3-IBA and Rootune: 

aapthaleneacetamide, 2-mcihyl-l-NAA. 2-

methyl-1 -napthaleneacetimidc. and indole-3-

buiyrie acid) lo successfully root tamarack up lo 

40 years old. Komissarov (1964) achieved 40 to 

80% rooting with Siberian larch cuttings that had 

been soaked for IK to 24 hours in dilute 

solutions of 1AA and NAA. Tests of several 

levels of auxin and the soaking method on 

Dahurian larch cuttings achieved only 6 to 16% 

rootir," (Hyun 1956). John (1977) attempted to 

root softwood cuttings of 17-year-old hybrid 

larch with various auxin treatments. The best 

results (56% rooting] were achieved with an 

aqueous solution of 500 ppm IBA plus 500 ppm 

NAA with a 1-second dip. in a subsequent 

study. John (1979) used two levels of IBA in an 

aqueous solution with a 2-hour soaking ol 

softwood cuttings from young hybrid larch, and 

achieved rooting in the range of 73-99%. In a 

recent study. Fanner et al. (1986) tried a number 

of rooting powders and solutions for rooting of 

tamarack from populations in Ontario. The 

study indicated that rooting successes were high 

(85 to 95%) but that there were no significant 

differences among the extents of rooting of 

cuttings treated with the various stimulants. 

In addition to growth regulators, other stimulants 

such as vitamins, sugars, and other carbohydrates 

translocated through the cuttings from the leaves 

or applied with auxins may contribute to root 

formation in cuttings. Hartman and Kester 

(1975) have indicated the importance of a carbon 

source for the development of adventitious roots. 

Hyun (1956) found that 16% rooting of Dahurian 

larch cuttings was achieved with 10 ppm vitamin 

B,. 10 pprrTnicotinic acid. 10 ppm glucose. 2.5% 

sucrose, 40 ppm IBA and 40 ppm 1AA. Other 

treatments were not as successful. Vitamin B, 

alone or mixed with IAA in water and with 

sugar and vitamin C did not appear to increase 

rooting of Siberian larch (Komissarov 1964). 

Andrews (1980} added powdered sugar to other 

possible rooting stimulants, including 1% IBA in 

talc, in an attempt lo root western lurch, but only 

3.3% rooting was achieved. 

Moisture 

Moisture is a critical dement lor rooting 

cuttings. High humidity in the rooting 

environment is essential, so that the temperature 

is kept low and evapotranspiration in the cuttings 

is minimized. There is evidence that the 

moisture status of the cutting is most important 

during the few hours or days between severing 

[he cutting from the donor plan! and rooting it 

(Libby 1974). Chandler (1959) described a 

technique for rooting larch cuttings with a Watco 

mist-control unit installed in a greenhouse bench. 

The mist unit was set to provide 6 seconds of 

mist every 6 minutes. Attempts to root cuttings 

of various larch species before the use of this 

mist system were largely unsuccessful. Mist 

systems have been used subsequently by various 

researchers for the rooting of larch (Okada 1967; 

Cook and Frommer 1969: Wunder 1974; John 

1977, 1979; Andrews 1980). 

In his work with Japanese larch. Wunder (1974) 

found that a "relative moisture optimum" in the 

propagation chamber appeared to be the 

dominant factor stimulating cuttings to root. He 

observed that if moisture conditions above the 

optimum level were created, the stimulating 

effect on the cuttings was lost. Wunder stated 

that only under a certain moisture stress and in 

combination with optimum conditions of other 

factors is full rooting of cuttings obtained. 

Cuttings rooted with 100% success under these 

optimum conditions in a special propagation 

chamber with a semi-automatic overhead 

atomizer for irrigation. Wunder also noted that 

under 'absolute optimum moisture' conditions, 

cuttings stayed alive throughout the propagation 

period without forming any roots, presumably 

because of a lack of moisture stress. 

Temperature 

Libby (1974) stated that too low a temperature 

retards rooting, whereas too high a temperature 

stresses the cutting, since high temperatures 

combined with abundant moisture create 
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pathogen problems. Tims, there is an optimum 
temperature range. Within that range, it is 

recommended that the lop of the culling be kepi 

cooler that the bottom. Several studies of hybrid 
larch (John 1977, 1979) and Siberian larch 
(Komussarov 1964) have shown that the air 

temperature should be maintained at 
approximately 20°C. especially with misting 

However, the temperature of the growing 
medium of larch is debated, and perhaps depends 
on the species. In his work with Siberian larch 
Komissarov (1964) found thai about twice as 
many eultings (80%) rooted in substrate with a 

temperature up to 5°C higher than air as rooted 

in a substrate with temperatures 2 to 6°C lower 
than the air. In contrast. John (1977) found that 
the best rooting of hybrid larch cuttings (81 to 
89%) occurred with rooting-media temperatures 
ai or below air temperature (15-2Q°C); wiih 

media temperatures above air temperatures (24 to 
27°C) rooting success was lower (68 lo 74%). 

Light Iniensiiv 

Light intensity may also affect rooting in larch 

Komissarov([964)_found that poor rooting of 
Siberian larch occurred with low light intensities 
(600 to 900 lux) during midday hours, but 
acceptable rooting occurred at higher intensities 

(5000 .o 6000 lux). He also recommended thai 

the light be diffuse. No rooting was achieved 
when cuttings were rooted in compleie darkness. 
In studies of hybrid larch rooiing. John (1977 
1979) used 18-hour day lengths on a regular 
basis when rooting cuttings. 

Rooiina Medium 

The rooting medium is very important since it 
provides moisture, allows air to reach [he 

cuttings, and holds them in place. Differeni 

lexlures and compositions of rooting media 

appear imporiant lo the rooiing process and lo 

the subsequent form of the root system (Libby 

1974). A mixture of sand and wetted peat has 

ofien been used as the substrate for larch rooiing 
(Chandler 1959. John 1977). Fung (1978) used 
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;1 l:l mixture of peal and verrnicuiite to root 
several species of larch successfully in a series 

of rooting .rials. Many investigators who have 
studied the rooiing of larch species have found 
that coarse sand or gravel is a much more 
effective medium, since mixtures containing peat 
can retain too much moisture and cause ihe basal 

ends of the cuttings to rot (Chandler 1967. Cook 
and Frommer 1969. Wunder 1974, John 1979). 

Nutrient Sunns 

An adequate level of nutrients is essential lo the 
successful rooting of most species. Nitrogen 
especially, is a very important element for 
rooting success (Hartman and Kester 1975) I, 

has been observed thai addition of nutrient 
solutions in low concentrations usually has a 
beneficial effect on rooting (Hartman and Kesier 
1975. Dormling el ai. 1976). Fung (1978) used 
various fertilizer treatments containing nitrogen 

phosphorus, potassium, calcium and magnesium 
m rooting trials with tamarack, Japanese larch 

European larch and Siberian larch, and found 
thai the growth of fertilized cuttings was 

significantly greater lhan that of untreated 
cuttings in terras of both top and root growth. 

Larch Establishment 

To achieve maximum survival and fiber 
production in larch plantations requires proper 

site selection and preparation, suitable spacing 
good weed control, and possibly additional 
management practices such as fertilization and 
irrigation. 

Site 

A proper soil is a very important site 
requirement for larch. It has been observed that 
the growth of European larch and Japanese larch 
in New York was most closely associated with 
drainage class and soil depth above a layer that 
restricted root development (Aird and Stone 

1^55). Cook (1969) stated that this depth should 



bc ai least 16 inches (6.3 cm). The exotic 

lurches have greatly different drainage tolerances 

than native tamarack, which grows well on wet 

to moist sites. Japanese larch will tolerate 

moister sites than European larch, winch has a 

drainage tolerance ranging from fresh to dry 

sites Cook (1966) stated that hybrid larch will 
grow on a wide variety of sites provided there is 

adequate moisture, good aeration and drainage, 

and freedom from late frosts. Although the best 

growth is on deep, fertile, well watered soils, this 

larch will do better than many other species on 

drier soils. Grisez (1968) pointed out that 

European larch crew well on two moderately 

well drained soils and on two well drained sods. 
Japanese larch grew best on well drained soil. 

although its growth was good even on more 

poorly drained soil. It has therefore been 

recommended that the exotic larches be planted 
on deep, moist, well drained sandy-loam to sdt-

loam soils (Hum 1932. Aird and Stone 1955, 

Grisez 1968). 

The larches, especially Japanese larch, are very 

susceptible to late-spring frost damage and 
should therefore be planted where there is good 

air drainage and no frost pockets (Cook 1969, 
Heit 1972) In addition, since larches are also 
shade-intolerant, they should be planted in fall 

sunlight (Cook 1969). 

Site Preparation 

Little published literature is available concerning 

the specific site-preparation requirements ol the 

various larch species. However, it is known that 

good site preparation, including the application 

Of pre-emergen. herbicides, is essential tor the 

establishment of larch plantations (Netzer 1984). 

In Pennsylvania, several studies were done to 

find practical methods for converting scrub oak 

(Quercus spp.) areas to productive Japanese larch 
plantations (McNamara and Rcigner 195.^,1960). 

These studies indicated that site preparation 

before planting was necessary, and that seedlings 

planted on prepared areas grew significantly 

faster than those on unprepared areas. Site-

preparation methods included rototilling (several 

intensities), root raking and bulldozing. 

Although height and survival of the seedlings 

increased with increasing intensity of rototdhng, 

this treatment alone was not as effective as the 
other two methods, which actually remove 

vegetation. Rototilling merely inhibits 

venation, and competing species rcinvade the 

site quickly. Because Japanese larch is noted for 

its inability to withstand competition, the author 

recommended that site preparation be used to 

remove all vegetation in the vicinity ol each 

seedling. Cook (1969) recommended removing 

shrubs "or other competing vegetation with 
herbicide applications the summer before 

planting of larch. For sites that are no. well 
drained because of hardpans in the soil. Cook 
suggested that additional soil depth and improved 

drainage might be achieved by plowing two 

furrows together to form ridges that could be 
spaced about 10 or 12 fee. (3 to 3.7 m) apart. 

This has been attempted in preparing sites with 

hardpan soil for planting of Japanese larch and 
other conifers in Britain (Wilson and Pryatt 

1984). Growth increased initially, but there was 

no significant increase in growth after 30 years 

when compared with larch on sites subjected to 

complete cultivation. 

Site-preparation methods used in the 
establishment of several exotic and hybrid larch 

plantations on old-field sites in the Lake States 

have involved plowing, disking and herbicide 

applications during the season before planting. 

In a study of various establishment practices for 

hybrid larch in Wisconsin, Phipps and Nosie 

(1976) used intensive site preparation to remove 

sod and some scattered aspen. A crawler tractor 

with a straight blade levelled and cleared the site, 

which was subsequently disked with a light farm 

tractor to remove weeds. 

In a study of herbicide use with European larch, 

Wyphosate was applied at a rate of 2.2 kg/ha in 

August of the year before planting (Netzer 

1984). Moldboard plowing and disking followed 

in October, and the site was re-disked laie in 

May before planting. In another experimental 

larch plantation, the site was plowed, disked, and 
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treated with herbicide in s.rips the summer 

before spring planting (Riemenschneider and 
Nienstaedt 1983). 

Bcca.se of the lack of informant «,„ ,he 
preparation of si.es for larch planting further 

research is necessary to provide 

recommendations lor specific sties in a particular 
area. Phipps and Nosie (1976) stated thai there 

's a need to evaluate and develop better site-
preparation methods .ha. will concerns 

moisture and nutrients in the root zone of plamed 

seedlings to atlain truly superior growth 

Several studies have been carried out to 
investigate the effects of post-planting chemical 
weed control on the growth and survival of 
planted larch. Careful use of herbicides for weed 
control in larch plantations is required because of 

the extreme sensitivity of larch In herbicide 
damage (Netzer 1984). Herbicide use with larch 
i.s also complicated by the tree's long growing 
season, which prevents overspraying in [ate 
summer to control competition. 

I" Wisconsin. Knighton (1970) studied .he 
effects of a fall (October) application of simazine 
at a rate of 5 Ib/acre (4.6 Iq^a) to European 

larch plamed the previous spring. The study 

indicated thai growth of the sprayed seedlings 
was Significantly less than thai of unsprayed 
irees, and mortality was also 2% greater on 

sprayed trees. From these results, the author 

suggested thai simazine should not be used in 

young European larch plantations. McCavish 
CI98O) observed thai Japanese larch planted in 
Bntain was particularly susceptible to hexazinone 
(Vepar) sprayed a. a medium volume and 
applied during the active growing period In 

France, glyphosate applied at a raie"of 2 kg/ha to 
actively growing European larch caused 
unacceptable rates of injury; however, when ihe 

herbicide was applied in October, the larch was 
only slightly injured by rates of () 7 and 1 4 

kg/na(FrochotetaI, 1981). In OMNR's Eastern 
Region, six trials have indicated that simazine 
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and glyphosate can be applied a, normal rates for 
Japanese larch, whereas lighter rates of simazine 
am still necessary with European larch (Lucas 

Containerized hybrid larch seedlings were 
ontplamed in Wisconsin in a study t0 evaluate 
■he effects of various container systems and 
compennon control treatments (Phipps and Nosie 

1976). The herbicides evaluated were Casoran 
^4 and Roundup, at several combinations and 
Wth various container types. The results 
indicated that survival was considerably lower on 
plots treated with the pre-emergem herbicide 
Lasoran alter one growing season. Casoran was 
applied in hands after fall planting, whereas 
Roundup was applied as a direct spray during the 
■summer (early July, after planting. The authors 

suggested that me lower survival in ,he plots 
treated with Casoran may indicate a toxic effeel 
or thai shading by ,he herbaceous vegetation in 
the control plots provided a more favorable 
envnonmen, for ,he ,rees by reducing 

transpiration and soil moisture evaporation The 
contra] and Roundup treatments were similar 
with respect to survival because the herbicide 
effect was only present during the latter nan of 
ihe growing season. 

A recent study on newly planted European larch 
was carried m in Wisconsin, where 17 
herbicides were oversprayed a. various rates 
CNetzer 1984,. The herbicides were applied in 
various formulations in the summer, I day after 
planting, and they were incorporated into the soil 
immediately after application by using a hand 

rake. The best treatment in terms of weed 
control was simazine. applied as a weuable 

powder at 1.1 kg/ha, which controlled weeds 
sigmficantly belter than all oiher treatments and 
resulted in 100% survival of the trees. Other 
iop-ranking Ireaimcnls were bifenox, oxyfluorfen 

pronamide and oxyzalin. which also provided 
adequate weed control (42 to 53%) and no 

damage to the larch. Herbicides such as 
chchlobenil, linuron, diuron and hexazinone gave 
adequate (in the case of hexazinone, excellent) 
weed control, but the resultant heigh: growth and 
survival of the larch were poor. Lmuron and 



diuron have post-emergent activity, which may 

have caused damage to llie larch. [f these 

herbicides had been applied before planting, they 

might have been more acceptable treatments. In 

contrast, EPTC treatments and the control had 

excellent survival, bu! poor weed control reduced 

growth of the larch. Height growth at the end of 

the first growing season was 1.5 times greater in 

the six best treatments than in the unsprayed 

control. The results of this study indicate that 

both herbicide lype and application are important 

factors in determining the success of treatment 

Excellent resulls were achieved with simazine at 

1.1 kg/ha, but ihis herbicide gave poor resulls at 

2.2 kg/ha. Herbicide formulation may also be 

important since the granular herbicides gave poor 

results. The study provides guidelines for the 

use of alternative herbicides on larch, bui the 

specific weed species and soil texture of a 

particular site must also be carefully considered 

in making weed-control prescriptions. 

The initial spacing of a plantation can be varied 

to accommodate its objectives, particulary with 

respect to desired products. species 

characteristics and site productivity. In a 25-year 

study of European larch planted at spacings 

ranging from 1.8 x 1.8 m to 4.3 x 4.3 tn, it was 

evident that, within limits, the effects of initial 

spacing on radial growth and stem form are 

transitory (Morrow 1984). Wide spacing merely 

delayed the need for the first thinnings by 

several years. Morrow recommended an initial 

spacing of 3x3 tn, or rectangular spacing of 

either 3.4 x 2.7 m or 3.7 x 2.4 m. where 1000 

trees/ha are established, since many financial 

objectives can be achieved al this spacing. 

Morrow stated that closer spacings are seldom 

justified lo reduce loss ofeiiher wood quality or 

volume, and pre-commercial thinnings would be 

more expensive. Planting less than 740 trees/ha 

risks a loss of wood quality and, for pole 

production, volume. At such extremely wide 

spacings. the trees may become poorly 

distributed and, as a result, growth losses may 

occur. 

In contrast, for the SRIC system, it is 

recommended that larch be planted at closer 

spacings than are generally recommended for 

conifer management (Jefi'ers and Isebrands 

1974). Several spacing studies for larch in 

Europe have substantiated this idea. Bonnemann 

el al. (1971) investigated the growth of European 

larch at I- x l-m, 2- \ 2-m and 3- x 3-m 

spacings after 17 and 22 years. For the I- x l-m 

spacing, approximately one-third of the trees had 

died after 17 years, and mortality increased to 

50<vf by 22 years. In the 2- \ 2-m plots, natural 

mortality was just becoming noticeable at 22 

years. Height growth was not affected by 

spacing al 17 years, bul it had increased with 

increasing spacing by 22 years. As spacing 

increased, basal area and volume production, as 

well as the number of straight stems, decreased. 

Natural beech (Fagus spp.) reproduction present 

at the time of planting died under the dense 

stands, but survived in the more widely spaced 

stands. From these results, the 3- x 3-m and 1-

x l-m spacings were rejecied. and \.5- x 1.5-m 

to 2- x 2-m spacings were considered 

appropriate. 

The same study was evaluated again when the 

trees were 30 years old (Fromsdorf and 

Magnusscn 1980). By ihis time, the densely 

stocked (1x1 in) plots had 1200 slems/ha after 

two thinnings, and the widely spaced plots had 

700 stems/ha. There was a larger number of 

dominant, well formed stems at the dense 

spacings. Continued development of ihe natural 

beech understory occurred in the 2- x 2-m and 3-

x 3-m spacings, but the beech did not thrive in 

the 1- X l-m spacings. As a result of thinnings 

in the 1- \ l-m plols, a great number of small-

volume stems had been cut at high cost and with 

a low revenue. On the other had, for a 

maximum-value-lurnover production goal, the 

number of larches with long, straight and clean 

boles was too low in the widely spaced 3- x 3-m 

plols. Therefore, as in ihe previous evaluation, 

these authors recommended the 2- x 2-m spacing 

in order lo attain the necessary 250 to 300 

stems/lia at the age of 30 years if the right 

provenance is used and pruning is carried out. 



Another study in Germany investigated the 

effects on growth of Japanese larch planted 

at 1- x l-ni, 2- x 2-m. 3- x 3-m and 4- x 4-ni 

spacings after 51 years (Hinners and Straimann 

1984). At lliis age, all spaeings showed similar 

heights, and diameters at the wider spacings were 

clearly superior to those at closer spacings. 

Heavy low thinnings at the closer spacings did 

not result in the desired improvement in diameter 

growth, perhaps because of severe growth 

depression that must have already existed in the 

plots with denser stockings when the thinnings 

began. Increased branehiness and poorer stem 

form occurred as spacing widened. For total 

volume production, the 1- x 1-m spacing was 

clearly superior to the others, but the 2- x 2-m 

spacing was apparently overtaking the closer 

spacing at this age. From the results, the authors 

recommend establishing Japanese larch at 4000 

tO 2500 stems/ha {1.6 x 1.6 to 2.0 X 2.0 m 

spacing! and subsequently reducing stem 

numbers early by precommercial thinnings 

followed by low thinning in the young stands 

afterwards. This prescription should guarantee 

satisfactory diameters and acceptable quality 

without any noteworthy losses in volume 

production. 

In agreement with these studies, Jeffers and 

Isebrands (1974) believe that SRIC larch can be 

planted successfully at 1.8- x 1.8-m spacings, or 

possibly less, with improved material. From this 

recommendation, a pulpwood rotation age of 20 

to 25 years would be feasible. The exact 

rotation age would depend on the species and 

growth rate, as well as on the cultural treatments 

that are carried out. Sdireiner (1970) 

recommended that fiber production of larch 

could be carried out under rotations of 6 to 16 

years. 

Fertilization and Irrigation 

Jeffers and Isebrands (1974) recommended thai 

intensive management practices such as 

fertilization and irrigation should be utilized in 

SRiC plantations. The larches, especially 

Japanese larch, are very sensitive to long 

mid-summer droughts (Heit 1972). Therefore, 

irrigation may be particularly important, Young 

Japanese larch are known to respond well to 

fertilizer applied in conjunction with irrigation 

(Jeffers and Isebrands 1974). The principles of 

fertilization and irrigation for larch are similar to 

those for hybrid poplar. 

The effect of nutrient deficiencies on wood 

properties of 2-year-old western larch seedlings 

grown in solutions deficient in minerals has been 

investigated (Murphcy et al. 1969). When 

available mineral elements, including nitrogen, 

phosphorus, potassium, calcium, magnesium and 

other macro- and micronutrients were reduced, 

significant differences were noticed in all 

physical and mechanical wood properties 

measured when compared with a control. These 

properties included the number of tracheids, 

diameter of resin canals, number of epithelial 

cells, width of rings, number of rays, diameter of 

tracheid walls, length of tracheids and specific 

gravity. 

Studies of the performance of various larches 

have used fertilization and irrigation to promote 

maximum production. Isebrands and Hunt 

(1975) irrigated newly planted Japanese larch 

regularly throughout the growing season when 

rainfall fell below 2.5 cm. In the ihird and 

fourth growing seasons, between 50 and 60 g of 

10-10-10 fertilizer was applied to each tree in the 

spring, in mid-June and mid-August, and in hue 

September. A single fertilizer application was 

made in July of the fifth growing season, and a 

final application was made in June of the eighth 

year. Fertilization increased volume production 

and wood uniformity, although specific gravity 

decreased as a result of decreased tatcwood 

production, as discussed previously in the section 

on larch utilization. Zavitkovski ct al. (1982) 

kept soil moisture near field capacity, by 

irrigating as required, in a study of biomass 

production in 4- to 9-year-oid intensively 

cultured hybrid larch. A high level of soil 

nutrients was maintained by annual fertilization 

with nitrogen, phosphorus and potassium at rates 

of 150, 40, and 40 kg/ha, respectively. 
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