































































































































































































































































































76

INITIATION OF CALLUS AND SHOOT PRODUCTION
IN PRUNUS SEROTINA

S.K. Hall and C.A. Maynard

State University of New York
College of Environmental Science and Forestry
Syracuse Campus
Syracuse, N.Y. 13210
U.S.A.

ABSTRACT

Black Cherry (Prunus serotina), one of the most valuable
hardwoods in the northeastern United States, has been propagated from
lateral bud explants and . successfully transferred to soil following
establishment, multiplication and rooting in vitro. However, to
increase the rate of mass regeneration of genetically improved clones
at an economically acceptable cost, regeneration from cell cultures
is being explored.

Using axenic stem segments from micropropagated plantlets
as explants, we have found that Gamborg's B-5 media supplemented with
30 g/1 of sucrose, 3 mg/l IBA (Indole butyric acid), and 1 mg/l BAP
(Benzylaminopurine), produces the healthiest (green to yellow) and
largest quantities of callus. Callus has been produced on 13 clones
and requires subculturing every two to four weeks depending on the
individual clone's growth rate. Some clones have been subcultured up
to eight times.

Out of four clones tested to date, one has been induced
to produce shoots from callus when transferred to a state II micro-
propagation media (Murashige and Skoog media supplemented with 20 g/l
sucrose, 0.01 mg/l IBA, 0.75 BAP; Tricoli, Maynard, Drew, Forest
Science, 31:201-208, 1985). These shoots were induced to form roots
on a stage III media and have been transferred to a soilless potting
mix.

Experiments are currently being established to develop a
shoot regenerating media using both juvenile and mature tissue of
roots, leaves, and shoots as explant material. Calli from these
explants are being tested for shoot regenerating capabilities.

RESUME

Le cerisier noir (Prunus serotina), l'un des feuillus les

plus précieux dans le nord-est des Etats-Unis, a &t& multipli& 3 par-
tir d'explants de bourgeons latéraux et transféré avec succés dans du
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sol aprés é&tablissement, multiplication et enracinement in vitro.
Cependant, pour augmenter le rythme de multiplication en masse de

clones génétiquement améliorés 3 un coiit &conomiquement acceptable,
on est en train d'explorer la régénération par culture de tissus.

En utilisant comme explants des segments axéniques de
tiges de plantules micromultipliées, nous avons découvert que la for-
mule de substrat B-5 de Gamborg, renforcée de 30 g/l de sucrose, de 3
mg/l d'IBA (acide indole butyrique) et de 1 mg/l de BAP (benzylamino-
purine), produit les plus saines (vertes 3 jaunes) et les plus gran-
des quantités de cals. Du cal a &té produit sur 13 clones et demande
d étre repiqué toutes les deux d quatre semaines selon le rythme de
croissance du clone impliqué. Certains clones ont &té repiqués jus-

qu'd huit fois.

Des quatre clones testé@s jusqu'd ce jour, un a &té amené
3 produire des tigelles 3 partir du cal lorsqu'on 1l'a transféré sur
un substrat de micromultiplication de deuxiéme &tape (substrat de
Murashige et Skoog renforcé de 20 g/l de sucrose, de 0,01 mg/1 d'IBA,
de 0,75 mg/l de BAP; Tricoli, Maynard et Drew, Forest Science,
31:201-208, 1985). Ces tigelles ont &té& amenées 3 s'enraciner sur un
substrat de troisiéme é&tape et ont &té transfér@es sur un mélange
pour contenant sans sol.

Des expériences sont en cours et visent 3 mettre au point
un substrat pour 1la régénération des tigelles en utilisant comme
explants des tissus aussi bien juvéniles qu'adultes issus de racines,
de feuilles et de tigelles. Les cals de ces explants sont testés
pour leur capacité de régénérer des tigelles.
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MICROPROPAGATION OF AMERICAN ELM
Rong H. Ho

Ontario Tree Improvement and Forest Biomass Institute
Ministry of Natural Resources
Maple, Ontario LOJ lEO

ABSTRACT

Cloning of American elm (Ulmus americana L.) was carried
out by culturing the hypocotyl and epicotyl with 2 cotyledons from
germinants. After 3 months of culture, MS medium supplemented with 1
mg/1l of BAP and 0.02 mg/l of NAA was found best for induction of
adventitious shoots from a callus regenerated from an epicotyl and it
averaged 2.8 shoots per callus. Some of the germinants were planted
in 1/2 MS basal medium which contained 1/2 strength of the macronu-
trients in MS medium. The terminal shoot was excised at the inter-
node above the lowest pairs of leaves and planted in 1/2 MS basal
medium. The terminal shoot rooted in 10 days and at least 10 plan-
tlets were regenerated from a single donor plant in 3 months.

Keywords: Ulmus americana, Tissue Culture, in vitro Culture, Clo-
ning, Dutch Elm Disease

RESUME

On a pratiqué le clonage de 1l'orme d'Amérique (Ulmus ame~-
ricana L.) en cultivant 1'hypocotyle et 1'épicotyle avec deux cotylé-
dons de germinants. Aprés trois mois de culture, le substrat MS
additionné de 1 mg/1l de BAP et 0.02 mg/l de NAA s'est révélé le meil-
leur pour induire des tigelles adventives sur un cal multiplié 3 par-
tir de 1'épicotyle, avec en moyenne 2.8 tigelles par cal. Certains
germinants ont été plantés sur un substrat 1/2 MS qui contenait la
moitié de la concentration de macronutriments du substrat MS. La
pousse terminale a &té excisée 3 1l'entrenoeud au-dessus des paires
inférieures de feuilles et plantée dans le substrat 1/2 MS. Cette
pousse terminale s'est enracinée en 10 jours et au moins 10 plantules

-

ont été& régénérées en 3 mois 3 partir d'une seule plante-mére.

Mots=-clés: Ulmus americana, culture des tissus, culture in vitro,
clonage, maladie hollandaise de 1'orme.
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INTRODUCTION

The devastating Dutch elm disease (Ceratocystis ulmi) has
killed millions of elm (Ulmus spp.) in North America and Europe. The
disease 1s transmitted from tree to tree by bark beetles carrying the
fungus. In the past few years, the fungal infection has abated due
to an integrated program of pest management through biological con-
trols (Strobel and Lanier 198l1). On the other hand, investigators
are trying to find a solution to the devastating problem through in
vitro culture. Ulrich et al. (1984) produced plantlets from callus
which has been preserved through cryopreservation. This cryopreser-

vation could be used to preserve the genotypes that may be irretrie-
vably lost due to insects and diseases. Using cell suspension cultu-
res, Durzan and Lopushanski (1975) regenerated plantlets from callus
which was derived from the cells. Lin et al. (1981) cultured
explants from twigs and young leaves of a 10-year-old Japanese elm
(U. propinqua or U. japonica) tree and obtained some plantlets from
the regenerated calli. Attempts were also made to culture immature
embryos (Anagnostakis 1977) and to induce haploids through anther
culture in American elm (Redenbaugh et al. 1981).

Aseptic clonal material is valuable in facilitating stu-
dies of the infection mechanism and pathogenicity of C. ulmi and
identifying plant genes for disease resistance breeding. “The present
study was designed to clone each donor plant by culturing the
explants from aseptic germinants of American elm.

MATERIALS AND METHODS

Open-pollinated seeds were collected from several Ameri-
can elm trees. Seed coats were removed and the naked seeds were ste-
rilized with 10% Javex bleach solution plus two drops of Tween 20 for
15 minutes. They were rinsed 3 times with sterilized distilled water
before being placed on a 0.6% agar medium for germination. Seeds
germinated within a week. As soon as the green cotyledons were open,
each epicotyl with two cotyledons was separated from the hypocotyl
and incubated on Murashige and Skoog (MS) medium (1962) supplemented
with various combinations and concentrations of benzylaminopurine
(BAP) and naphthaleneacetic acid (NAA), along with a 1 cm segment of
the proximal end of the hypocotyl from the same donor plant, in a
Petri dish (60 x 20 mm). Sixteen kinds of media were made from four
concentrations each of BAP (0.1, 1, 2, and 3 mg/l) and NAA (0.02,
0.2, 1, and 2 mg/l). Twenty cultures were made for each medium. The
media were adjusted to pH 5.8 and then autoclaved at 1 kg/cm2 for 15
minutes. The cultures were kept at 25°C during the day and 15°C at
night under a 16-hour photoperiod with a PPFD at 15 E/ m 2/gec in an
incubator.

Some of the germinants were transplanted, one to a jar
containing a modified MS medium which had 1/2 strength of the macro-
nutrients in MS medium. Twenty jars were kept in a growth room
having culture conditions similar to the incubator. When a germinant
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grew to a plant with three pairs of large leaves in addition to a
pair of cotyledons, the terminal was excised at the internode above
the lowest pair of leaves and planted into the modified medium with
or without 0.02 mg/l of NAA for rooting. A larger plant with more
than 3 pairs of leaves could produce a terminal shoot and an explant
with a pair of leaves for rooting. Plantlets were regenerated from
lateral shoots of a donor plant or an explant, and from subsequently
rooted cuttings.

RESULTS

After a month of culture of the epicotyl with two cotyle-
dons, the brownish green calli produced a few adventitious shoots and
some shoot primordia in all the sixteen media while in the media with
high concentrations of NAA, the calli regenerated not only shoots but
also roots (Table 1). After three months of culture, MS medium sup-
plemented with 0.02 mg/1 of NAA, and 1 or 4 mg/l of BAP gave the best
results producing an average of about 3 shoots per callus, ranging
from 1 to 8 shoots per callus. However, shoot growth and development
was better on the medium with 0.02 mg/l of NAA and 1 mg/l of BAP than
that with 0.02 mg/1l of NAA and 4 mg/l of BAP. Calli incubated on MS
medium supplemented with a high concentration of NAA (1 or 2 mg/1)
and low BAP (0.1 mg/l) produced more than 5 adventitious roots per
callus and as many as 24 roots were formed on a single callus.

Table 1. Average number of shoots or roots per callus regenerated
from epicotyl with two cotyledons which were cultured on MS
medium supplemented with various combinations and concen-
trations of BAP and NAA

BAP (mg/l)

0.1 1 2 4 0.1 1 2 4

Average No. of shoots Average No. of roots

per callus per callus

NAA 0.02 0.7 2.8 1.7 2.9 0.1 0 0 0
(mg/1) 0.2 0.9 1.8 0.9 0.5 0.6 0.1 0 0
1.0 0.8 0.8 0.7 0.4 6.7 0.6 0.3 0
2.0 0.6 0.5 0.6 0.4 5.0 0.3 0 0

No adventitious shoots were regenerated from the greenish
brown calli originated from hypocotyl segments. However, two calli
incubated on MS medium supplemented with a low concentration of BAP
and high NAA, produced 1 or 2 roots per callus after 3 months of cul-
ture.
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Shoots, .either terminal or lateral, and cuttings with a
pair of leaves, rooted equally well in both the modified MS medium
with and without 0.02 mg/l1 of NAA. In some cases, only leaves of a
terminal shoot were partially embedded in the medium, and a root was
produced from the cut end and grew into the medium. 1In 3 months of
culture, over 10 plantlets were regenerated from each donor.

DISCUSSION

This study demonstrated that American elm could be rapid-
ly cloned in a short period of time. Because the resulting plantlets
are aseptic and clonal, this would provide material to facilitate
replicated studies on fungal infection, screening for disease resis-
tance, and progeny testing.

Multiplication of adventitious shoots from calli regene-
rated from epicotyl with cotyledons in American elm appeared to be
best when it was incubated on MS medium supplemented with 1 mg/1l of
BAP and 0.02 mg/l of NAA (Table 1). A similar combination and con-
centration of BAP and NAA was used in successful regeneration of
adventitious shoots from calli induced from twig and young leaf
explants in Japanese elm (Lin et al. 1981). Ulrich et al. (1984)
produced plantlets from cryopreézgvza—halli originated from the hypo-
cotyl of American elm by using woody plant medium with coconut milk
and high concentrations of BAP (4 mg/l) and NAA (1 mg/l). Durzan and
Lopushanski (1975) omitted m=-inositol, vitamins, and plant growth
regulators from the medium in order to produce adventitious shoots
from calli regenerated from suspension culture cells of hypocotyl
origin.

High concentrations of BAP and low concentrations of NAA
tended to induce regeneration of adventitious shoots, while concen-
trations high in NAA and low in BAP seemed to induce formation of
adventitious roots (Table 1). Durzan and Lopushanski (1975) also
obtained roots when cells were plated on a medium high in auxin (2.5
mg/1l of NAA) and low in cytokinin (1 mg/l of kinetin). Since Ameri-
can elm calli are sensitive to the ratio of auxin and cytokinin in
shoot or root regeneration, they make a good specimen to study gene
regulation in organogenesis.

In response to cultural treatments, epicotyl with cotyle-
dons appeared to be superior to hypocotyl for regeneration of adven-
titious shoots. Most calli regenerated from epicotyls produced
shoots while none of the calli from the hypocotyl segments produced
any shoots in 3 months of culture. However, cells from suspension
culture established from friable calli regenerated from hypocotyl
segments of American elm, were induced to form shoot primordia in 50
days of culture (Durzan and Lopushanski 1975).

A genotype is best maintained by in vitro rooting of cut-
tings and this would provide clonal material for genetical and phy-
siological studies. On the other hand, plantlet production through
callusing and shoot regeneration can result in somaclonal variation.
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Therefore, plantlets regenerated from cuttings would provide better
material for an accurate assessment of within and among clonal varia-
tion in a disease resistance study or genetic testing.
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DEVELOPMENT OF RESISTANCE IN POPULUS TO
SEPTORIA MUSIVA UTILIZING SOMACLONAL VARIATION
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University of Minnesota, St. Paul, Minnesota 55108

Michael E. Ostry and Darroll D. Skilling
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ABSTRACT

The identification and isolation of variant cells, cell
aggregates, calli, or adventitious shoots in aseptic cultures of
several important agronomic crops has subsequently resulted in rege-
nerated plants which express resistance to a variety of pathogens.
If the type of variation described above (i.e. variation observed in
plants obtained from aseptic culture systems, and given the term
"somaclonal variation™) can be identified and isolated in aseptic
cultures of forest tree species, it would be possible to consider for
the first time the improvement of specific characteristics in a
period of months rather than decades. The goal of this cooperative
research project is to develop a model system for identifying soma-
clonal variation in aseptic cultures of selected hybrid Populus clo-
nes and regenerate plants that express an increased resistance to the
fungal pathogen Septoria musiva. This fungus 1s a stem and foliar
pathogen that limits the usefulness of many hybrid poplar clones in
the north central and northeastern United States. Somaclonal varia-
tion offers the possibility of minimizing this threat by obtaining
resistance to S. musiva in these otherwise valuable genotypes.

Keywords: aseptic culture, tree improvement, resistance screening.

RESUME

L'identification et 1'isolation de cellules variantes,
agrégats de cellules, cals ou tigelles adventives dans des cultures
aseptiques de plusieurs plantes agricoles importantes ont par la
suite donné des plants wmultipliés qui manifestent une résistance 3
toute une gamme de pathogénes. Si ce type de variation (c'est-d-dire
celle que 1'on observe pour les plantes obtenues dans des systémes de
culture aseptique et qu'on appelle "variation somaclonale”) pouvait
étre identifié et is0lé& par la culture aseptique d'essences forestid-
res, il serait alors possible de considérer pour la premiére fois
1'amélioration de caractéres spécifiques sur une période de quelques
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mois plutdt que de quelques décennies. Le but de ce projet coopéra-
tif de recherche est de mettre au point un systéme pour identifier la
variation somaclonale dans des cultures aseptiques de clones choisis
de Populus hybrides et pour multiplier les plants qui démontrent une
résistance accrue au champignon pathogéne Septoria musiva. Ce cham-
pignon est un pathogéne de la tige et des feuilles qui réduit 1'uti-
1ité de nombreux clones de peupliers hybrides dans le nord et le
nord-est des ftats-Unis. La variation somaclonale offre la possibi-
1ité de réduire cette menace en obtenant une résistance 3 S. musiva
chez ces génotypes qui autrement seraient utiles.

Mots-clés: culture aseptique, amélioration des arbres, sélection
pour la résistance.

INTRODUCTION

Hybrid poplars are currently receiving considerable
attention as sources of fiber and energy. However, in the north cen-
tral and northeastern United States, potential biomass yields from
intensively managed hybrid poplar plantations are primarily limited
by the stem and foliar pathogen Septoria musiva. Before hybrid
poplars can be economically utilized by the forest industry, genoty-
pes resistant to S. musiva must be available.

The North Central Forest Experiment Station's (NCFES)
Biotechnology Program is part of the U.S. Forest Service's national
research effort for forest tree improvement. By applying aseptic
culture techniques to hybrid poplars it may be possible to identify
and isolate variation for increased resistance to S. musiva in a much
shorter period of time than would be possible in a conventional bree-
ding prograum.

The specific objectives of this cooperative investigation
between the NCFES, Forest Disease Project, and the Department of Hor-
ticultural Science and Landscape Architecture, University of Minne-
sota are: (1) the development of aseptic culture systems that allow
plantlet regeneration at different levels of tissue organization and
(2) the development of screening systems that can be used at elther
the cellular or plant level to identify and recover somatic variants
that show increased resistance to S. musiva.

Plants regenerated from aseptic cultures of many agrono-
mic species have expressed variation for a wide range of traits (Lar-
kin and Scowcroft 1981). 1In the paper cited above any type of varia-
tion observed in plants obtained from aseptic culture systems was
defined as "somaclonal variation”.

The precise cause of observed variation has not been
determined. In general, the variation can either be pre-existing in
the explant material, as in sugarcane and potato (Brettell and Ingram
1979), or arise in vitro (Larkin and Scowcroft 1981). Factors that
apparently contribute to somaclonal variation include the genetic




85

background and source of the explant, growth medium, vate and method
of transfer, time in culture, and characteristics of the aseptic
plant culture such as growth rate (Orton 1983).

Possibly the most useful variant trait reported in rege-
nerated plants is an increased resistance to various diseases (Heinz
et al. 1977, Gengenbach et al. 1977, Matern et al, 1978, Sacristan
1982). The observed resistance in aseptic culture-derived plants was
determined to be genetic in several instances (Gengenbach et al.
1977, Sacristan 1982) and maintained through several asexual genera-
tions in others (Heinz et al. 1977, Matern et al. 1978). Several
sugarcane somac lones havE—BéZE-reported as beiﬁé'gﬁitable for commer-

cial plantings (Heinz et al. 1977).

Many reviews are now available which discuss the theory
and techniques associated with obtaining disease resistant plants
from aseptic culture systems (Chaleff 1983, Evans et al. 1984, Mere-
dith 1983, Orton 1983). The ability to initiate and maintain cultu-
res of the plant species under precisely defined conditions is essen~-
tial, especially in the forms of suspension and plated cell cultures
(Chaleff 1983, Meredith 1983). 1t is also important to know as much
as possible about the pathogen, in particular, whether a culture fil-
trate that will induce symptoms of infection can be obtained (Bret-
tell et al. 1979, Chaleff 1983, Meredith 1983). Finally, after
resistant cells/cell colonies have been identified, the regeneration

of whole plants must be possible.

There have been nearly 50 articles published on the asep-
tic culture of the genus Populus during the past 25 years. The first
report of whole-tree regeneration from unorganized callus was by Win-
ton (1970) and it 1is now possible for many poplar species and
hybrids. The initiation and maintenance of suspension cultures (Win-
ton 1968, Matsumoto et al. 1970) and subsequent plant regeneration
(Riou et al. 1975, D6§§i§§—1982) have also been reported. Variation
in several morphological traits of putative P. X euramericana hybrid
poplars regenerated from unorganized callus ‘cultures was reported by
Lester and Berbee (1977).

Screening for desirable traits in whole plants regenera-
ted from aseptic culture systems can be accomplished by conventional
methods. However, screening at the whole plant level is inefficient
in terms of facillities and labor. Assuming that the trait for sus-
ceptibility or resistance to any particular pathogen is expressed at
the cellular level, it would be much more efficient to screen callus
(Helgeson and Haberlach 1980) or cell cultures (Chaleff 1983, Mere-
dith 1983) prior to plant regeneration. It is important to realize
that callus selection systems can be affected by many factors and may
therefore be difficult to reproduce (Helgeson and Haberlach 1980).
In addition, any type of callus selection system 1is likely to be
inefficient when compared to suspension, and especially, plated cell
selection systems (Meredith 1983).

Recent research has revealed that the potential producti-
vity of many hybrid Populus clones is severely limited because of
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their extreme susceptibility to S. musiva (Ostry and McNabb 1983).
Premature defoliation of trees predisposes them to other fungi and
environmental stresses. Plantation failure has been caused by wide-
spread tree mortality resulting from stem infections. The genus
Populus is rich in genetic diversity, including resistance to S.
musiva. However, most of the potentially highly productive clones
tested thus far are too susceptible to this pathogen to be recommen-
ded for planting. Planting resistant clones 1is the most effective
strategy for maximizing fiber yields.

SEPTORIA MUSIVA CULTURE AND FILTRATE ISOLATION

Isolates of S. musiva being used in this investigation
have been recovered from infected hybrid poplars throughout the north
central United States. Sporulating cultures are maintained on an
agar-solidified medium at 20°C in a lighted incubator. Culture fil-
trates are being obtained from liquid shake cultures of the fungus
grown in a defined medium. Filtrates are concentrated in a flash
evaporator and partitioned against various organic solvents. Recove-
red fractions will be partially purified using adsorption chromato-

graphy.

POPULUS CULTURE SYSTEMS

In our work, callus has most often been obtained from the
cut surfaces of stem internode, shoot tip, and leaf disc explants.
The callus is initiated on agar-solidified Woody Plant Medium (WPM)
(Lloyd and McCown 1980) in a dark incubator at a constant 25°C.

By manipulating the type, concentrations, and combina-
tions of growth regulators in the nutrient medium a variety of callus
types have been obtained. For example, callus initiated on a high
2,4-D: no cytokinin medium grows very rapidly, is difficult to main-
tain for extended periods of time, is very friable, and shows low or-
ganogenic potential. This type of callus is suitable for suspension
culture inoculum. Meanwhile, callus grown on media containing appro-
ximately equal concentrations of NAA and BA also grows rapidly but is
firm, easlly subcultured at 4-6 week intervals, and maintains a high
organogenic potential.

Callus initiated on a high 2,4-D medium must be transfer-
red to a low 2,4-D medium for 30-60 days prior to transfer to a shoot
proliferation medium. At present, WPM containing BA: low NAA is used
to stimulate adventitious shoot formation and elongation from unorga=-
nized callus cultures of hybrid poplars in this study.

Adventitious shoots excised from callus cultures are
rooted directly in a peat: perlite medium under high humidity condi-
tions in a growth room. Rooting generally occurs in 14-21 days, at
which time the plantlets are hardened off before being transferred to
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the greenhouse. Several hundred plantlets obtained from callus cul-
tures of clones in this study have now been established in the green-
house.

SCREENING METHODOLOGIES

At present, plants obtained from callus cultures, "“soma-
clones”, are being tested for variation in their susceptibility to
S. musiva by means of a leaf disc bioassay (Spiers 1978) that has
been modified for use under our conditions. Preliminary results of
this initial screening process indicate that variation in resistance
to the pathogen does exist. In addition, we are also using a leaf
puncture assay to isolate those fractions of the culture filtrates
that induce necrosis of leaf tissue. Identified toxic fractions may
then be used to identify somaclones that express an increased resis-
tance to S. musiva. It must be stressed that much work is still nee-
ded to eliminate all sources of extraneous variation from the assay
procedures described above.

As previously mentioned, screening at the whole plant
level is extremely inefficient. Therefore, we are developing in
vitro screening systems as outlined in Figure 1. Plants regenerated
from callus/cell colonies surviving exposure to various forms of S.
musiva in vitro will be assumed to have an increased resistance to
the pathogen. This assumption will be tested under greenhouse condi-
tions, and ultimately, in the field.

SUMMARY

Methods for maintaining aseptic culture of S. musiva and
several hybrid poplar clones have been refined. Further modifica~-
tions may be necessary if indicated by continuing research findings.

Fungus and plant culture systems are to the stage of
development at which screening of poplar regenerated from callus and
cell cultures for variations in susceptibility to S. musiva can be
initiated. 1In vitro screening methodologies are also being developed
and should be available in the near future.

The benefit of this research will be to augment tree
improvement programs so that high value planting material can be pro-
duced quickly. The ultimate benefit will be to remove the constraint
of disease susceptibility to the production of maximum potential
yilelds in intensively managed hybrid poplar plantations.
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Figure 1. Diagrammatic representation of aseptic culture challenge
systems for hybrid Populus. IFCCS: 1. Stock plant, 2.
callus culture, 3. callus inoculated with mycelium (b.)
or spores (c.) from S. musiva cultured on agar-solidified
medium (a.), 4. callus resistant to pathogen (arrow), 5.
isolated resigtant callus, 6. shoot regeneration, 7.
rooted plantlet to be tested for resistance.

CFCCS: 1. Stock plant, 2. callus culture, 3. Populus
suspension culture and/or 4. plated cell culture with
culture filtrate from shake culture of S. musiva (a.)
added to the nutrient medium, 5. Populus cell colonies
which survived exposure to filtrate, 6. shoot regenera-
tion, 7. rooted plantlet to be tested for resistance.
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TESTING OF A METHOD FOR SCREENING ASPEN
FOR HYPOXYLON CANKER RESISTANCE

Bélanger P, R., and P, D. Manion
College of Environmental Science and Forestry,
Syracuse, New York

ABSTRACT

A random selection was made from 36 clones that had been tested in
vitro for their resistance to Hypoxylon canker. The selected clones were
vegetatively reproduced by bud culture. Three different growth media were
used for comparative purposes. After transfer from stage II to stage III,
each seedling from each clone was inoculated with a certain amount of an Hyp-
poxylon mammatum-specific toxin. Seedlings, reaction to toxin injection was
quantified in order to establish a relation to their level of resistance in
the field.

RESUME

Une sélection aléatoire a &été effectude 3 partir de 36 clones qui
avalent &té testés in vitro pour leur ré&sistance au chancre hypoxylonien. Les
clones choisis ont &té reproduits végétativement par la culture de bourgeons.
Trois différents milieux de croissance ont &té& utilisés 3 des fins comparati-
ves. Aprés le transfert du stage II au stage III, chaque semis de chaque
clone a été inoculé avec une certaine quantit@ d'une toxine spécifique 3 Hypo-
xylon mammatum. La réaction des semis 34 1l'injection d'une toxine a &té quan-
tifiée afin d'8tablir une relation avec leur niveau de résistance sur le ter-
rain.
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THE APPLICATION OF MOLECULAR BIOLOGY
TO MASS CELL CLONING OF CONIFERS

H. B. Kriebel and F.W. Whitmore

Div. of Forestry, School of Natural Resources
The Ohio State University
Wooster, Ohio 44691 USA

ABSTRACT

Very significant genetic improvement has been achieved by breeding
of conifers. Additional restructuring of the genome will be possible in the
future by genetic engineering as well as conventional breeding. Exploitation
of these gains will require large-scale clonal propagation from single cells
or protoplasts. Basic biological information is currently Ilacking on the
molecular basis of gene activation during early embryogenesis. An understan-
ding of the biochemistry of embryo formation from undifferentiated diploid
cells following fertilization provides clues for induction of somatic embryo-
genesis. During a period of about 2 weeks after fertilization in Pinus stro-
bus, the histogenesis of undifferentiated embryo initials 1is accompanied by
transitions in RNA distribution in the ovule, and by the expression of genes
for products of stage-specific messenger RNAs. These events precede differen-
tiation in the zygotic embryo. They have important implications for the mole-
cular manipulation of potentially active but strongly repressed genes affec-
ting embryogenesis in somatic cells. A better understanding of repressor
mechanisms and their manipulation may lead to the development of practical and
economical technology for embryo induction in conifer cells and protoplasts.

Keywords: pine embryogenesis, somatic embryogenesis, messenger RNA, eastern
white pine, Pinus strobus, cell culture, protoplast culture, clo-
ning conifers.

RESUME

Par la culture des coniféres, on a pu obtenir une amélioration
génétique trés significative. X 1'avenir, une restructuration additionnelle
du géndme sera possible par génie génétique aussi bien que par croisement con-=
ventionnel. L'exploitation de ces gains va nécessiter une propagation clonale
3 grande &chelle 3 partir de cellules isolées ou de protoplastes. Il y a
présentement pénurie d'informations sur la base moléculaire de 1'activation
des génes au début de 1'embryogéndse. Pendant une période d'environ 2 semai-
nes aprés la fertilisation chez Pinus strobus, 1'histogénése des &1léments
indifférenciés de 1l'embryon s'accompagne de transitions dans la distribution
de 1'ARN dans 1l'ovule, et par 1l'expression de génes de produits d'ARNs messa-
gers spécifiques a ce stade. Ces &tapes précédent la différentiation a
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1'intérieur de 1l'embryon zygotique. Elles ont d'importantes implications
pour la manipulation 3 1'&chelle moléculaire de génes potentiellement actifs
mais fortement réprimés affectant 1'embryogéndse dans les cellules somati-
ques. Une connaissance plus poussée des mécanismes de répression et de leur
manipulation pourrait mener au développement d'une technologie pratique et
économique d'induction de 1'embryon dans les cellules et les protoplastes des
coniféres.

Mots-clés: embryogénése du pin, embryogéndse somatique, ARN messager, pin
blanc, Pinus strobus, culture cellulaire, culture du protoplaste,
clonage des coniféres.
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DEVELOPMENT OF DOULGAS-FIR APICES UNDER NATURAL AND
CONE-INDUCING CONDITIONS

John N, Owens
Professor of Biology, Department of Biology,
University of Victoria,
Victoria, British Columbia, Canada

ABSTRACT

The anatomy, mitotic activity, size and total insoluble carbohy-
drate histochemistry were studied in axillary apices from 9- and 10-year-old
Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) trees, after come induction
treatments of rootpruning (RP) and (or) stem injections of a gibberellin A4
and Ay (GA4/7) mixture. Axillary buds were initiated at the time of RP, but
RP had no effect on axillary bud initiation. Axillary apices from control and
GA treated trees were similar and followed the normal sequence of bud-scale
initiation, differentiation and leaf initiation described previously and no
cone-buds differentiated. Early development of axillary apices from RP and
RPGA treated trees was normal, but development became retarded near the time
of vegetative bud flush. Retarded apices were small with low mitotic activi-
ty, and developed many features characteristic of latent apices. The ultra-
structure of cells at the base of retarded apices showed dense cytoplasm and
some unusual features. Apical retardation coantinued until mid-July when nor-
mal development resumed and apices differentiated into reproductive or vegeta-
tive buds, or became latent. The trees in which the greatest retardation of
apical development occurred during lateral shoot elongation produced the most
cone~-buds. These results are discussed in relation to hypotheses proposed to
explain how cultural and GA treatments affect cone induction in the Pinaceae.

Key words: conifer, apices, cone induction, bud differentiation.

RESUME

Nous avons &tudié 1'anatomie, l'activité méfotique, la taille et
1'histochimie des carbohydrates insolubles totaux dans les terminaisons apica-
les de douglas (Pseudotsuga menziesii (Mirb.) Franco) de 9 et 10 ans, aprés
des traitements d'induction des cBnes par la tallle des racines et (ou) des
injections d'un mélange de gibbérellines A, et Ay (GA4/7) dans la tige. Les
bourgeons axillaires &taient d&jid apparus au moment de la taille des racines
mais celle-ci n'a pas eu d'effet sur l'apparition des bourgeons axillaires.
Les terminaisons axillaires chez les témoins et les arbres traltés au GA
taient semblables et sulvaient la s&quence normale préc&demment décrite;
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aucun bourgeon de reproduction ne s'est différencié. Le primo-développement
des terminaisons axillaires des arbres traités par la taille seule et par la
taille avec GA é&tait normal mails leur développement subséquent fut retardé
pratiquement jusqu'au moment du débourrement des bourgeons végétatifs. Les
terminaisons retardées étaient petites, avec une faible activité méTotique, et
développérent de nombreux caractéres propres aux terminaisons latentes.
L'ultrastructure des cellules 3 la base des terminaisons retardées montra un
cytoplasme dense et certains caractéres inhabituels. Ce retard apical conti~
nua jusqu'd la mi-juillet: 1le développement normal repris alors et les termi-
naisons se différenciérent en bourgeons végétatifs ou reproductifs, ou devin-
rent latentes. Les arbres chez qui se produisit le plus long retard dans le
développement des terminaisons pendant 1'élongation des pousses latérales,
produisérent le plus grand nombre de bourgeons de de reproduction. Nous dis-
cutons de ces résultats par rapport aux diverses hypothéses proposées pour
expliquer comment les traitements culturaux et les traitements aux GA affec-
tent 1'induction des cdnes chez les Pinacées.

Mots-clés: conifére, terminaisons, induction des cénes, différentiation des
bourgeons.
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CONE INDUCTION IN WHITE AND NORWAY SPRUCE
Rong H. Ho

Ontario Tree Improvement and Forest Biomass Institute
Ministry of Natural Resources
Maple, Ontario LOJ 1lEO

ABSTRACT

White spruce (Picea glauca (Moench) Voss) trees in a seed orchard
were sprayed biweekly with 200 mg per liter of gibberellin A4/7 (GA4/7) under
two different schedules. The optimal period for spraying was found to be from
the time of bud break to that of bud differentiation for reproductive organs
(May to July). Branches of some other trees were selected for spraying biwee-
kly with 4 different concentrations of GA4/7 from May to August. A signifi-
cant increase in cone production was found on branches sprayed with 800 mg per
litre of GA4/7.

Girdling of Noxway spruce (P. abies (L.) Karst.) trees resulted in
a significant increase in cone productiEE with an average of 72 cones per tree
while cone production of the untreated trees averaged 34 per tree. However,
yellowing of foliage was observed in the treated trees.

Keywords: Picea glauca, Picea abies, GA4/7, Girdling, Seed Cone

RESUME

Les &pinettes blanches (Picea glauca (Moench) Voss) d'un verger a
graines ont &té arrosées toutes les deux semaines avec 200 mg par litre de
gibbérelline A,;/7 (GA4/7) selon deux calendriers différents. La période opti-
male pour 1'arrosage semble aller du débourrement des bourgeons jusqu'd leur
différentiation en organes reproducteurs (de mal 3 juillet). On a choisi les
branches de quelques autres arbres pour les arroser toutes les deux semaines
selon 4 concentrations différentes de GA4;/7 de mai 3 aofit. On a constat& une
augmentation significative de la production de cdnes sur les branches arrosées
avec 800 mg par litre de GA4/7.

Le cernage des &pinettes de Noxrvége (P. abies (L.) Karst.) a donn&
une augmentation significative de la production de cOnes avec une moyenne de
72 cdnes par arbre alors que celle des arbres non traités était en moyenne de
34. Cependant, on a observé un jaunissement du feuillage des arbres traités.

Mots=-clés: Picea glauca, Picea abies, GA4/7, cernage, cdne
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INTRODUCTION

Application of gibberellin A,/7 (GA4/7) onto conifer trees can
increase seed cone production 1f trees are treated at the appropriate time,
proper duration, and suitable concentration (Tompsett et al. 1980, Chalupka
1981, Cecich 1983, Marquard and Hanover 1984). Harrison and Owens (1983) sug-
gested that cone-inducing treatments be applied before differentiation. Mar-
quard and Hanover (1984), and Cecich (1985) confirmed that GA4/7 treatment
initiated before meristematic differentiation enhanced seed-cone production in
white spruce (Picea glauca (Moench) Voss). The same period of time was also
reported to be best for Sitka spruce (P. sitchensis (Bong.) Carr.) grafts
(Tompsett and Fletcher 1979). Chalupka (1981) observed significant promotion
of pollen cones on Norway spruce (P. abies (L.) Karst.) grafts when they were
sprayed with GA3 in May and June and covered with polythene tents in July.
However, there were great differences in clonal response to GA,/7 treatment
and between years in cone production (Dunberg 1980).

A close relationship exists between the end of shoot elongation
and the time of cone-bud differentiation. The time of cone-bud differentia-
tion can be quite accurately estimated by date of lateral shoot elongation
(Owens and Molder 1977). White spruce trees begin to flush from early to mid-
May and end shoot elongation by early July in the Lake States (Nienstaedt
1974). The present study was designed to 1) establish an optimal period of
GA4/7 spraying onto white spruce trees by using the calendar date, 2) define
an optimal concentration of GA4/y solution for white spruce, and 3) determine
the effect of girdling on Norway spruce.

MATERIALS AND METHODS

Experiment 1. Whole Tree Spraying. Forty white spruce trees representing 5
clones growing in a seed orchard in Midhurst, Ontario were selected for the
study. The trees were l5-year-old grafts of the similar size within a clomne.
In May, June and July, 10 trees each were sprayed biweekly with elther a solu-
tion containing 15% alcohol and 0.05% Tween 20, or a solution containing 200
mg/1l of GA4/7 in addition to alcohol and Tween 20. The other 20 trees had the
same treatments in June, July and August. The foliage was thoroughly wetted
with the solution until the solution was about to drop. The experiment was
carried out for 3 years.

Experiment 2. Branch Spraying. Four branches of about the same size on the
second whorl from the tree terminal were selected from each of 24 white spruce
trees representing 6 clones. The grafts were 18 years old growing in the seed
orchard. Follage on the branches was thoroughly sprayed biweekly with either
the control or the treatment solution from May to August for 3 years. The
control solution contained 15% alcohol and 0.05% Tween 20, and the treatment
solution either 200, 400, or 800 mg/l of GA4/7 in addition to alcohol and
Tween 20.

Experiment 3. Girdling. Two trees each from 11 Norway spruce clones were
selected. They were about 15 years old growing in the Maple, Ontario spruce
arboretum. Two half-moon overlapping girdles which were opposite each other
and placed about 30 cm apart were carried out on each of the treated trees in
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early May, 1983. The width of the cut (2 mm) was about the thickness of the
saw blade and the depth reached the inner bark to sever the phloem. The gird-
les overlapped about 3 cm on each cut end.

Data on seed cone production were collected in the year following
the treatment. The number of whorls of branches bearing seed cones was coun-
ted from the terminal to the base of the trees. Analysis of variance and
Duncan's multiple-range test were based on the outline by Steel and Torrie
(1960).

RESULTS

Experiment 1. Whole tree spraying with GA4/7 did not stimulate any cone crops
in both 1983 and 1985. However, spraying in May, June and July in 1984 produ-
ced significantly more seed cones than the control while spraying in June,
July and August was not effective (Table 1). Thirty-nine percent of the
variation was attributed to treatments and 34% of the variation to clonal dif-
ferences. Treatment and clonal interaction was not significant and constitu-
ted 17% of the variation.

There was a shift in the distribution of seed cones from the upper
whorl to the lower whorl of branches. Trees sprayed in May, June and July in
1984 averaged 11.2 whorls bearing seed cones while the control had an average
of 8.4 whorls producing seed cones (Table 1). No significant change was found
on trees sprayed in June, July and August.

Experiment 2. Seed-cone production on all branches was poor in 1983 and
1985. 1In 1984, branches sprayed with 800 mg/l of GA4/7 produced significantly
more seed cones than those sprayed with either 0, 200 or 400 mg/l of GA4/7
although the treated branches produced at least 20% more seed cones than the
control. Clones and treatments accounted for 39%Z and 34% of the variation,
respectively, while no interaction was found between clone and treatment (10%
of the variation).

Experiment 3. Seed cone production was significantly increased by girdling.
Girdled trees averaged 72 (+ 36) seed cones per tree and non-girdled trees 34
(+44) seed cones per tree. The treatment accounted for 71% of the variation
and clones for 26% of the variation. This treatment resulted in chlorosis in
foliage but recovery occurred in the year following the cone production.

DISCUSSION

The timing of GA4/7 application affected seed come production, and
the response occurred in a good, but not a poor crop year. In 1984, there was
a good cone crop and the GA4/7 spray significantly increased cone production
(Table 1). Poor cone crops occurred in both 1983 and 1985, and GA4/7 treat-
ment did not stimulate cone production. Dunberg (1980) had a similar observa-
tion and found great differences between clones and between years in response
to GA4/7 treatment in Norway spruce. Puritch et al. (1979) concluded that
GA4/7 treatment could not guarantee good cone crops in Douglas-fir (Pseudot-
suga menziesii (Mirb.) Franco).
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Spraying white spruce trees with GA4/7 from May to July signifi-
cant:ly increased seed-cone production while spraying from June to August was
ineffective (Table 1). Cecich (1985) reported that elongating shoots sprayed
from May 13 to June 3 produced significantly more seed and pollen cones than
did elongating shoots sprayed from June 10 to July 1. Marquard and Hanover
(1984) emphasized that GA4/7 treatment should be initiated before meristematic
differentiation began (late June). Tompsett and Fletcher (1979) applied GA4/7
underneath the bark flaps to Sitka spruce and found that application in May
and June was more effective than in July and August. The present study sug-
gested that GA4/7 treatment should begin during bud scale initiation and
before meristematic differentiation in the buds. The bud types may be deter-
mined biochemically during the process of bud scale initiation. According to
Owens and Molder (1977), pollen- and seed-cone apices produced much less bud
scales than vegetative apices in white spruce.

Seed-cone production varied with concentration of GA4/7 treatment
(Tompsett et al. 1980). Application of 200 mg/l of GA4/7 to white spruce was
effective in whole tree spraying from May to July while in branch spraying,
the concentration was only 20% better in seed-cone production than the control
(Table 2). Spraying with 800 mg/l of GA4/7 was significantly better than the
control. Marquard and Hanover (1984) found that shoots sprayed with 250 mg/1
of GA,/7 bore significantly more seed cones than those sprayed with 500 mg/1.
Cecich (1985) used 600 mg/l of GA4/7 spray to effectively stimulate seed-cone
production. Chalupka (1979, 1981) reported that application of 100 mg/l of
GA3 to Norway spruce in May and June significantly increased the pollen-cone
production and a synergistic effect was observed when GA3 was applied with
either chlorcholinchloride in mid-June, or polythene covers in July. Cecich
(1983) applied 3 concentrations of GA4/7 (200, 400, and 600 mg/l) to jack pine
(Pinus banksiana Lamb.) and found the best spray was 600 mg/l of GA,/7.

Table 1. Average number of seed cones per tree and number of whorls bearing
seed cones on white spruce trees sprayed with GA,/7 solution in two

periods
Average number of seed cones Average number of whorls
per tree having seed cones

1983 1984 1985 1984
Control 0 1647+799 0.7+2.2 8.4+1.6
May-June-July 10.6+16.0 3051+1394* 13.0+39.7 11.2+1.3%%
Control 0.3+0.5 294741641 0.4+1.3 9.7+2.5
June-July-August 13.5+34.7 2749+1054 4.0+12.6 10.6+1.6

* differ significantly at the 5% level.
** differ significantly at the 1% level.
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Table 2. Average number of seed cones per branch on branches sprayed with
different concentrations of GA4/7 from May to August in white
spruce. The data in brackets indicate the total number of cones

Average number of seed cones per branch

1983 1984 1985

Control (2) 149.0+94.0 a* 0)
GA4/7 200 mg/1 (2) 179.7471.7 a (4)
400 mg/1 (7 187.2+74.0 a (0)

800 mg/1 (5) 204.3+84.5 b (0)

* means followed by the same letter are not significantly different.

Gradients of plant growth regulators have been proposed as a
mechanism in controlling the zonation of seed- and pollen-cone production
within the crowns of many conifer species (Ross 1976, Pharis et al. 1980).
Marquard and Hanover (1984) observed a shift of seed-cone distribution to more
distal shoot positions in GA,;/7 sprayed branches in white spruce. This was
attributed to the chemical gradients within individual shoots. 1In the present
study, the sprayed trees shifted thelr seed-cone production to the lower
crowns (Table 1). The spray of GA4/7 may have resulted in altering the chemi-

cal level in the lower crown. :

Wounding treatments have been successfully used to induce cone
production. Melchior (1960) found that girdling enhanced cone production in
the following year in European larch (Larix decidua Mill.). Ebell (1971)
established the optimal time to be about one month before vegetative bud break
for girdling in Douglas-fir. Both annual and biennial girdle regimes resulted
in improved cone yields in four successive years (Wheeler et al. 1985). Gird-
ling in early May in Norway spruce significantly increased seed-cone produc-
tion but chlorotic foliage resulted from girdling. The chlorosis may be cor-
rected by the application of nitrogen fertilizer.
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ABSTRACT

Gibberellin A4/7 mixture (GA4/7)1 has been shown to be an effec-
tive treatment for enhancing cone production in Douglas-fir and western hem-
lock. Foliar spray by high volume (HV) sprayer has been shown to be less
effective in Douglas-fir than stem injection, and is also quite wasteful of
this relatively expensive chemical.

This paper reports on the use of ultra low volume (ULV) spray
equipment for the application of GA4/7 as a foliar spray to seed orchard trees
of Douglas-fir and western hemlock. At the rates applied in these studies,
the ULV equipment was more successful than the HV on Douglas-fir, but the
reverse was true for western hemlock. The GA dosage applied by ULV appeared
to be sub-optimal in the latter species.

Keywords: cone induction, gibberellins, seed orchard management

RESUME

Le mélange de gibbérellines A4/7 (GA4/7) est apparu comme le trai-
tement le plus efficace pour augmenter la production de cdnes chez le douglas
et la pruche de 1'Ouest. La pulvérisation sur les feullles au moyen d'un
gicleur 3 grand volume est apparue moins efficace sur le douglas que 1l'injec-
tion dans la tige et elle est trés peu &conome de ce produit chimique relati-
vement coiliteux.

Ce texte décrit 1'emploi d'un é&quipement de pulvérisation 3 trés
petit volume pour appliquer le GA4/7 sur le feuillage des douglas et des pru-
ches de 1'Ouest dans un verger 3 graines. Aux taux appliqués dans ces &tudes,
1'équipement 3 trds petit volume a eu plus de succds que 1'&quipement 3 grand
volume sur le douglas mais c'est 1l'inverse pour la pruche, le dosage appliqué

par petit volume semblant &tre sous-optimal pour cette derniére espéce.

Mots-clés: induction de cOnes, gibbérellines, gestion des vergers 3 graines.

1l Correct usage: GA4/7.
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INTRODUCTION

Gibberellin A4/7 mixture (GA4/7) has been shown to be an effective
treatment for enhancing cone production in Douglas-fir (Pseudotsuga menziesii
(Mirb.) Franco) and western hemlock (Tsuga heterophylla (Raf.) Sarg.). Foliar
application by high volume (HV) mist sprayer has been shown to be less effec-
tive in Douglas-fir than stem injection (Ross, unpublished data). High volume
mist sprayer is the normal mode of application for GA4/7 to western hemlock.
This mode of application is quite wasteful of this relatively expensive chemi-
cal.

In pesticide applications, ultra low volume (ULV) spray equipment
has been found to give the same or better biological control with less chemi-
cal than required with HV sprays (Baldwin and Stanley 1981). This greater
efficiency of ULV sprayers is due to several factors. HV mist sprayers produ-
ce a wide range of droplet sizes (6 to 700 um), the smaller of which (under
ca. 30 vm) drift and rapidly evaporate, while the larger (above ca. 200 ym)
are lost to gravity or result in overkill. With ULV spray equipement the dro-
plet size 1s controlled within a narrow range (ca. 60 to 110 um) to minimize
these losses. The smaller-sized droplets remain suspended in the air stream
for some time where they are carried in eddy currents created within the
crown, thus giving better target coverage, especially on the underside of lea-
ves. And, the smaller droplets are also more efficiently absorbed as a result
of their higher surface area to volume ratio.

Foliar absorption can be further improved by the use of horticul-
tural spray oils which facilitate the penetration of chemicals through stomata
and the lipophyllic cuticle of leaves and new shoots (Baldwin and Stanley
1981, Johnson 1982). Spray oils, in addition, have anti-evaporant and pesti-
cidal (on arthropods) properties, and their use also improves spray disper-
sal. The superior horticultural spray oil is a highly refined, light weight
(60 to 70 second viscosity) paraffinic oil, with an unsulfonated residue of
92% or greater, and a 50% distillation range at 10 mm Hg of 420 i_8°F (Johanson
1982).

Although horticultural spray oils have been recommended for use
undiluted on some crop and horticultural species (Baldwin and Stanley 1981),
Ross (1983) observed that Douglas-fir, western hemlock and white spruce (Picea
glauca (Moench) Voss) trees may be injured at oil concentrations as low as 5%
in water. According to Johnson (1982), most woody plants can tolerate 2% of
o1l if healthy and not subjected to severe water stress. Sunspray 6E manufac-
tured by Sunoco, was selected for testing because of the manufacturer's assu-
rance of low potential phytotoxicity.

The two studies described in this paper were designed to test the
effectiveness of ULV spray equipment for the application of GA4/7 as a foliar
spray to seed orchard trees of Douglas-fir and western hemlock. Both studies
were conducted at MacMillan Bloedel Limited's Harmac Tree Improvement Centre
near Nanaimo, British Columbia.
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MATERIALS AND METHODS

Douglas fir

This study involved 8-year-old rooted cuttings and was initiated
in the spring of 1983. The design was a randomized complete block with six
replications of four trees each assigned to nine treatments:

Ungirdled Control
Girdled Control
HV, Girdled + 400 mg/l GA4/72

+ 0.05% (W/V) Aromox Cl2W surfactant3
ULV, Girdled + 800 mg/1 GA4/7 + 0.05% (W/V) Aromox Cl2W surfactant
ULV, Girdled + 1600 mg/1l GA4/7 + 0.05% (W/V) Aromox Cl2W surfactant
ULV, Girdled + 3200 mg/1l GA4/7 + 0.05% (W/V) Aromox Cl2W surfactant

+

+

+

ULV, Girdled + 800 mg/l GA4/7 0.05% (W/V) Aromox + 2% Sunspray 6E 0i1%
0.05% (W/V) Aromox + 2% Sunspary 6E 0il
0.05% (W/V) Aromox + 2% Sunspray 6E 0il

ULV, Girdled + 1600 mg/1 GA4/7
ULV, Girdled + 3200 mg/1 GA4/7

ooeodooumsWwWwN -

All girdled trees received overlapping, half-circumferential gir-
dles using a sharp pruning saw (Wheeler et al. 1985). Trees were girdled in
the spring once the vegetative buds had_;fgigly swollen but before flushing
had occurred.

Gibberellin foliar sprays were initiated when approximately 50% of
the trees had flushed, and were repeated once weekly for six weeks. A Turbair
Sprite, fan-assisted sprayer was used for the ULV applications, and a standard
hand-pump, backpack, mist sprayer was used for the HV applications.

The volume of solution applied per tree by ULV sprayer (15 ml) was
found to be approximately 1/20 of that applied by the HV sprayer (240 ml). At
the selected ULV spray conceantrations of 800, 1600, and 3200 mg/l, the amount
of GA4/7 received per tree was equal to about .lx, .2x, and .4x, respectively,
that received by the HV sprayer with GA4/7 at 400 mg/1.

~Western Hemlock

This study, which was initlated in the spring of 1984, involved
12~year-old rooted and grafted ramets of western hemlock. One ramet from each
of 24 clones was randomly assigned to receive one of four treatments:

: Untreated Control

HV, 200 mg/l1 GA4/7 + 0.5% (W/V) Aromax C12W surfactant

ULV, 175 mg/1l GA4/7 + 0.5% (W/V) Aromax Cl2W + 2% Sunspray 6E oil
ULV, 875 mg/1 GA4/7 + 0.5% (W/V) Aromax Cl12W + 2% Sunspray 6E oil

0N -

2 ICI Plant Protection Division, Fernhurst, Haslemere Surrey, England (Lot

#4068/116/2, 35.6% Ay: 60.47% Ay).
3 Armak Chemical Limited, 100 University Avenue, Toronto, Ontario, M5J 1Vé.

4 Sun 011 Company.
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Gibberellin A4/7 foliar sprays were initiated at vegetative bud
burst, and were repeated once weekly for six weeks. A Turbair Fox5, fan
assisted sprayer was used for the ULV applications, and a standard handpump,
backpack, mist sprayer for the HV applications. At the selected ULV spray
concentrations of 175 and 875 mg/l, the amount of GA4/7 received per tree was
equal to about 0.1 times and 0.5 times, respectively, that received by the HV
sprayer at 200 mg/1.

RESULTS
Douglas-fir

Flowering responses were assessed in the spring of 1984. As the
trees used varied greatly in size and crown form, counts of seed-cone buds
were expressed on a per-branch basis: one branch per whorl in the uppermost
five whorls was sampled, this being the maximum number of whorls possessed by
all trees. Pollen cones were scored for. each branch as:

0 =nil, 1 = light, 2 = moderate, and 3 = heavy production
Results are presented in Figure 1.

Trees in all treatments produced abundant pollen-come buds as a
result of the adjunct stem~girdling treatments. The pollen response was inde-
pendent of GA treatment.

In terms of female flowering, the trees also responded well to the
adjunct stem-girdling treatment which tended to mask the effects of applied
GA4/7. Girdled controls averaged 2.3 seed-cone buds per branch, versus 0 for
the 14 totally untreated trees. This production exceeded that (1.3 cones/
branch) in response to the mist-spray treatment with GA4/7 at 400 mg/17l in
water contalning Aromax Cl2W surfactant (water-surfactant formulation). This
particular treatment was chosen on the basis of being at least marginally
effective in several previous trials on Douglas-fir, and what appears to be an
inhibitory effect in the present study may in fact be a sampling problem.

The same water-surfactant formulation was more effective at 0.2
the dosage of GA4/7 when applied with ULV than mist sprayer (3.7 vs 1.3 cone-
buds/branch). At 0.1 the dosage, this treatment was no better than girdling
alone. Addition of 2% (v/v) Sunspray 6E horticultural spray oil significantly
enhanced the efficacy of GA4/7 applied by ULV spray. Trees in these treat-
ments produced an average of 168% more seed-cone buds each than those which
received the same concentrations of GA4/7 as a water-surfactant ULV spray
without oil. Compared to the mist-spray treatment, the water-surfactant-oil
sprays resulted in 4.2 fold more seed-cone buds at only 0.1 the dosage of
GA4/7. GA4/7 concentration did not increase the female response. In fact,
the highest concentration (3200 mg/l) appeared to be supraoptimal. Further-
more, none of the phytotoxic effects observed in previous trials (see Intro-
duction) were evident where spray oils were used at much higher concentra-
tions.

> London Fog Company, Long Lake, Minn., U.S.A.
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Q / branch (no. £ s.e.)
6 -

D Control L
5 -
H,0 + Surfactant
41 H,O0 +Surfactant + Oil qs
X &
3 : ]
2 ]
3 '1
14
) Untreated
Control—l
o
Untrt. Girdled 400 800 1600 3200 800 1600 3200
Control Control mg/L mg/L mg/L mg/L mg/L mg/L mg/L
| E— L 1
Mist
Sprayer Ultra Low Volume Sprayer

Western Hemlock

Flowering responses were assessed in the spring of 1985. The res-
ponse to treatment was not as dramatic as for Douglas-fir. Therefore, whole-
tree counts of seed-cone buds were made, and pollen-cone buds were scored on
their presence or absence (0 or 1).

At the rates applied in this study, the HV spray treatment was
more effective than either of the ULV treatments (Figure 2). For the HV
treatment, 100% of the trees produced at least some seed cone buds, as compa-
red to 88% for the 875 mg/l ULV, 35% for the control and 33% for the 175 mg/1l
ULV. The high concentration ULV (875 mg/l) appears to still be scboptimal in
concentration. The large amount of variation seen in the size of the standard
errors is the result of both site and genetic differences.

The HV and 875 mg/l ULV treatments produced slightly more pollen
cone-buds than the control and 175 mg/l ULV (0.6 and 0.7 vs. 0.4 and 0.3). As
well, a higher percentage of the trees produced pollen-cone buds with these
treatments (617 and 717 vs. 35% and 33%).
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Both seed-cone bud and pollen production in this study were much
lower than in smaller potted material that received drought stress (unpubli-
shed data). It is felt that the response in this study could have been impro-
ved if an adjunct stress-inducing treatment had been applied.

+
300 | Q /ramet (no.%s.e.)
200 |
100 |
(o] —F—
Untreated 200 mg/L 175mg/L 875 mg/L
Control Mist Sprayer ULV Sprayer
H,0 + Surfactant H,0 +Surfactant + Oil
CONCLUSIONS

It appears that ULV spray equipment is an effective method of
applying GA4/7 as a foliar spray to Douglas-fir. A surfactant and a horticul-
tural oil are necessary additions.

High volume spray equipment was more effective for use with west-
ern hemlock. The highest ULV concentration appeared to be suboptimal. There
is a need for further work with western hemlock to determine the effectiveness
of higher concentrations of GA4/7, as well as the effectiveness of adjunct
stress-inducing treatments.
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The use of ULV spray equipment does, however, have practical cons-
traints. Due to the very small droplet size, even a slight wind causes
drift. For maximum effectiveness of the chemical, it is desirable to have a
minimum of eight hours without rain after spraying. No wind and no rain are a
combination of conditions that do not frequently occur on the coast of British

Columbia.

ULV sprays could have practical application in an indoor potted
orchard (Ross et al. 1985).
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Female flowering response by girdled 8-year-old Douglas-fir
rooted cuttings to different spray treatments of gibberellin
A4/7 (24 trees per treatment).

Female flowering response by 12-year-old western hemlock trees
to different spray treatments of gibberellin AA/ (1 rooted or
grafted ramet from each of 24 mature clones per Zreatment).
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ESTIMATING SUPPLEMENTAL MASS POLLINATION (SMP)
SUCCESS ELECTROPHORETICALLY

Nicholas C. Wheeler and Keith S. Jech

Weyerhaeuser Forestry Research Center
P.0. Box 420
Centralia, Washington 98531
U.S.A,

ABSTRACT

Electrophoretic analyses demonstrated that supplementally applied
pollen can be easily and accurately detected, even when competing with pollen
from over 200 orchard clones, when pollen parents with appropriate multi-locus
genotypes are selected. SMP efficacy, averaging 45%, was inf luenced signifi-
cantly by cone-bud phenology at time of treatment and the number of treatments
a tree received. Pollen dilution did not significantly reduce SMP success.
Supplemental pollination appears promising as an operational tool in Douglas~-
fir seed orchards.

Keywords: Supplemental mass pollination, seed orchard, allozymes

RESUME

Des analyses &lectrophorétiques ont démontré que le pollen appli-
qué en supplément peut &tre aisément et exactement détecté, méme en présence
de pollen de plus de 200 clones de verger, quand on sélectionne des parents
polliniques avec des génotypes 3 loci multiples appropriés. L'efficacité du
pollen appliqué en supplément, de 45% en moyenne, est influencée directement
par la ph&nologie du bourgeon de cdne au moment du traitement et le nombre de
traitements qu'un arbre a regu. La dilution du pollen n'a pas significative-
ment réduit le succds du pollen appliqué en supplément. Cette pollinisation

semble prometteuse comme outil d'aménagement dans les vergers 3 graines de
douglas.

Mots-clés: pollinisation supplémentaire en masse, verger 3 graines, allozy-
mes

INTRODUCTION
The function of a seed orchard is to provide a sustained and ade-

quate yield of genetically improved seed. This paper is primarily concerned
with the genetic quality aspects of the seed orchard function. Specifically,
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the paper addresses the use and evaluation of supplemental mass pollination
(SMP).

The extent to which the genetic potential of a wind-pollinated
seed orchard is realized has been referred to as the orchard's "efficiency"
(Woessner and Franklin, 1973) or more recently, “genetic efficiency” (Adams
and Joly, 1980; El-Kassaby et al., 1984). To obtain full or maximum genetic
efficiency in an orchard, several conditions must be met: (1) all clones (or
families) contribute equally to the gene pool, (2) clonal pollen-shed and
seed-cone receptivity are essentially synchronized throughout the orchard,
(c) pollen contamination from outside sources is negligible, (d) all possible
crosses are equally compatible and (e) self-fertilization in orchard trees is
negligible (Eriksson et al., 1973; Woessner and Franklin, 1973). 1In short, if
orchard seed is to reflect its theoretical expectation of genetic gain the
orchard itself must represent a nearly perfect, closed, panmictic population.
Most orchard managers are aware that these conditions are seldom, if ever,
met; condition violations are well documented (Eriksson et al., 1973; Jonsson
et al., 1976; Shaw and Allard, 1982; Griffin, 1980; O'Reilly et al., 1982;
Smith and Adams, 1983; Omi, 1983).

In 1973, Woessner and Franklin proposed using supplemental mass
pollination in operational seed orchards to help reduce genetic gain losses
due to the above-mentioned condition violations and to increase yields of fil-
led seed. Subsequently, Denison and Franklin (1975) suggested that supplemen-
tal mass pollination would ultimately become an integral part of the seed
orchard management system for most of those species that produce copious quan-
tities of pollen. 1Indeed, a number of attempts to use SMP on orchard-size
trees have been made (van der Sijde, 1971; Daniels, 1978; Webber, 1981; Bridg-
water and Bramlett, 1982; Bridgwater and Williams, 1983; Hadders, 1984).
These and other studies detailed in a review by Bridgwater and Trew (1981)
have, by and large, relied on filled seed count and cone survival as indica-
tors of SMP success. Such measures are not directly equatable with fertiliza-
tion success of supplementally applied pollen and, in fact, may be quite mis-
leading. Studies with dyed pollen (Bridgwater and Williams, 1983) are also
informative but still ambiguous. Only by directly determining the paternal
contribution of fertilized seed can one estimate the success of a supplemental
pollination with certainty. The best technique currently available for doing
this is starch-gel electrophoresis (Joly and Adams, 1983).

The purpose of this paper is (1) to demonstrate the use of allo=~
zyme markers (electrophoresis) in estimating SMP efficacy and (2) to review
the results of our early attempts at operational SMP in a mature, Douglas-fir
seed orchard.

MATERIALS AND METHODS

Study Trees

Study trees were located in the Coos Bay and Springfield orchard
blocks at the Weyerhaeuser Seed Orchard near Turner, Oregon. Trees in these
orchards averaged 15 years of age and 12-14 meters in height at the time of
treatment. Each orchard block was roughly five hectares in size and contai-
ned some 900 trees representing 100 clones.
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One ramet was selected from each of three clones to receive SMP
treatment using fresh pollen from a single male parent. All four clones were
chosen on the basis of their allozyme genotypes (Table 1), with female clones
being primarily homozygous for common alleles at an array of loci and the male
clone either homozygous or heterozygous for a number of low frequency alleles
at these same loci. Clone 76, chosen as the pollen parent, had three pollen-
producing ramets in the test orchard. Of the three clones chosen as females,
two incurred considerable mortality and were discarded from this study. The
remaining female, clone 53, resides in the same block as the pollen parent.
However, since the Coos Bay and Springfield blocks are in close proximity (1/3
km) and could potentially share pollen pools, allele and genotype frequencies
for the two blocks have been combined (Table 1).

Table 1: Allozyme genotypes of SMP test clones for the five most diagnostic
loci studies. Genotype frequencies for the combined Coos Bay and
Springfield orchards are shown in parentheses; allele frequencies
are noted at the bottom of the table

Genotype at Locus!

Clone PGM CAT IDH 6PGD UGPP2
§2 53 1/1 1/2 1/1 1/1 2/5
(.692)2 (.467) (.574) (.846) (.067)
g6 1/2 2/2 2/2 1/5 5/5
(.195) (.077) (.067) (.092) (.015)
Allele
1 .828 .667 .740 .921 -—
2 .120 .295 .224 -— .330
5 - -—- -—— .051 .087

1 Genotype designations refer to the allelic constitution at that locus as
arbitrarily assigned according to allozyme mobility.

2 Genotype frequencies noted are for the observed genotypes of the study clo-
nes only. Allele frequencies are given only for the alleles possessed by
study clones. They need not sum to 1.0.

Pollen Collection and Processing

Pollen cones were stripped by hand into large kraft bags soon
after natural pollen shed had commenced. When 20 to 30 liters of buds had
been collected they were transferred to a large-lot pollen processor. Pollen
was extracted at approximately 10%Z moisture content after 36-48 hours. About
1.5 liters of clone 76 pollen was processed over a period of seven days. Ger-
mination counts on agar indicated pollen was alive but pollen vigor was not
determinable.,
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Study Approach

Four branches, each with at least 25 seed-cone buds, were chosen
in the mid- to upper-crown of each female clone. Buds were individually tag-
ged and phenologically assessed on a daily basis throughout the period of
receptivity. Each of the four branches on a tree received a different SMP
treatment:

Branch 1: Pure pollen (76), single SMP event

Branch 2: Pure pollen (76), two SMP events, 2-3 days apart
Branch 3: Pollen mixed 1:1 with dead pollen, single SMP event
Branch 4: Pollen mixed 1:1 with dead pollen, two SMP events

Branches were supplementally pollinated when approximately 50% of
the seed-cone buds in the mid- and upper-crown were receptive. Individual
buds were phenologically assessed as being early (essentially non-receptive at
time of SMP -- occasionally cone bracts broke through bud scales), prime (1/4
to 3/4 exposed, for less than three days) and late (receptive three or more
days when pollinated). Late flowers are still within the optimal time of pol-
lination for Douglas-fir. Branches treated twice received their second S5SMP
two to three days after the first. Frequently, cones labeled early at the
time of the first pollination were considered prime at the time of the second
pollination.

Pollen Delivery

Pollen was delivered to receptive flowers using a Weyerhaeuser-
designed pollinator consisting of a blower, a pollen hopper and an auger sys-
tem which metered the pollen into the air stream at desired rates. The
pollen-stream was directed at individual cone buds or bud clusters. For this
experiment, pollen was delivered at the same rate to all branches. Individual
branches were protected from the other treatments only by physical separation
(3 to 5 meters).

Electrophoresis

Enzyme designations, buffer systems, stain recipes and starch-gel
electrophoretic techniques used in this study have been described previously
(Harris and Hopkinson, 1976; O'Malley et al., 1980; Conkle et al., 1983; Jech
and Wheeler, 1984). -

Clone genotypes were inferred using 7 to 10 megagametophytes per
clone. All clones in the two orchard blocks (over 200) were genotyped. Of
the 31 loci assayed for in megagametophytes, 15 were reliably detectable in
embryos and five of these were particularly useful for designating paternity
(Table 1) due to the rare combination of alleles possessed by the pollen
parent.

In the fall of 1984, SMP cones were individually collected and
processed. Filled seed counts were determined by x-ray analysis. Germinated
seeds were dissected when radicles were 3-5 mm long, and megagametophytes and
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embryos were analysed side by side on starch gels. Paternal contribution to
the embryo was inferred by subtracting the female contribution detected in the
megagametophyte from the diploid embryo genotype. The total number of seed
analysed were distributed among phenological classifications as follows:
early 124; prime 383; late 529 and control 60 (from non-SMP cones located on
same ramets).

Interpretation

Individual seed were identified as having been fertilized by sup-
plementally applied pollen or by windborne pollen based on observed multilocus
paternal genotypes. A seed was considered to be in one of three categories:
(1) fertilized by windborne pollen if it possessed at least one paternal
allele not found in clone 76 (e.g., allele 1 for IDH), (2) "probable success”
(fertilized by clone 76) if it possessed the three locus paternal genotype 2-
2-5 (allelic designations) for the CAT, IDH and UGP2 loci, or (3) "unambiguous
success” if, in addition to the above, the seed possessed an allele 2 for PGM
and/or allele 5 for 6PGD since only clone 76 possessed such a potential gamete
producing genotype. The three-locus paternal genotype was considered "proba-
ble” because three other clones could have produced it also (ome in Coos Bay
and two in Springfield blocks), although none of these were homozygous for the
low-frequency allele at all three loci such as clone 76. Considering the num-
ber of flowering ramets from these three clones and their proximity to female
test clones, it is highly improbable (<17%) that they would be contributing
significantly to the windborne pollen pool.

Analyses

Three variables were tested in a complete factorial design: pol-
len purity (dilute or pure), number of applications (one or two) and phenology
of cone at time of treatment (early, prime or late). The experimental unit
was considered the proportion of SMP fertilized seed as determined on a per
cone basis. Experimental unit values were determined by analysing between 5
and 30 seed per cone (x = 15). Between 2 and 14 cones were analysed per fac-
torial treatment combination (x = 8). The unbalanced data set was analysed
using the general linear models (GLM) package of SAS (1982). This provided
for estimates of the three main effects, three two-way interactions and one
three-way interaction. Filled seed, total seed (empty + filled) and percent
filled seed were calculated on a per cone basis for the same set of cones.
These values, based on hand-extraction of all seed, were analysed according to
the procedure just described.

RESULTS AND DISCUSSION

Two of the three ramets receiving SMP suffered significant cone-
bud mortality soon after treatment. While some of the abortion was clearly
due to an untimely frost, most appeared to be in response to the treatment
itself. Two factors seemed to be responsible. One clone was pollinated soon
after a rain when cone buds were still moist; studies in British Columbia sug-
gest this can lead to increased abortion (Karlsson, 1981). Secondly, the
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force of the air-blast delivering the pollen was greater than necessary. We
believe the buds may have actually suffered mechanical damage by the force of
the SMP blast. The remaining ramet, of clone 53, suffered less than 25% abor-
tion and it is from this clonme alone that all data were derived for this
paper.

Overall, 457 of the seed from cones that were receptive at the
time of SMP were fertilized by delivered pollen. Success of SMP (reported as
combined "probable” and "unambiguous” seed) varied significantly by number of
applications (p = .027), and phenology condition of cone (p = .00l; Tables 2
and 3).

Phenology was the more important factor affecting SMP success in
this study. Average success rate with prime flowers was 54%, compared to late
flowers with 38%Z. While this latter value is considerably lower, it is still
encouragingly high. It demonstrates that cone buds need not be pollinated
immediately upon becoming receptive in order to get positive results. This is
important since phenological variation within a tree can be appreciable (Whee-
ler, unpublished data), preventing simultaneous treatment of all cone-buds at
the same stage of receptibility. The 297 success rate for early cones is
deceivingly high; it is inflated by the double treatment values (Table 2).
For double treatments, these cones were rated as early the first treatment but
most were prime by the second treatment. Thus, there is a logical confounding
of main effect. This was further demonstrated by the statistically signifi-
cant interaction between number of applications and phenology (p = .05).
Values for early clones can only be interpreted directly from single applica-
tion treatments.

Two applications were more effective than one (467% versus 39%) but
the advantage was in hitting more cone buds at full receptivity, not in hit-
ting the same bud twice (Table 2). Pure pollen was more effective (46% versus
41%Z) than diluted pollen but the difference was not large or statistically
significant. Consequently, the use of expensive pure pollen for large scale
pollinations is probably not warranted. This supports earlier work suggesting
pollen dilution does not hinder seed set (Owens et al., 1981; Daniels, unpu-
blished data).

Filled seed per cone roughly paralleled the results observed elec-
trophoretically. Phenology was the only factor significantly influencing fil-
led seed; early cones having the fewest, late cones the most (Table 3). The
interesting comparison is with control cones collected elsewhere in the crown,
away from direct SMP areas. Filled seed in these cones was approximately half
that of SMP cones (Table 3).

The success of this semi-operational SMP event can be further jud-
ged in light of the production orchard conditions existing at the time of
treatment. Over 407 of orchard ramets flowered in 1984, with an average of
nearly 2000 seed-cones per bearing tree. The pollen crop was similarly large,
presumably resulting in considerable competition for fertilization rights.
The female clone in this study was phenologically intermediate relative to all
other orchard clones so a significant pollen source was available.
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Table 2: Mean number of filled seed per cone (E.i S.D.) and mean proportion
of filled seed per cone fertilized by supplementally applied pollen,
as influenced by pollen dilution, number of applications and cone-
bud phenology at time of treatment

Dilutionl
Number of 100 % 50%
Applications Filled Seed SMP N4 Filled Seed SMP N4
(No.) (%) (No.) (%)
Single
Ear ly 29+9 3+6 3 22+3 15424 4
Prime 37+2 76+5 2 32+8 50427 14
Late 40+7 3213 13 39+4 35+21 4
Double - - -
Early 29+7 50+24 6 26+8 47+6 3
Prime 43+7 53+17 8 43¥13 53+9 5
Late 40+6 51+3 6 4413 33+14 13

l pollen was applied pure or diluted 1:1 with dead pollen.
2 N is the number of cones per treatment used to calculate means and standard
deviations.

Table 3: Mean seed yields and electrophoretically confirmed proportion of
filled seed fertilized by SMP, on a per cone basis. Effects of main
factors (numbers of applications, pollen dilution and cone-bud
phenology) are shown

Total Seed Filled Seed Filled Seed SMP
Factor Number Number Percent Seed (%) Nl
Application
1 54.5 a 32.5 a 59.6 a 39.1 a 30
2 58.3 a 39.7 a 68.1 a 45.9 b 41
Dilution
Pure 57.2 a 37.2 a 65.1 a 46.1 a 28
1:1 56.3 a 36.2 a 62.9 a 40.9 a 43
Phenology
Early 53.2 a 26.7 a 49.0 a 28.8 a 16
Prime 57.0 a 37.5 a 65.4 a 54.1 b 29
Late 58.4 a 41.8 b 71.1 b 38.2 a 26
Control? 39.3 18.9 48.2 10.0 37

Numbers followed by different letters (within a factor) vary significantly at
= .05.

f Number of cones analyzed.

2 A collection of 37 cones from below treatment branches, phenology unknown.
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How accurate was the electrophoretic technique in detecting success-
ful fertilizations? The results suggest it was very effective in detecting
clone 76 pollen. Genetic theory holds that 75% of the seed identified as suc-
cesses (probable + unambiguous) should be “unambiguous”. The observed value
was 74.97% (x2 = 1.01, 1 d.f.). Therefore it is unlikely the other three clo-
nes within the two orchards which possessed the appropriate three locus geno-
type contributed appreciably to the observed success rate since only "proba-
ble” seed could have been produced by them. Had these clones contributed, the
"ambiguous” value would have been considerably reduced. The probability of
detecting clones from outside the orchard with the appropriate "unambiguous™
genotype 1is vanishingly small (determined by multiplying population gene fre-
quencies of marker alleles and the probability of a pollen grain being from
outside the orchard). The most likely source of error comes from natural pol-
linations by clone 76 itself. There are a number of reasons why we believe
this situation to be rare. There were only three pollen-bearing ramets of
clone 76 in the block, the nearest being over 100 meters from the target
tree. These ramets were competing with at least 350 other pollen-bearing
ramets in the Coos Bay block (they represented less than 1% of the pollen
source). There were no unusual circumstances favoring windborne 76 pollen.
In fact, there were several other clones with large pollen crops immediately
surrounding the target tree making competition more vigorous. The fact that
10% of control seed was apparently fertilized by clone 76 pollen seems discon-
certing at first. However, these cones were picked primarily from branches 2
to 3 whorls below treated branches. SMP treatments are directed downward and
delivered pollen was observed traveling many meters. Under more controlled
conditions in a different experiment, SMP success was even observed on untrea-
ted ramets several meters distant from a target ramet.

In this study filled seed counts were about twice as high for SMP
cones as for control cones on the same tree. This roughly equates with the
electrophoretic measure of success. Although similar here, it should not be
construed that one 1s as good as the other as indicators of fertilization suc-
cess. Filled seed counts may be very misleading, especially in older orchards
with heavy pollen production. For example, filled seed are more plentiful in
late than in prime cones, but SMP success is appreciably higher in the lat-
ter. The biochemical method of detection remains the only definitive approach
and should be used before making major decisions about costly operational
practices like SMP. If allozyme analysis 1is used for SMP verification, it is
preferable that pre-selected pollen parents with appropriate markers be used.

As for SMP as an operational treatment in conifer orchards, it would
appear promising. Ultimately the decision to use SMP is an economic one,
dependent on the balance of costs (pollen collection, extraction, storage,
delivery) and benefits (improved genetic gain and seed yields). Also the lar-
ger the land base to be planted, the greater the opportunity for deployment of
what may otherwise be a marginal operation. We feel confident, based partly
on the results of this study and a more extensive study underway this year,
that SMP will someday be a part of our orchard operations.
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ABSTRACT

Family mean isozyme heterozygosity was correlated with volume and
plot-to-plot volume variability in six to ten year old full-sib progeny tests
of Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco). No evidence of hetero-
zygote superiority in growth rate or growth rate genotype x environment stabi-
lity was found. However, a small, but significant negative association bet-
ween growth rate and the presence of rare alleles was detected. All things
considered, isozyme heterozygosity does not appear to offer much promise as a
selection criterion for growth rate in Douglas-fir.

Keywords: Pseudotsuga menziesii, tree breeding, heterosis.

RESUME

L'hétérozygosité isozymatique familiale moyenne a &té& corrélée
avec le volume et la variabilité volumique interparcelles de demi-fratries de
douglas (Pseudotsuga menziesii (Mirb.) Franco) &dgées de six 3 dix ans. On n'a
trouvé aucune preuve de supériorité des hétérozygotes dans le rythme de crois-
sance ou dans la stabilité du génotype x environnement dans le taux de crois-
sance. Cependant, on a détecté une association négative minime mais signifi-
cative entre le taux de croissance et la présence d'alléles rares. Tout con-
sidéré, 1'hétérozygosité isozymatique ne semble pas offrir beaucoup de promes-
ses comme critdre de sélection pour le taux de croissance chez le douglas.

Mots-clés: Pseudotsuga menziesii, amélioration génétique des arbres, hétéro-
sis.

Because isozymes can be assayed inexpensively at early ages, their
use for selection of economically important traits is extremely attractive.
In agronomic crops there are several examples where isozymes have been succes-
sfully utilized to select for morphological and physiological traits. In
tomato, nematode resistance (Rick and Fobes, 1974), cold tolerance (Vallejos
and Tanksley, 1983), and fruit weight (Tanksley et al., 198l) have been impro-
ved through selection for specific isozymes; “in corn, isozymes have been
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employed in selection for yield and ear number (Stuber et al., 1982) and might
be useful in selection for oil content (Tsaftaris and Scandalios, 1983).

In all of the above examples, isozymes served as markers for genes
controlling the traits of interest. The isozymes were assumed to have no
direct influence on the economic trait, but specific isozyme alleles were
identified which were linked with alleles confering superior plant properties
(Soller and Beckman, 1983; Tanksley, 1983). The use of 1isozyme markers
requires strong linkage disequilibrium. For inbred plant populations (such as
those in the above examples), linkage disequilibrium is the rule. However,
for outcrossing populations, linkage disequilibrium is small and random in the
absence of joint selection (Lewontin, 1974). Hence, isozyme markers are of
little utility for indirect selection in outcrossing populations (Orton, 1983)
such as are found in most current tree breeding programs.

Isozyme heterozygosity has also been suggested as a criterion for
selection of commercially important traits, specifically in trees (Mitton et
al., 1981). This is based on Lerner's (1954) Theory of Genetic Homeostasis,
which predicts heterozygote superiority for fitness traits, such as growth
rate and fecundity, in natural environments which are subject to temporal
environmental fluctuations. Corroborative evidence includes numerous obser-
vations of heterozygote excess (including one in Douglas-fir (Shaw and Allard,
1982) and significant correlations between isozyme heterozygosity and various
fitness traits in plant and animal populations (Mitton and Grant, 1984). 1In
trees, isozyme heterozygosity has been positively correlated with growth rate
for Pinus rigida Mill. (Ledig et al., 1983), Pinus attenuata Lemm. (Strauss,
pers. comm.) and Populus tremuloides Michx. (Mitton and Grant, 1980), with
stability of growth rate in Pinus contorta Dougl. ex. Loud. (Knowles and
Mitton, 1980) and with fecundity in Pinus ponderosa Dougl. ex. Laws. (Linhart
and Mitton, 1985).

The evidence is by no means conclusive, however. Heterozygote
deficiencies have been observed as often as excesses (Brown, 1979), and the
correlations between heterozygosity and fitness traits are confounded by
inbreeding (Ledig et et., 1983) and sampling effects (Shaw and Allard, 1982)
and are inconsistant (Mitton et al., 1981).

In this paper we examine the relationship between isozyme hetero-
zygosity and (1) growth rate and (2) growth variability in coastal Douglas~-
fir. Several measures were taken to eliminate problems encountered I1n
previous studies. Inbreeding effects were removed by using full- sib crosses
between unrelated parents. Spurious linkage disequilibrium effects were mini-
mized through the use of several widely separated populations. Finally,
family means were used to minimize environmental "noise”. Under these condi-
tions, significant correlations would suggest true heterozygote advantage and
would encourage the use of isozyme heterozygosity as a criterion for selection
in yield improvement.

MATERIALS AND METHODS

The Population

The isozyme data were collected from 356 phenotypically selected
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Douglas-firs representing much of the low elevation range in western Washing-
ton and Oregon. From these parents 178 full-sib families were produced in a
bi-parental mating scheme. Parents of a cross were from the same breeding
zone, but were growing no closer than one mile apart. The progeny were reared
in containers in a greenhouse and transplanted to field sites without cul-
ling. Mortality in the nursery phase was negligible. FEach family was repre-
sented in the field by a four-tree, non-contiguous plot in each of 16 to 32
replicates, divided among two to four locations within the breeding zone of
the parents. Mortality reduced family size by a maximum of ten percent. Spa-
cing in the tests ranged from 1.22 X 1.22 to 2.44 X 2.44 m. At the time of
measurement, six to ten years from planting, all plantations had achieved
crown closure. Plantation mean heights ranged from 2.0 to 7.8 m.

Growth Variables

Two growth measures were correlated with isozyme heterozygosity:
volume and plot-to-plot volume variability. Volume was calculated for indivi-
dual trees from height and diameter according to methods developed by Kovats
(1977). Family means, standardized to mean = 0 and variance = 1 at each test
site were the volume data used in the correlations. Plot-to-plot variation
in volume was calculated for each family as the standard deviation of the
residuals after block effects were removed.

Isozyme Heterozygosity

Genotypes of the parents were determined from assays of the mega-
gametophytic tissue in ten seeds per parent. Nineteen enzyme systems and 30
loci were utilizable. Twenty one of the loci were polymorphic at the 95 per-
cent criterion.

Expected family mean heterozygosity was calculated for each locus
assuming random mating of the gametes and absence of selection. Expected
family mean heterozygosities for groups of locl were calculated as the average
of expected heterozygosity over those loci. Expected family genotype frequen-
cies were compared to actual genotype frequencies (by Chi-square) in each of
six families to test the validity of the expected heterozygosity calcula~-
tions. Actual genotype frequencies were determined from 100 embryos in each
family, however only 13 of the loci could be assayed. Embryos were employed
because of their avallability and the negligable mortality of the progeny pro-
viding volume data.

Correlations

Both of the yield variables were correlated with expected family
mean heterozygosity at individual loci, over all loci and over several sub-
groups of loci. The subgroups included (1) loci which were highly polymorphic
(frequency of the wmost common allele < 90 percent), (2) 1loci which were
slightly polymorphic (frequency of most common allele 3»90 percent), (3) loci
involved in glycolysis and the pentose shunt, (4) loci involved in nitrogen
metabolism, (5) loci selected by multiple regression, and (6) loci selected by
principal components analysis.
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RESULTS

Variation in Family Mean Volume and Expected Heterozygosity

The use of full-sib family means has the advantage of reducing
environmental "noise” in the measurement of volume, but it also reduces the
number of observations and the total genetic variation (by one-half), thus
diminishing the ability to detect significant genetic associations. 1In this
study, family means were very effective in eliminating environmental variance
and a large number of families were available. Therefore, the advantages of
family means more than compensated for the disadvantages, and genetic rela-
tionships could be determined with great precision. The genetic portion of
the variance among family means (family heritability) averaged 80 percent,
compared to 12 percent for individual trees (individual tree heritability).
The range in expected family mean heterozygosity over all 30 loci ranged from
0.18 to 0.43, and the range in family mean volume ranged from 60 to 144 per-
cent of the progeny test means.

Are Genotype Frequencies Different than Expected?

Expected family mean heterozygosities were calculated on the
assumptions that gametes united at random and viability selection was absent.
Chi-square tests indicated that for 13 1loci assayed in six families, the
actual genotype frequencies were not different from the expected frequencies
(Table 1). Only three of the 50 tests conducted showed significant deviations
from expected frequencies at the five percent level, about what is expected by
chance alone. Thus, while this is not a thorough test, the expected family
heterozygosity values appear to be valid.

Table 1. Chi-square tests for viability selection

Locus No. of tests No. of signif. tests
(alpha=0.05)

PGM 4 0
LAP2 5 0
CAT 5 0
G2D 5 0
GOT2 3 0
GOT3 3 0
IDH 3 0
6PGD 2 0
G6PD 5 0
DIA 5 1
MDH3 3 0
UGP1 3 1
UGP2 5 1
TOTAL 50 3
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Associations Between Heterozygosity and Volume Variables

Expected family mean heterozygosity over all 30 loci accounted for
less that 0.1 percent of the variation in family mean volume and no statisti-
cally significant association was detected. The relationship between volume
variability and heterozygosity was equally weak and non-significant (Table 2).

When subsets of loci were considered (Table 2), a small, but
significant, negative correlation between volume and heterozygosity at loci
with slight polymorphism was detected. Volume was not related to heterozygo-
sity at loci with high levels of polymorphism, and volume variability was not
related to heterozygosity in either subset. No associations between volume or
volume variability and groups of loci involved in glycolysis or nitrogen meta-
bolism were found, either, but average heterozygosity in the loci, CAT, GDH,
GOT2, MDH1 and UGP2, chosen by multiple regression, was positively related to
plot-to-plot variability. Relationships derived through multiple regression
must be viewed with caution until tested in other populations, however.

Table 2. Proportion of family variation in growth variables explained by
expected family mean heterozygosity over groups of loci and signs
( ) of the association. Underlined values are significant at the

0.05 level
Basis Vo lume Volume variability

All loci (-)0.001 (=)0.002
POLYMORPHISM

High levelsl (+)0.002 (+)0.000

Low levels?2 (=)0.027 (=)0.001
FUNCTION

Glycolysis3 (-)0.005 (+)0.000

Nitrogen metabolism® (-)0.003 (+)0.001

MULTIVARIATE ANALYSIS

Multiple regression (+)O.0025 (+)O.0266
Principal components -—- (-)0.005

Frequency of most common allele < 0.90.

Frequency of most common allele > 0.90.

Loci: ACOl1-2 PGI1-2 IDH, 6PGD, G6PD, FUM, and MDH1-3.
Loci: GDH, GOT1-3 FUM, MDH1-3.

Loci: ©PGM and AP.

Loci: CAT, GDH, GOT2, MDH1 and UGP2.

Loci: CAT, GOT3, IDH and UGP3.

Noupewn e
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When isozyme heterozygosity at the 30 loci was correlated indivi-
dually with volume and volume variability, only one test was significant at
the five percent level. This is fewer than expected by chance alone.

DISCUSSION

With inbreeding eliminated, spurious linkage disequilibrium mini-
mized, and environmental variation controlled, there was no evidence that
heterozygosity in any individual locus or group of loci considered conferred
superiority in growth or stability of growth. On the other hand, the presence
of rare heterozygotes in nearly monomorphic loci was related to reduced growth
rate, and average heterozygosity at five loci chosen by multiple regression
was related to increased variability in growth. The negative relationship
between rare heterozygotes and growth suggests that the rare alleles may be
deleterious.

The absence of heterozygote advantage might be related to the
youthfulness of the progeny. Shaw and Allard (1982) observed an increase in
heterozygosity between seedling and adult Douglas-firs and Ledig et al. (1983)
found that correlations between heterozygosity and growth rate increased with
age in pitch pine. However, these authors note several alternative explana-
tions for their results. Furthermore, juvenile growth rate is clearly impor-
tant to the fitness of Douglas-fir and any heterozygote advantage in growth
rate might be expected to be evident at early ages.

While it is still possible that heterozygote superiority may be
expressed at later ages, the efficacy of heterozygosity as a selection crite-
rion for growth rate or uniformity of growth rate appears to be weak. Rota-
tion ages are becoming increasingly shorter -- Weyerhaeuser's projected rota-
tion age is now 40 years -- and it is not likely that the relationship bet-
ween heterozygosity and growth will improve substantially between the tenth
and 40th years, especially since juvenile-mature correlations for volume are
reasonably good in that period (Lambeth, 1980). With the size and diversity
of the population considered in this study, this conclusion should be general
for coastal Douglas-fir, however it should not be extrapolated to other spe-
cies.
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ABSTRACT

Leaf and bud tissues from approximately 30 individuals within
each of 22 populations of Alnus crispa (Ait.) Pursh were used to characterize
the population structure of this tetraploid species. Sampling of populations
was conducted in Saguenay, Charlevoix and Québec regions of Québec province.
Sixteen structural loci were inferred from a total of 11 enzymes. Of these, 9
were found to be polymorphic in at least one population and, on the average,
42% of the loci per population were polymorphic. Assuming a diploid model,
average level of expected heterozygosity was 0,14 and average level of obser-
ved heterozygosity was 0,13, giving rise to an overall slight deficiency in
heterozygotes. Apart from chance expectations, nearly all populations were in
diploid Hardy-Weinberg equilibrium for the set of polymorphic loci surveyed.
Heterogeneity among the populations was noted for 7 loci. The mean genetic
distance was over 0,98. Overall, the among-population diversity seems to be
low compared to the within-population diversity. The band patterns and the
organization of the variability conform very well to a typical outcrosser
diploid species.

Keywords: isozyme, population structure, actinorhizal plant, alder

RESUME

La structure génétique des populations d'Alnus crispa (Ait.)
Pursh, une espé@ce tétraploide, a été &tudiée dans les régions du Saguenay, de
Charlevoix et de Québec dans la province de Québec. En moyenne, 30 individus
par population furent é&chantillonnés au seln de 22 populations. L'analyse
électrophorétique a été faite 3 partir de tissus foliaires et de bourgeons.
Seize loci structuraux ont été& investigués 3 partir de 11 systémes enzymati-
ques. De ces loci, 9 se sont montré&s polymorphiques dans au moins une popula-
tion et en moyenne, 42% des loci par population &talent polymorphiques. Basé
sur un mod&le diploIde, le niveau moyen d'hétérozygosité espéré était de 0,14
et le niveau moyen d'hétérozygosité observé &tait de 0,13, révélant ainsi une
1l8gdre déficience en hétérozygotes. La plupart des populations é&taient en
8quilibre d'Hardy-Weinberg pour 1'ensemble des loci polymorphiques &tudiés, en
supposant un mod@le diplofde. Au niveau inter-population, une hétérogénéité
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fur notée au sein de 7 loci. La distance génétique moyenne &tait supérieure 3
0,98. Dans 1l'ensemble, la diversité observée entre les populations semble fai-
ble en comparaison de la diversité observée au sein méme des populations. Les
patrons de bandes et 1l'organisation de la variabilité s'accordent généralement

trés bien avec ceux d'une espéce typiquement diploIde 3 faible autoféconda-
tion.

Mots-clés: isozyme, structure des populations, plant actinorhize, aulne.
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VARIATIONS DU PATRON DES PROTEINES AU COURS DE
L'ACCLIMATATION AU FROID D'ALNUS

M.F. Tremblay et M. Lalonde
Département des Sciences Forestié@res
Faculté de Foresterie et de G&odésie

Université Laval
Sainte~Foy, Québec

RESUME

Trois espéces d'Alnus (A. crispa (Ait.) Pursh; A. glutinosa (L.)
Gaertn.; A. rubra Bong.) ont &t& exposées d des conditions d'endurcissement au
froid. Au cours de la période d'acclimatation nous observons une augmentation
du degré de résistance au gel surtout accentuée chez 1l'aulne crispé. Parallé-
lement 3 la période d'endurcissement nous avons sulvi 1'é@volution du patrom
des protéines sur gel de polyacrylamide en présence de SDS. Les changements
observés sont essentiellement quantitatifs et 1'abondance relative de certai-
nes bandes polypeptidiques varie pendant la période d'acclimatation au froid.
Nous discuterons des variations des polypeptides en relation avec le dévelop-
pement de la tolérance au gel.

ABSTRACT

Three Alnus species (A. crispa (Ait.) Pursh; A. glutinosa (L.)
Gaertn.; A. rubra Bong.) were exposed to cold hardening conditions. During the
acclimatization period we observed an increase of the level of cold hardiness,
specially pronounced for American green alder. Concurrent with the hardening
period, we followed the evolution of the protein pattern on polyacrylamide gel
with SDS added. Changes observed were essentially quantitative and the rela-
tive abundance of certain polypeptidic bands varied during the cold acclimati-
zation perlod. We discuss polypeptid variations in relation with the growth of
frost tolerance.
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EVIDENCE FOR EXTENSIVE COMMON DOMAIN OF SPOROPHYTIC AND
GAMETOPHYTIC GENE EXPRESSION IN
POPULUS DELTOIDES MARSH., P. NIGRA L. AND P, MAXIMOWICZII HENRY

by

0.P. Rajora
Faculty of Forestry
University of Toronto
203 College Street
Toronto, Ontario, Canada M5S 1Al

ABSTRACT

Interest In gametophyte-sporophyte relations in higher plants has
been recently stimulated by the proposal that selection among haploid male
gametophytes (pollen grains) might have a positive correlated effect on the
sporophytic generation. A fundamental requirement of this selection model is
that a portion of the genes expressed in the sporophyte also be expressed in
the haploid pollen.

The objective of the present study was to further the proposal of
male gametophyte selection by determining the extent of overlap in sporophytic
and gametophytic genes and post-meiotic gene expression in Populus deltoides
Marsh., P. nigra L. and P. maximowiczii Henry.

Male gametophyte {(pollen) isozyme profiles of P. deltoides, P.
nigra and their hybrids, and of P. maximowiczii were compared with those of
the sporophyte (root tips). Fifteen enzyme systems (ACP, ACO, ADH, DIA, GDH,
GOT, G-6-PDH, IDH, LAP, MDH, PER, PGM, 6-PGD, PGI and SDH) were resolved by
starch gel electrophoresis for each species. Evidence was provided that spo-
rophyte and gametophyte in these Populus species rely on a common structural
gene repertoire. A total of 46 structural genes In P. deltoides and 45 genes
each in P. nigra and P. maximowiczii were detected in both tissues (roots and
pollen). In P. deltoides, P. nigra, and P. maximowiczii respectively 74%, 80%
and 76% of the structural genes codlng.?Br these enzymes in the sporophyte
were also found to be expressed by the gametophyte.

Five of the genes (IDH-2, MDH-4, MDH-6, 6-PGD-4 and PGI-2) coding
for dimeric enzymes found in both roots and pollen were tested for post-
meiotic expression. The data for MDH-6 was inconclusive. The other four
genes tested were found to be expressed after meiosls, apparently transcribed
and translated, in the haploid gametophyte.

The concept that selection for genes expressed in the gametophytic
stage could have a marked correlated effect on the sporophytic generation of
the Populus species studied, was thus supported.
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RESUME

L'intérét envers les relations gamétophyte-sporophyte chez les
plantes supérieures a &té récemment stimulé par 1'hypothése selon laquelle la
sélection parml les gamétophytes haplofdes miles (grains de pollen) pourrait
avoir un effet corrélatif positif sur la production de sporophytes. Une exi-
gence fondamentale de ce modéle de sélection est qu'une partie des génes
exprimés dans le sporophyte soit aussi exprimée chez le pollen haploide.

La présente &étude avait pour objet de pousser plus avant cette hy-
pothése de la sélection des gamétophytes midles en déterminant le niveau de re-
couvrement des génes sporophytiques et gamétophytiques et 1'expression post-
méTotique des génes chez Populus deltoides Marsh., P. nigra L. et P. maximo-
wiczii Henry.

Nous avons comparé les profils d'isozymes des gamétophytes miles
(le pollen) chez P. deltoides, P. nigra et leurs hybrides, de méme que P.
maximowiczii, avec ceux des sporophytes (extrémités des racines). Pour chaque
espéce, nous avons résolu, par électrophorése sur gel d'amidon, quinze systé&-
mes enzymatiques (ACP, ACO, ADH, DIA, GDH, GOT, G-6-PDH, IDH, LAP, MDH, PER,
PGM, 6-PGD, PGI et SDH). Nous avons pu mettre en &vidence que le sporophyte et
le gamétophyte de ces espé@ces de Populus dépendent d'un répertoire commun de
génes structuraux. Au total, nous avons détectd 46 génes structuraux chez P.
deltoides et 45 chez P. nigra et chez P. maximowiczii pour les deux tissus
(racines et pollen). Chez P. deltoides, P. nigra et P. maximowiczii, nous
avons trouvé, respectivement, que 74%, 80% et 76% des génes structuraux codi-
ficateurs de ces enzymes sont aussi exprimés chez le gamétophyte.

Cinq des génes codificateurs des enzymes diméres (IDH-2, MDH-4,
MDH~6, 6-PGD-4 et PGI-2) ont &té& testés pour l'expression post-méIotique. En
ce qui concerne MDH-6, les données ne sont pas concluantes. Les quatre autres
génes, apparemment transcrits et traduits dans le gamétophyte haploide, sont
exprimés aprés la méTose.

Le concept selon lequel une sélection effectuée au niveau des
génes exprimés au stage gamétophytique pourrait avoir un effet corrélatif mar-
qué sur la génération sporophytique chez les espéces de Populus, est donc con-
firmé.
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MATING SYSTEMS AND FERTILIZING POLLEN GENE POOLS OF
POPULUS DELTOIDES MARSH. AND P. NIGRA L. CLONES LOCATED IN
DIFFERENT COMPATIBLE SPECIES NEIGHBOURHOODS AS INFERRED
FROM ISOZYME ANALYSIS

0.P. Rajora

Faculty of Forestry

University of Toronto

203 College Street
Toronto, Ontario, Canada M5S 1Al

ABSTRACT

The mating systems and effective fertilizing pollen gene pools
were studied on two clones of each of Populus deltoides and P. nigra. One of
the P. deltoides clones studied was located in a small natural stand of the
same species, and the other in an arboretum with a variety of compatible Popu-
lus species and hybrids, such as P. deltoides, P. nigra, P. maximowiczii, P. x
canadensis and P. x jackii. The “two P. nigra Clones were located in an arbo-
retum of P. nigra specimens with several male clones of P. x canadensis in a
neighbourhood plantation.

The genotypes of the maternal clones and of 50 seedlings of each
open-pollinated progeny were studied by starch-gel electrophoresis of enzymes
in the root tips. Seven enzyme systems (ACO, GOT, IDH, LAP, MDH, 6-PGD and
PGI) were assayed and a total of 23 encoding loci were observed. The mating
systems and fertilizing pollen gene pools were identified from the genotypes
of maternal clones and their open pollinated progenies at all loci, with spe-
cific consideration to 9 marker allozyme loci.

The mating system of each clone varied with the allelic consti-
tuents in the effective pollen pool. The P. deltoides clone located in the
natural stand had fertilizing pollen from Telated trees of the same species.
The progeny of the other P. deltoides clone reflected pollen genes of P. del-
toides and of a variety of compatible species such as P. maximowiczii, P. bal-
samifera and P. nigra, either from trees of pure species or from hybrlds in
the arboretum. Evidence was provided that this clone was outcrossing with P.
deltoides x P. nigra hybrids and P. x jackii. P. nigra clones were outcrossing
with diverse genotypes only of this species in the arboretum. The morphology
of the seedlings was found to be concordant with the results of allozyme ana-
lysis.

The reproductive affinities of P. deltoides and P. nigra to compa-
tible species and hybrids present in the neighbourhood, seem to affect their
mating system. Allozymes were found to be an effective tool for the identifi-
cation of mating systems and pollen gene pools of Populus species.

Keywords: mating system, pollen gene pools, Populus, allozymes, gel-electro-
feywords y p fopu-us
phoresis
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RESUME

Nous avons é&tudié les systémes de crolisement et les bassins de
génes polliniques fertilisateurs de deux clones chacun de Populus deltoides et
de P. nigra. Un des clones de P. deltoides &tudié &tait situé dans un petit
peuplement naturel de cette espéce et 1l'autre, dans un arboretum, avec une
variété d'espéces et d'hybrides compatibles de Populus, tels P. deltoides, P.
nigra, P. maximowiczii, P. x canadensis et P. x jackii. Les deux clones de
P. nigra é&taient situés dans un arboretum de P. nigra, au voisinage d'une
plantation de plusieurs clones miles de P. x canadensis.

Les génotypes des clones maternels et de 50 descendances issues de
pollinisation 1libre furent &tudiés par analyse &lectrophorétique du contenu
enzymatique de leurs extrémités racinaires. Nous avons titré sept systémes
enzymatiques (ACO, GOT, IDH, LAP, MDH, 6-PGD et PGI) et avons observé 23 loci
de codage. Les systémes de croisement ainsi que les bassins géniques du pol-
len fertilisateur furent identifi&s par les génotypes maternels et filiaux de
tous les loci. Une attention particulidre a &té& portée aux 9 loci allozymati-
ques marqueurs.

Le systéme de croisement de chaque clone varie selon les consti-
tuants alléliques du bassin de pollen efficace. Le clone de P. deltoides
situé dans le peuplement naturel a regu du pollen des arbres apparentés de la
nméme espéce. La descendance de 1l'autre clone de P. deltoides refléte les
génes du pollen de 1'espéce et d'une variété d'espéces compatibles comme P.
maximowiczii, P. balsamifera et P. nigra, aussi blen d'arbres d'espéce pure
que d'hybrides présents dans 1l'arboretum. Nous avons pu démontrer que ce
clone se croise avec les hybrides P. deltoides x P. nigra et P. x jackii. Les
clones de P. nigra ne se croisdrent qu'avec divers | génotypes de la méme espéce
présents dans 1'arboretum. Nous avons constaté que la morphologie des semis
concorde avec les résultats de l1l'analyse allozymatique.

Les affinités reproductives de P. deltoides et de P. nigra avec les
espéces et hybrides compatibles présents dans le voisinage semblent affecter
leur systéme de croisement. Nous avons constaté que les allozymes sont des
outils efficaces d'identification des systémes de croisement et des bassins
géniques de pollen chez les différentes espéces de Populus.

Mots-clés: systéme de croisement, bassins de génes polliniques, Populus,
allozymes, &lectrophorése sur gel.

INTRODUCTION

The mating system of a species plays an important role in determi-
ning its genetic structure and the amount, distribution and maintenance of
genetic variation in the population from generation to generation (Clegg 1980;
Ritland 1983). Traditionally, estimates of mating systems were limited, espe-
cially in the longer lived plants due to the unavailability of sultable marker
genes. The development of the gel-electrophoresis of enzymes technique has
provided a powerful tool for such studies (Clegg 1980; Ritland 1983). Nume-
rous models have been developed for estimating mating system parameters in



136

plant populations based on allozymes (Brown et al. 1975; Cheliak et al. 1983;

summarized by Ritland 1983). In forest tree " specles, allozymes have provided
measures of the mating systems of Eucalyptus spp. (Brown et al. 1975; Phillips
and Brown 1977; Yeh et al. 1983), and of some conifer species (Rudin et al.
1974; Mitton et al. 1977; King et al. 1984; among others). These speciles are

monoecious and the mating system of most of them have been described by the
mixed mating (selfing and outcrossing) model.

Populus deltoides Marsh. and P. nigra L. are important in poplar
breeding (Zsuffa 1975). These species are dioecious having male and female
flowers on separate trees. Therefore, they are obligatory outcrossers. Howe-
ver, their females could receive fertilizing pollen from other compatible spe-
cies and hybrids if located in the neighbourhood. P. deltoides and P. nigra
females may also display pollen preference in pollen-mixture situations.
Strong competition was found among P. deltoides, P. nigra and P. maximowiczii
Henry pollen to fertilize P. deltoides ovules when studied by the pollen-
mixture technique in controlled crosses (Rajora 1985). These findings genera-
ted interest for the study of mating systems of P. deltoides and P. nigra clo-
nes in open pollinated situations.

The objective of this study was to investigate the mating systems
and fertilizing pollen gene pools of P. deltoides and P. nigra clones located
in the neighbourhood of different coﬁgétible species and hybrids as inferred
from isozyme analysis.

MATERIAL AND METHODS

Species and Clones

Two maternal clones each of P. deltoides and P. nigra were chosen
for this study.

Both P. deltoides clones were previously used in a hybridization
and interspecific pollen competition study (Rajora 1985). One of the P. del-
toides clones (Dl7*) was located in a small natural stand of the same species
at Cherry Beach, Toronto. The other P. deltoides clone (D32*) was located in
an arboretum at the Ontario Tree Improvement and Forest Biomass Institute,
Maple, Ontario (approximately 25 km north of Toronto), together with trees of
a variety of compatible Populus species and hybrids, such as P. maximowiczii
Henry, P. nigra, P. x canadensis Moench (natural P. deltoides x P. nigra
hybrids), P. deltoides x P. nigra hybrids, P. x jackii Sarg. (natural F P. bal-
samifera L. x P. deltoides hybrlds) There was also a P. deltoides male tree
located in the same arboretum, and another in a second neighbouring arboretum.

Both P. nigra clones (A and B) were located in an arboretum con-
taining mainly clones of the same species at Allandale, Ontario (approximately
100 km north of Toronto). Male clones of P. x canadensis were also present in
the neighbourhood. T

* Clones registered by this code at the Ontario Tree Improvement and Forest
Biomass Institute, Maple, Ontario.
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Gel Electrophoresis of Enzymes and Determination of Mating Systems

The genotypes of 4 maternal clones and of 50 seedlings from each
of theilr open pollinated (OP) progenies were determined by starch gel-electro-
phoresis of enzymes in the root tips. Standardized procedures of starch gel-
electrophoresis as described in Rajora (1985) were used. The following seven
enzyme systems were assayed: aconitase (ACO, E.C. No. 4.2.1.3), glutamate
oxaloacetate transaminase (GOT, E.C. No. 2.6.1.1.), isocitrate dehydrogenase
(IDH, E.C. No. 1.1.1.42), leucine amino peptidase (LAP, E.C. No. 3.4.11.1),
malate dehydrogenase (MDH, E.C. No. 1.1.1.37), 6-phosphogluconate dehydroge-
nase (6-PGD, E.C. No. 1.1.1.44) and phosphoglucose isomerase (PGI, E.C. No.
5.3.1.9).

Twigs were collected from each maternal clone and rooted as cut-
tings in Leach Tubes (polystyrene, Super Cell Containers of 164 cm3 size).
The rooting medium was Pro-mix (a mixture of 60% peat-moss, 20% perlite and
20% vermiculite). The distal one cm of actively growing root tips were col-
lected for electrophoresis.

Open pollinated seeds from each maternal clone were collected and
cleaned. The seeds were germinated in sterilized silica sand in petri
dishes. The seedlings were then transplanted into Leach Tubes containing Pro-
mix. The seedlings were grown under a 24 hour photoperiod. Root tips were
collected for electrophoresis.

A total of 23 locl coding for 7 enzymes assayed, were observed.
These loci were identified earlier in P. deltoides and P. nigra (Rajora 1985)
clones as follows: ACO (2), GOT (4), IDH (2), LAP (2 in P. deltoides, and 1
in P. nigra), MDH (5 in P. deltoides and 6 in P. nigra), 6-PGD (4 in P. del-
toides and 5 in P. nigra), and PGI (2). Main consideration was given, howe-
ver, to the following marker allozyme genes identified for P. deltoides, P.
nigra, P. maximowiczii and their interspecific hybrids (Rajora 1985): ACO- -2,

GOT-4, LAP-1, LAP-2, MDH-2, 6-PGD-2, 6-PGD-4, 6-PGD-5 and PGI-2.

Zymogram patterns of ACO, GOT, LAP, MDH, 6-PGD and PGI in root
tips of P. balsamifera and/or P. x jackii were determined in a separate study
(Rajora, “documentation on file).

Mating systems and fertilizing pollen gene pools of P. deltoides
and P. nigra clones were inferred from the genotypes of maternal clones and of

their open pollinated progenies. The results were compared with visually
observed seedling morphology (especially leaf morphology).

RESULTS AND DISCUSSION

P. deltoides

The mating system of P. deltoides clones varied with allelic cons-
tituents in the effective pollen pool. Clone D17 had fertilizing pollen from
the trees of the same species only. These results would be expected as pollen
trees of only P. deltoides were present in the effective neighbourhood. Most
of the effective pollen trees seemed to have had the same genetic constitution
as D17. This was reflected by the genotypes of the OP progenies at most of



138

the structural loci observed including 6-PGD encoding loci, as shown in Fig.
l1A. Only two variants were observed at 6-PGD-3 and at the other 21 loci all
OP seedlings of D17 had the same genotype. These results indicated that the
trees in the neighbourhood of D17 in the Cherry Beach population could be clo-
sely related. High similarity coefficients observed among four P. deltoides
clones from this population, based on their genotypes at 36 locil in an earlier
study (Rajora 1985), supported this interpretation.

The OP progenies of the other P. deltoides clone (D32), located in
the arboretum, reflected pollen genes of P. . deltoides and of a variety of com-
patible species such as P. balsamifera, P. maximowiczii and P. nigra (e.g.,
Fig. 1b), as identified by )y marker allozyme genes. Fifty percent of the proge-
nies reflected pollen genes of P. deltoides. Thirty-three percent of the pro-
genies reflected pollen genes of P. maximowiczii, P. balsamifera and/or other
balsam poplars, while 17% reflected pollen genes of P. nigra. The morphology
of the seedlings was found to be concordant with the “results of allozymes ana-
lysis.

Some of the pollen genes of P. deltoides, P. maximowiczii and P.
nigra fertilizing D32 may have come from  the male trees of these species in
the arboretum or in another arboretum. It seemed quite likely that D32 was
outcrossing with P. x canadensis, P. deltoides x P. nigra hybrids and P. x
jackii, and received pollen genes of F P, deltoides, P. balsamifera and P. nlgra
from these hybrids. This was evident from the genotypes of some OP seedlings
at 6-PGD-2, 6-PGD-4 and 6-PGD-5 (fig. 1lb). 6-PGD-2 is typical of P. nigra and
P. maximowczii and is not expressed in P. deltoides, and at 6-PGD-4 and 6-PGD-
5, P, deltoides has alleles mutually exclusive of P. nigra or P. maximowiczii
(RaJora 1985). The seedlings marked by x in Fig. T1b had pollen genes of P.
nigra at 6-PGD-4 and 6-PGD-5 but not at 6-PGD-2. This could be possible if
D32 ovules crossed with pollen produced by P. deltoides x P. nigra hybrids.
The 6-PGD-2 gene seems to be located on a chromosome or an arm of a chromosome
different from that where 6-PGD-4 and 6-PGD-5 genes are located in P. nigra.
It is possible that at the time of pollen formation of P. deltoides x P. nigra
hybrids, genetic exchange could have occurred between “chromosome pairs of P.
deltoides and P. nigra during crossing over, involving 6-PGD-2, 6~PGD~-4 and
6-PGD-5 genes. This could have resulted in some pollen grains lacking the
6-PGD-2 gene of P. nigra and having all other 6-PGD genes of both P. deltoides
and P. nigra. This would explain the observed genotypes of seedlings marked
with x in Fig. lb. These observations should be confirmed by controlled cros-
sing experiments. The results, however, clearly indicate that D32 was cros-
sing with P. deltoides x P. nigra hybrids.

P. balsamifera pollen genes in OP progenies of D32 possibly came
from the two male trees of P. x jackii in the arboretum. There was no male
tree of P. balsamifera in the neighbourhood. Thus the results suggest D32 was
crossing with P. x jackii. A similar phenomenon at 6-PGD-2, 6-PGD-4 and
6-PGD-5, as previoubly discussed for some seedlings representing P. nigra pol-
len genes, was also observed in some D32 OP seedlings representing P. balsami-
fera pollen genes (Fig. 1lb wmarked by y).
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The results further suggest that P. deltoides prefers pollen genes
of its own species. As a second choice, P. deltoides preferred P. maximowic-
zii and P. balsamifera pollen gemes over P. nigra pollen genes. “This indica-
tes P. deltoides's higher reproductive affinity to balsam poplars than to con-
sectional P. nigra. The results were in good agreement with the pollen spe-
cies preference of P. deltoides observed by Rajora (1985).

P. nigra

All the OP progenies of both P. nigra clones (A and B) reflected
pollen genes of P. nigra only. This was “evident from their isozyme patterns
of enzyme systems assayed, including those of 6-PGD as shown in Fig. lc. Both
P. nigra clones were outcrossing with different genotypes of this species in
the arboretum. The observed heterozygosity at four of the polymorphic loci
(Table 1) supported this interpretation. However, clone B had a more hetero-
zygous fertilizing pollen gene pool than clone A (Table 1).

Table 1 Observed heterozygosity at some polymorphic loci in OP
progenies of P. nigra clones

Locus Observed heterozygosity

P. nigra A x open P. nigra B x open
IDH=-2 0.031 0.087
6-PGD~4 0.342 0.422
6-PGD-5 0.404 0.434
MDH-6 0.031 0.087

There was no evidence of P. deltoides pollen genes from P. x cana-
densis males fertilizing P. nigra clones. The documented crossability rela-
tionships between P. deltoides and P. nigra indicate that P. deltoides x P.
higra crosses are very fertile (Zsuffa 1975), while the reciprocal cross has
usually been a falilure (Melchior and Seitz 1968). This could be a reason for
the lack of P. deltoides pollen genes in OP progenies of P. nigra clones.
Another reason could be the relatively low pollen cloud from more distant P. x
canadensis trees.

CONCLUSIONS

The mating system and fertilizing pollen gene pools of P. deltoi-
des and P. nigra clones depended upon the presence of different compatible
species and hybrids in the neighbourhood, and their genetic and reproductive
affinities with P. deltoides and P. nigra. Allozymes were found to be an
effective tool for studying mating systems and fertilizing gene pools.
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Fig. 1. Zymogram patterns of 6-PGD enzyme in the
open pollinated progenies of (A) P. deltoides
cl. D17, (B) P. deltoides cl. D32, and (C)
P. nigra cl. A.

DB = P. deltoides x P. balsamifera;

DD = P. deltoides x P. deltoides;

DM = P. deltoides x P. maximowiczil;

DN = P, deltoides x P. nigra.

Encoding loci are identified by numbers.
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ABSTRACT

The growth characteristics of some of the major North American
willow species, including Salix amygdaloides Anderss., S. bebbiana Sarg.,
S. discoloxr Muhl., S. eriocephala Muhl., S. exigua Nutt., S. lucida Muhl.,
S. pellita Anderss., and S. petiolaris Smith have been investigated for their
potential use in short rotation, biomass production systems. Interspecific
hybridisation has been evaluated as a breeding method for developing superior
clones and some of the crossability relationships between the above species
have been identified. Artificial hybridisation under greenhouse conditions
was carried out by synchronizing the flowering phenology of these different
species to avoid the difficulties involved in the handling and storage of wil-
low pollen. Some of the breeding problems encountered were poor rootability
in certain species, suspected apomictic seed production and hybrid inviabi-
lity.

RESUME

Les caractéristiques de croissance de quelques espéces majeures de
saule d'Amérique du Nord, y compris Salix amygdaloides Anderss., S. bebbiana
Sarg., S. discolor Muhl., S. eriocephala Muhl., S. exigua Nutt., S. lucida
Muhl., S. pellita pellita Anderss. et S. Eetiolarls Smith ont &té étudiées en vue de
leur eventuel emploi dans des systemes de production de biomasse sur de cour-
tes rotations. On a &valué l'hybridation interspécifique comme méthode de
mise au point de clones supérieurs et on a identifié certaines relations de
crolsement entre les espéces &numérées ci-dessus. On a mené& l'hybridation
artificielle dans les conditions de la serre en synchronisant la phénologie de
la floraison de ces différentes espdces de manidre 3 é&viter les difficultés
qu'impliquent la manutention et 1l'entreposage du pollen de saule. Le faible
taux de racinement de certaines espéces, la production supposée de semences
apomictiques et la non-viabilité des hybrides sont quelques-uns des problémes
de croisement rencontrés.
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INTRODUCTION

The commercial exploitation of willows (genus Salix, family Sali-
caceae) has not played a significant part in North American forestry practi-
ce. The only possible exception to this has been the harvesting of S. nigra
Marsh. stands along the lower Mississippi River Valley (Randall 1973). Salix
nigra and several closely related species, S. amygdaloides Anderss., S. caro-
liniana Michx. and S. goodingii Ball. are the major tree-form willow species
of North America but their commercial exploitation has been minimal due to
poor form, absence of larger commercially viable stands and a wood quality not
lending itself to major industrial uses, especially in the presence of the
rich diversity of more favourable hardwood species with which this continent
has been blessed. However, the advent of short rotation, intensively managed
biomass plantations 1is resulting in a reappraisal of the potential of the
genus to supply part of the world's future demand for wood fibre, energy and
chemicals.

Interest in this relatively unexplored North American resource 1is
justified on the following grounds: (1) the rapid juvenile growth and ease of
establishment of many willow species using unrooted stem cuttings, (2) their
adaptability to marginally-productive sites, (3) their extreme cold hardiness
which makes many species ideally suited to the cold temperate and subarctic
climates of Canada, (4) the potential for intensive management and mechanized
harvesting, (5) the immense genetic diversity within the genus and (6) the
unique opportunities for its manipulation through interspecific hybridisation
and selective breeding. In this paper, some recent efforts to investigate
this genetic diversity, in particular, the possibility of recombining traits
of interest from several species into a single clone through interspecific
hybridisation are discussed.

Since 1982, cooperation among Belgium, Canada, Finland, Ireland,
Sweden and the United States, within the framework of a cooperative project
(CPB-4) under the International Energy Agency's Forestry Energy Agreements,
has funded field collections of the most promising North American willow spe-
cies. The bulk of these collections have been propagated and maintained at
the Ontario Tree Improvement and Forest Biomass Institute (OTIFBI) at Maple,
Ontario, prior to redistribution to the countries participating in the pro-
ject. This has provided an opportunity to assess some aspects of our major
willow species, such as their physical properties, field performance, repro-
ductive biology, protocols for artificial hybridisation, interspecific crossa-
bility relationships, genetic variation and the characteristics of F; inter-
specific hybrids in progeny trials.

CLASSIFICATION, DISTRIBUTION AND ECOLOGY

The genus Salix consists of over 300 species worldwide, and the
majority are restricted to the northern hemisphere (Rehder 1974). Some 70
species are native to North America (Fowells 1965), although only about half
of these are suitable for exploitation in short rotation biomass plantations.
Species native to Ontario which have been used in breeding studies are identi-
fied in Table 1.
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The genus Salix has been classified into 3 major subgenera by
Skvortsov (1968) based largely on flower morphology and inferences made about
the phylogenetic history of specles: Salix, Vetrix and Chamaetia. However,
Dorn (1976) only recognizes 2 subgenera: Salix and Vetrix. The dwarf, pro-
cumbent species have been assigned to subgenus Chamaetia by Skvortsov (19638).
Only species from subgenus Salix and Vetrix are likely to be of interest for
biomass production. The subgenus Salix contains most of the taller tree-sized
willows predominating in the warmer temperate and subtropical climates. The
subgenus Vetrix contains most of the taller shrub species most commonly found
in the cool temperate zone climates. This latter group 1s believed to be
derived from the phylogenetically more primitive subgenus Salix (Dorn 1976).

Although willows are generally associated with poorly drained wet-
land habitats, species such as S. bebbianal, S. exigua, and S. humilis are
adapted to well drained sites. Most willows p;éfer mineral soills regardless
of the texture (from gravel to clay) as opposed to soils with high organic
matter contents. This large range in soll texture and moisture preferences
within the genus (and in some cases within species) may be useful in breeding
clones with either very specific site adaptations or clones with a high tole-
rance over a wide range of sites. The range of sites for which well adapted
willow species can be found includes the following: (1) permanently inundated
swamps, (2) seasonally inundated wetlands associated with floodplains, (3)
gravel and sand plains associated with riparian habitats, (4) wet upland mea-
dows, (5) impervious clay soils and (6) the moist but well drained coarse tex-
tured upland solls of the boreal forest zone.

COLLECTION AND PROPAGATION

Since 1982, much of the North American range of Salix, including
the southeast, northeast and midwest U.S.A., and eastern and northwestern
Canada, has been sampled to obtain a suitable representation of the most pro-
mising species for testing. For successful rooting, stem cuttings from bran-
ches of second and third year old wood were collected throughout the growing
season. Stem cuttings measuring about 25 cm in length and 8 to 12 mm in dia-
meter were sealed in plastic bags, and stored in styrofoam coolers with ice
for shipment. For propagation, cuttings were sectioned to 12 cm in length and
rooted in a soil medium of 2 parts sand to 1 part commercial peat mixture
(PROMIX-B).

A greenhouse environment was not required for rooting of clones
but the subsequent growth of new shoots from northern species can only be
maintained by extended photoperiods using supplemented light. When northern
species adapted to long days were outplanted at OTIFBI, many of them entered
dormancy by the end of June. The roots of clones from as far south as Florida
survived the winter of 1984/85 in field plantings and produced coppice shoots
during the 1985 growing season. However, it was not possible to assess winter
damage to above ground biomass since their stems were harvested for redistri-
bution.

LAuthorities for systematics indicated in Table 1.



145

8961 ‘snbay pue epns |

9/ epeuR) ux23sey ¥ - gqnays *ssiopuy e3T1[19d °S USUTA

8¢t ¥SN uIlsyjaoN/epeued L - qunays y3Tws stietorzad g

9L epeue)d/vsQ TeI3U8D *F L - qnays *TUnW IOTOOSTP °S

8¢ epeur) SSOIOY 9 - gnays *6aeg euetqgaq °S XTIIoA

8¢ voTa8Wy °*N Te8aod v - guays *Iynw ereydecotis °*S 2B3epPIOo)H XTA3DA

8¢ epeuRr)/¥SN SS0I0Y G - gnays *330N enb1Xe °S seT11031bUuot

9/ eoTA9WY °*N ux23seqy 9 - qniys *IynW epIonf °s I93seoItes

8¢ ¥S[n leajuads °*N Ll - 9913 *SSIOpUY SopTOTEphAWE *§ svueT3}pTOquUINH X1T®eS
(uz) Iequnpy abuey TeOTUR3OY (w) sa1oads uo1308s snusabqnsg
| Pwosowoayd 3ybrey Tensn

pue 3TgeH UCT3EDOTITSSLTD TEOTIUOUOXE],
S2TpN3s UCTI3eSTPTAGqAY TeTOoTJT3ae ul pesn so10ads XTITeS *| STgeL



146

Flower branches were collected from locally available species to
initiate a breeding program aimed at establishing the <crossability
relationships among some of the major North American species and to develop a
methodology for further breeding studies.

BREEDING STUDIES

The dormant branches of the female plants of most species root
simultaneously with the production of flowers. Branches from male plants can
be forced as potted stock or simply by placing in water. The oily nature of
willow pollen complicates its handling and storage, and it may be preferable
to synchronize the flowering so that fresh pollen is continuously available as

female flowers enter receptivity. In order to carry out such a
synchronization for 1interspecific hybridisation, a knowledge of the
phenological characteristics of the various species is important. The 8

species currently being studied at OTIFBI occur sympatrically and are not
always spatially separated in nature. Interspecific selection pressures may
have enforced partial reproductive isolation between these species through
phenological differentiation.

Considerable variation has also been found between different
species studied in the length of the receptive period of female flowers. This
period varied from a maximum of 48 hours in most clones of S. petiolaris to a
receptive period of more than 6 days in S. lucida and S. amygdaloides.
Generally, the precocious flowering species (those flowering before the onset
of vegetative growth) have reduced periods of flower receptivity in comparison
with late flowering species. Differences in the length of the receptive
period may reflect natural selection for reproductive isolation under the
pressure of interspecific pollen competition arising from the sympatric
association of so many closely related species. From a more pratical
viewpoint, the willow breeder must be aware of these differences between
species because they affect seed set results in artificial pollination
studies.

Under normal greenhouse conditions (20 to 25°C and a 16-hour
photoperiod supplemented with artificial light), seed matures within 3 to 4
weeks for all the species studied. Seed germination on moist silica sand in
petri dishes occurred over a 3 to 4 day period, and the germination rate for
all species was normally above 90 percent. Seed set per flower capsule varies
from an average low of 3 seeds per capsule in S. petiolaris to an average
above 20 seeds per capsule in S. lucida and S. exigua. Over 1500 seeds were
counted from a single catkin of 8. eriocé@hala. Within one week from
germination in petri dishes, the young germinants were transferred to larger
containers for subsequent growth under greenhouse conditions. Seedlings were
normally large enough for field planting after 3 months in a greenhouse.
Since willows have an indeterminate growth habit, they can be outplanted in
mid August and double their size by October. After one full growing season
in the field, flower branches can be collected from seedlings for artificial
pollination studies.
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Among the minor breeding problems encountered with willow, were
poor rootability and possible apomictic seed production in some species.
S. discolor and S. bebbiana were among the difficult-to-root species, and
should be rooted one year prior to any planned pollination studies. The
rooted cuttings should then be transferred to larger containers and allowed
to develop to their full extent, entering dormancy under natural conditions.
Such plants should produce flowers the following growing season.

Certain types of apomictic seed production, possibly pseudogamy,
may interfere with artificial pollination attempts, and have been suspected in
certain female clones of P. petiolaris and S. eriocephala. Seedling progeny
raised from controlled crosses with certain clones of 5. petiolaris have
resulted in arrays of female seedlings characterized by a clone-like
uniformity in terms of their growth characteristics and their morphological
and phenological traits. These families produced no male plants which 1is
unusual for dioecious species that normally produce the expected 1l:1 ratio of
male to female plants. An attempt will bhe made to verify the possible
apomictic origin of these seedlings by comparing their isoenzyme profiles with
those of their male and female parents.

The putative interspecific hybrids are presently being verified
using the techniques of numerical taxonomy and the analysis of isoenzyme
profiles. Families representing these crosses have been outplanted in
progeny tests at OTIFBI. The success of these interspecific crosses ranges
from generally very poor as in the case of most S. exigua x petiolaris or
S. exigua X eriocephala crosses which have produzéd a high proportion of
inviable seedlings, to highly successful crosses such as those made between
S. pellita x discolor and S. bebbiana x S. petiolaris. Despite the high
proportion of inviable offsprlng produced by certain crosses, a small but
significant proportion of successful individuals and sometimes exceptional
clones have been obtained from crosses which generally show a poor F
viability. In view of the disruption of well adapted gene complexes,
resulting from any kind of interspecific hybridisation, it is rather
surprising to find such hybrid vigour.

Some 1interspecific crosses which appeared most promising on
theoretical grounds have been unsuccessful. The incompatibility of certdin
interspecific crosses has been investigated using fluorescence microscopy to
evaluate the role of pollen-pistil incongruity (Hogenboom 1973) in the
prevention of successful fertilisation. Preliminary observations on
interspecific crosses between S. exigua, S. amygdaloides and S. lucida have
revealed a variety of inhibitg}y interactions including the inhibition of
pollen germination on the stigma surface, the inability of pollen tubes to
penetrate the stylar tissues and the failure of pollen tubes to develop
properly within the style, An attempt will be made to quantify these
pollen-pistil interactions through an analysis of variance.

In crosses between S. lucida and S. amygdaloides for instance,
pollen seems to develop and grow quite normally within the female tissues of
the foreign species and fertilisation apparently takes place. However, when
S. amygdaloides is used as the female parent, the zygote/embryo aborts during
embryogenesis and no mature seed is produced, although the flower capsules
themselves develop to maturity. In the reciprocal cross (S. lucida x
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amygdaloides), mature seed often develops and shows a normally high germina-
tion rate but the young germinants usually die en masse within 2 weeks follo-
wing germination. The cotyledons blacken suddéHTy as if attacked by a patho-
gen, but preliminary attempts to isolate a causal agent which can consisten~
tly be associated with this blackening have failed. Such severe instances of
incompatibility or inviability will likely be difficult to overcome.

BIOMASS IDEOTYPE

Dickmann (1975) first used the concept of plant ideotype (borro-
wed from agronomy), to describe the ideal qualities of tree species for use in
intensively managed, short-rotation biomass production systems. Among the
more important traits of the ideotype shared by most willow species from the
subgenera Salix and Vetrix, are the following: rapid juvenile growth, inde-
terminate shoot growth, upright excurrent habit, easy establishment and rege-
neration, acceptable wood properties and freedom from major pest problems.
Zsuffa and Papadopol (1984) have refined the concept of the ideotype for a
specific application to the family Salicaceae. The definition of an ideotype
is useful in setting a breeding strategy. This is especially important for
the genus Salix, where the immense genetic variation in terms of numbers of
species available for breeding and the possibilities for interspecific hybri-
disation create some unique opportunities for recombining many desirable
traits within a single clone in a relatively short period of time.

Although most of the Salix species studied within the frames of
this project approach the ideotypes defined, many of these species also have
their own particular shortfalls, whether it be (1) poor rootability, (2)
excessive numbers of shoots per coppice, (3) excessive production of lateral
branches, or (4) particular disease and pest problems. Other aspects related
to the ideotype that might be favourably altered through interspecific hybri-
disation are various site and climatic tolerances, biomass volume production
and properties affecting wood quality. The phenotypic variation found within
species suggests that many of the above characteristics may be influenced by
selective breeding within species. Intraspecific selection and breeding may
be most important in the improvement of species like S. lucida and S. erioce-
phala which most closely approach the biomass ideotype among the species cur-
rently being studied. The present discussion will focus on observations among
interspecific hybrids.

Salix discolor has one of the best upright, branchfree, copplce
forms among the willows, but is one of the few species which has poor roota-
bility. §S. pellita has a poor form but roots well. Hybrids of S. pellita x
discolor maintain many of the coppice form qualities and also show improved
rootability. Both species are tetraploids (2n=76) and all crosses between
them have produced relatively uniform, vigorous F; progeny.

Hybrids of S. eriocephala x discolor have shown much more variable
results in both growth vigour and form. These progeny generally have not been
as vigorous as crosses within S. eriocephala but some individual hybrids show
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compensatory improvement in form, as the excessively high number of shoots per
stool, characteristic of S. eriocephala, is reduced.

S. bebbiana is an extremely cold hardy species which does well
under subarctic conditions and in drier habitats but it has poor form, poor
rootability and is not exceptionally vigorous. S. petiolaris has a better
coppice form but lacks the vigour characteristic of most temperate zome wil-
lows and is adapted to very wet sites. Hybrids between these 2 species have
shown a dramatically increased vigour in their first year of growth, a much
improved form over both of the parental species, and represent one of the best
examples of hybrid vigour arising from interspecific hybridisation.

Salix exigua has a poor coppice form, diverting too much biomass
into lateral branches and root suckers but is often exceptionally vigorous and
has excellent rootability. Salix petiolaris does not root as well as it
should for the most economical establishment of biomass plantations. The
hybrid families of S. exigua x petiolaris produce high proportions of inviable
seedlings along with a few remarkably vigorous exceptions. These superior
individuals have shown good form and fast growth. S. exigua is also the only
willow species known to reproduce via root suckering. Results to date indi-
cate that this trait is not inherited by the F; interspecific hybrids in
which either S. petiolaris or S. eriocephala has been used as the male parent.

Neither S. amygdaloides (one of only 2 tree-form willows native to
Canada), nor S. lucida has been successfully crossed with any other species
being studied. Although closely related phylogenetically, all attempts to
cross these 2 species with one another have also falled due to zygote and
seedling inviability, depending on which species 1is used as the female parent.

SUMMARY

Some of the crossability relationships among the major North Ame-
rican willow species have been identified and the viability of the F; hybrids
has been evaluated. Microscopical studies on the fate of foreign pollen in
female flowers have revealed some instances of pollen-pistil incongruity, whe-
reas other crosses, such as those between S. lucida and S. amygdaloides, did
not reveal any apparent incongruity. Crosses between these 2 speciles appeared
to result in fertilisation followed either by zygote/embryo abortion or see-
dling inviability depending on which species was used as the female parent.
Crosses yielding viable seed resulted in varying degrees of developmental
inviabillity, both while under greenhouse culture and after seedlings were
field planted. Despite such problems of seedling inviability, some crosses
between S. exigua and either S. eriocephala or S. petiolaris, produced some
exceptionally vigorous progeny. Although many interspecific hybrids have
shown reduced fertility, there appeared to be enough fertility to carry out
advanced generation breeding.
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ABSTRACT

Loblolly pine (Pinus taeda L.) progenies from controlled crosses
were inoculated with different isolates of the fungal symbiont Pisolithus
tinctorius. Seedlings showed genetic variation in ectomycorrhizal develop-
ment, shoot height, and component dry weights. Fast growing progenies exhibi-
ted superior mycorrhizal colonization and a positive correlation between
infection and total dry weight. Both fungal and host genotype influence
mycorrhizal symbiosis and subsequent seedling growth.

Keywords: Pinus taeda, Pisolithus tinctorius, mycorrhizae.

RESUME

Des descendances de pin 3 1'encens (Pinus taeda L.) issues de
croisements dirigés ont &té inoculdes avec différents isolats du symbilonte
fongique Pisolithus tinctorius. Les semis ont démontré& une variation généti-
que dans leur développement ecto-mycorhizien, la hauteur de pousse et les
poids anhydres des composants. Les descendances d croissance rapide ont mon-
tré une colonisation mycorhyzienne supérieure et une corrélation positive
entre 1'infection et le polds anhydre total. Les génotypes aussi bien du
fonge que de 1'hdte influencent la symbiose mycorhizienne et la crolssance
subséquente du semis.

Mots=-cl8s: Pinus taeda, Pisolithus tinctorius, mycorhizes.
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INTRODUCTION

Researchers have examined variation in ectomycorrhizal formation
and early growth of half-sib progenies of Pinus spp. inoculated with different
fungal symbionts. Marx and Bryan (1971) observed that slash pine (Pinus elli-
ottii var. elliottii Engelm.) regulates the degree of ectomycorrhizal develop-
ment by Pisolithus tinctorius (Pers.) Coker and Couch, as well as the early
shoot growth following ectomycorrhizal colonization. Host genotype of loblol~-
ly pine (Pinus taeda L.) also influenced ectomycorrhizal formation by a sin-
gle isolate of Pisolithus tinctorius (Long, 1973). In contrast to earlier
studies, Cline and Reid (1982) observed that the benefit received by different
provenances of lodgepole pine (P. contorta var. latifolia Engelm.) and ponde-
rosa pine (P. ponderosa var. scopulorum Engelm.) following ectomycorrhizal
colonization was influenced by the amount of ectomycorrhizal infection rather
than host genotype. However, provenance genotype did indirectly affect seed-
ling growth by influencing ectomycorrhizal colonization of the root system.

Few studies have examined the role of fungal genotype in the ecto-
mycorrhizal infection process or subsequent growth response to colonization.
Laiho (1970) reported that isolates of Paxillus involutus Batsch ex Fr. differ
in their ability to form ectomycorrhizae with various tree species. Isolates
of Pisolithus tinctorius also vary widely in ability to infect and colonize
root systems of loblolly pine seedlings from open-pollinated seed sources
(Marx et al., 1982). These studies suggest that fungal genotype does influen-
ce ectomycorrhizal development and early seedling growth. However, the com-
plex relationship between host genotype and fungal genotype has not been eva-
luated.

The purpose of this study was to evaluate: 1) the ectomycorrhizal
development of three progenies of loblolly pine inoculated with three isolates
of Pisolithus tinctorius and 2) morphological characteristics of seedlings
following ectomycorrhizal colonization.

MATERTALS AND METHODS
Fungal isolates and inoculum preparation

Three isolates of Pisolithus tinctorius were used (Table 1).
These isolates represent a range of ability to infect loblolly pine and impart
a growth response. Vegetative mycelial 1inoculum for each isolate was grown
in two-liter glass jars using procedures described by Marx and Bryan (1971).
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Table 1. Sources and date of isolation of three 1solates of Pisolithus
tinctorius used to inoculate container-grown loblolly pine

Isolate no. Source and isolation date

29 Quercus - Pinus, Georgia, USA, isolated in 1959 by B. Zak
from sporocarp tissue.

145 Quercus acutissima, Kentucky, USA, isolated in 1974 by D.
Marx from sporocarp tissue.

270 Pinus taeda, Georgla, USA, isolated 1980 by D. Marx from spo-
rocarp tissue.

Seed source and seedling culture

Half-sib seed were collected from three loblolly pine selections
currently under evaluation by the Department of Forestry at Oklahoma State
University. Seed were stratified and stored using standard procedures. The
three selections were chosen based on their BV-20 value. A BV-20 value is an
estimate of a selection's breeding value, in a percent form, at age 20 (perso-
nal communication, Mr. Thomas Byram, Western Gulf Forest Tree Improvement
Cooperative, College Station, TX, USA). These values state the relative
superiority of selections more clearly than simple percent superiority values
and allow for comparison of selections across test sites. The baseline BV-20
value of the genetic test sites under evaluation is considered to be 100;
this can be viewed as the plantation average.

As can be seen from Table 2, selection 81, with a BV-20 value of
122, is considerably better than the test plantation average, and has been in-
corporated into second generation orchards. Selection 90 is slightly below
average with a BV-20 of 95, and is being maintained in first generation
orchards. Finally, selection 73, with a BV-20 of only 86, has been rogued
from the program.

Table 2. Breeding values at age 20 (BV-20) of the selections under investiga-
tion. Baseline value is 100; check selections possessed a BV-20 of

92
Selection BV~-20 Value
81 (superior) 122
90 (average) 95
73 (inferior) 86

A 1:1 sphagnum moss-vermiculite mixture, fumigated with methyl bromide
for 48 h, was the potting substrate (Dixon et al., 1984). Mycorrhizal
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treatments were implemented by mixing one part inoculum with 20 parts sterile
potting substrate. Noninoculated seedlings from each selection were grown in
sterile sphagnum moss-vermiculite. Four-cavity (500 cc capacity) rootralners
were filled with the appropriate medium and pre-germinated seed were planted
one per cavity. The rootrainers were arranged in a completely randomized
block design. Each fungal x half sib family treatment combination (4 x 3) was
replicated in five blocks. Seedlings were grown in a glasshouse for 20 weeks
from May through September, 1982. Plants were watered on alternate days and
received 75 ml of full-strength Hoagland's solution on a weekly basis.

Seedling analysis

After 20 weeks, 16 seedlings per treatment per block were harves-
ted. Root systems were visually examined for ectomycorrhizal colonization by
each test fungus. Percent ectomycorrhizal colonization was determined by me-
thods described by Dixon et al. (1984). Ovendry (80°C, 24 h) weights of
roots, shoots and needles were recorded. Shoot 1length and root collar diame-
ter of each seedling were also measured. All data were subjected to analysis
of variance and, where appropriate, differences among treatment means were
compared with the least significant difference test (LSD) (P < 0.05).

RESULTS
Ectomycorrhizal infection

All isolates tested formed ectomycorrhizae with loblolly pine
(Table 3). However, each progeny differed in their ability to form ectomycor-
rhizae with isolates of Pisolithus tinctorius. Generally, progeny 81 formed
the most ectomycorrhizae, followed by progeny 90 and 73. Control seedlings
were not contaminated with ectomycorrhizae.

Inoculation with isolate 270 resulted in abundant coralloid and
bifurcate ectomycorrhizae yellow to gold in color. The Hartig net developed
to the endodermis and mantles were 30 to 50 u thick. Approximately 50 percent
of seedling laterals were infected with P. tinctorius ectomycorrhizae 12 weeks
after inoculation with isolate 270. Sporocarps of P. tinctorius developed in
the containers of seedlings inoculated with 1isolate 270 in the eighteenth
week of the study.

Inoculation with isolate 145 resulted in significantly less ecto-
mycorrhizae than observed for isolate 270. Ectomycorrhizae of isolate 145 was
yellow in color and Hartig net and mantle development on short roots was
incomplete. When present, mantle thickness ranged from 10 to 20 u.

Significantly fewer laterals were infected with isolate 29 for all
three progenies. Ectomycorrhizae were golden brown and mantle development was
visible on only a few short roots.
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Table 3. Shoot length, root collar diameter, and percent ectomycorrhizal
laterals of three 1loblolly pine progenies inoculated with four
ectomycorrhizal fungal treatments at 20 weeks

Root Total
Shoot collar dry Ectomycorrhizal
Fungal length diameter weight laterals
Progeny isolate (cm) (cm) (g) (%)
81 control 13.2cde 4.4cd 4.1bc Oa
29 15.1ef 4.1bc 4.4bc 18b
145 14.3de 4.0b 4.0bc 51c
270 17.9f 5.3e 6.6d 8b6e
90 control 12.0bc 4.2bc 4.3be Oa
29 13.0cd 4.6d 4.4bc 23b
145 13.2cde 4.1b 5.2cd 42¢
270 14.7de 4.5cd 5.1cd 71d
73 control 9.9ab 3.2a 2.3a Oa
29 10.4ab 3.6a 3.1lab 16b
145 8.9%a 4.0b 3.4ab 45¢
270 13.4cde 4.3bed 4.4bc 56cd
Main Effects
Fungi * * * *
Progeny * * * *
Fungi x Progeny * ns ns ns

1 Means within a column not sharing a common letter differ significantly
(P < 0.05) by LSD test.

2 significantly different (P < 0.05).

Shoot length and root collar diameter

Shoot 1length and root collar diameter were greatest for progeny
81, followed by 90 and 73, respectively (Table 3). Inoculation of progeny 81
with isolate 270 stimulated a 36 percent increase in height over noninoculated
control seedlings. Generally, inoculation with isolates 29 and 145 did not
impart a height growth response in progeny 90 and 73. Root collar diameter
was significantly stimulated following inoculation of progeny 81 and 73 with
isolate 270. 1Inoculation of family 73 with isolate 270 yielded the same re-
sults as noninoculated progeny of family 81.

Total dry weight

Total dry weight of progenies 81 and 73 were significantly increa-
sed following inoculation with isolate 270 (Table 3). Inoculation with iso-
late 270 resulted in a 61 percent increase in dry weight over control seed-
lings in progeny 8l1. Significant, but smaller, increases in dry weight







































































































































