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Tree improvement work continued to center around the local black
spruce lPieea nariaha (Mill.) B.S.P.] and trials of exoti.c species and races.

BLACK SPRUCE

Seed collections for a provenance study of local black spruce was
initiated Ln L967 and a nursery experiment was sown in the spring of 1968.
Measurements of height and observations on dormancy were madl in the fa1l of1969. In general, there was a decrease in height growth with increase inlatitude of the seed source. This was especially ippar.r,t with provenances
from the Northern Peninsula which were silnificantly shorter than the others.
They also set buds up to a month earlier ihan the oth.r provenances. Thedistinct behavior of this group of provenances is thoughl to U" related to
the climate of that region which has comparatively colder rnrinters and cooler,
shorter sufi[ners.

Other work on black spruce was the sowing in the spring of L97O of
bulked seedlots of loca1 pto.rlrr"rr"es for outplantirrg e*p.rir.ri", and pro-
vision of local seed and acquisition of mainland seed for the cooperativeall-range provenance experiment being coordinated by Dr. E.K. Morgensternof PFES.

SITI(A SPRUCE

A Sitka spruce lPicea sitchensis (Bong.) Carr.] provenance experiment
was initiated in 1965, Twelve provenances, including a iocal black sprucecontrol, were established in each of seven plantations in 1969 and two planta-tions in 1970. Plantation sites were selected on the better site types in
most of the important forest growing regions of the Island. The exilrirnentaldesign was an eight-replicated randomized block with 16 trees per plot.

A combination spacing-fertiLLzer experiment using the black spruce
and two of the Sitka spruce pto.r.ttan"es was established in three locations.This project is being done in cooperation with a silviculturist.

IIHITE SPRUCE

A plantation containing 31 white spruce lPi.cea glauca (Moench) Vossl
Provenances from the Great Lakes - St. Lawrence Region iuas established, incooperation with Mr. Mark Holst of P.F.E.S., in central Newfoundland in 1963.
A measurement at age of 10 years from seed was carried out in 1968. Survival



of all provenances riras generally good. Those showing the best height growth
were from southeastern Ontarto and southwestern Quebec, i.e. Algonquin Park
and Beachburg, Ont., and Grandes Piles and Cushing, Qu6.



TREE BREEDING IN THE I4ARITIMES REGION, 1968-69

D.P. Fowler, H.G. MacGi-llivraY '
S.A.M. ManleY and J.M. Bonga
Canadian ForestrY SetD'Lce,

Forest Reseaneh Laboratorg, Fnedez'icton, N,B.

INTROIDUCTION

The objectives of the Tree Improvement and Reforestation Support
Area are as follows:
1. To provide direct support to the problem area programs of the Region. by

consuttation, by supllying geneLically improved tree materials, and by

carrying out re;earch on specific projects \^rithin defined problem areas.

2. To obtain information on the genetic variability of native and exotic
species considered to be of present or future importance in the Region.
This irrformation will be used to produce improved strains or tyPes of
trees for reforestation and will provide a basis for genetic manipulation
of existing forest stands.

3. To a.ssist the provincial governments and industries of the region to
develop ."orro*1."1ly sound methods of mass producing tree seeds and

seedlings of improved genetic quality.

During 1968 and L969, tree breeding work in the Maritime Region was

concentrated on four projects: Breeding and breeding systems of forest
trees - D.P. Fowler; Provenance and progeny testing - H.G. MacGillivray;
Genecology of red and black spruce - S.A.M. Manley; Haploid and homozygous
diploid trees - J.I'I. Bonga and D.P. Fowler.

BREEDING AND BREEDING SYSTEMS OF EOREST TREES

The objective of this project is to obtain the necessary information
and breeding materials to make possible the mass production of genetically
superior tree" for the Maritimes Region. An understanding of the natural
and potential genetic variability of native and promising exotic species is
essential if genetic improvement is to be maximized.

Because of the present importance of Pieea species and Lhe potential
importanc e of Lay"tr species for reforestation, work has been concentrated on

these genera.

Picea
pteea glauca (Moench) Voss (white spruce), P. mariana (l{i11.) B.S.P.

(black spruce)l and P. tabens Sarg. (red spruce) are sympatric over rnrch of
the region. Hybridization and introgression between red and black spruce
have been shovm to be important, fea.tures of the forests of the region
(Manley 1969). No evidence of gene exchange between white spruce and red



or black spruces has been found in the region, although whlte-black spruce
hybrids have been reported elsewhere.

To further elucidate the genetic relationship between the three
na.tive spruces and to provide material for further genecological work' a.

series of controlled pollinations were attempted. In 1968 and 1969, all
possible crosses between the three spruces were a.ttempted. The sumrnarized
results are presented in Table 1. Only a few fu1l seeds were obtalRed from
any of the interspecific white spruce crosses (morphological examlnatLon of
the seedlings will be required to determine if any hybrids were obtained).
Considera.ble tree to tree varlation in interspecific crossability was
observed in black and red spruces. On the average, red and black spruces
appear to be 25-5t/" cross-compatible. Self incompaEibility is greater than
interspecific incompatibility.

Table 1. Interspeciflc Hybridization Between Three Native
Spnrces - Average Number of Full Seeds per Cone.

Female parent

Species Trees

Male parent

P. glauca P. mariana P. twbens Sel f

P.

P.

gLauca

mani,ana

rubens

2.24

0. 07

0.05

0.01

9.3

2,5

0.01

4.0

9.8

0. 71

3.1

0.65

aOpen pollina.tion.

In 1969, all possible crosses were a.ttempted between three sets of
the follor'ring phenotypes: pure black spruce, 25% red spruce, 50% red spruce,
75"L red spruce, and pure red spruce. The results of these crosses have yet
to be analyzed.

As part of a study to determine the interspecific relationship
between the eastern Cana.dian spnrces and exotic spr:uces, a number of con-
trolled pollinations were attempted in 1968 and 1969. The summarized
results are presented in Table 2. Seed yields from these crosses were very
low and evaluation wlll be dependent on morphological examination of seed-
lings.

Larix
Due to their rapid juvenile growth, good form, high wood densl-ty,

and ease of handling in the nurseryr Larir species are of potential value
for reforestation within the region. On the basis of species trials and
provenance tests, it is evident that selected strains of Lariu Lanicina
(ou Roi) K. Koch, tr. Leptolepis (sieb. and Zuce.) Gord., and tr. deeidua



Table 2. Interspecific Hybridization Using lJhite Spruce as
Female Parent.

Male parent
Crosses
ylelding

full seed

Ful1 seeds
Per cone

Total
number of
ful1 seeds

1968

P.

P.

P.

aspetaTa

konaiensis

koyanai

omorLka

orientalis

0.20

0.01

0.08

0.01

0.01

0.01

0.09

106

1969

omori,ka

schrenkiana

4

t07

Mi11. are promlsing. That lnterspecific Larin hybrids are ofEen heterotic,
has been well document,ed, thus species hybridi.zation appears to be the most
promising approach Eo Larifi lmprovement.

The objective of the Latir improvemenL work is to determine the
magnltude and pattern of variation in tr. Larieina, and to select or deveLop
a superior strain or hybrid suitable for the Maritimes Region. Over the
past decade, a good collection of Larir species and strains has been accunnr-
lated at the Acadia Forest Experiment Statlon. Much of this material is
just beginning to produce ovul-ate flowers in the quantities reqrrired for
conErolled pollination work.

Five populations of the hybrid (Lanir Lav,ieirn x LeptoLepis) x f'.
decidua were produced in L957. At the end of the second gro.oing season,
one of these populations appears heterotic in that it is clearly superior
in height (avg 112 cm) to comparable populati.ons of the three parent species
(avg less than 100 cm for the next best population).

In 1968, all possible crosses (including self-pollinations) were
made between two selected trees of each of L. Lanieina, L. LeptoLepi,s, and
L. decidua. In additlon, the hybild I. Larieina x Leptolepis was backcrossed
to both parent species. The sunrnarized results are presented in Table 3.



Table 3. Resulrs of 1968 Controlled Pollinations with Larch.
Percentage of Fu11 Seeds.

Female parent

Male parent

L. Laticina L. LeptoLepis L. decidsta

Tree 495 Tree 119 Tree 7 Tree 10 Tree 19 Tree 27

L.

L.

L.

L.

L.

L.

L.

L.

Laricina (4SS1a

Layieina (119)

Leptolepis (7)

Leptolepi.s (10)

deei&,rc (L9)

deeidua (27)

Lawieirw x
Leptolepis (368)

Larieirw x
Leptolepis (352)

5.3

2IJ
o,2

o.2

0.8

0.5

12.5

5.4

J3.,q.b

1.1

0.0

0.0

0.0

0.7

0.0

3.8

4.9

7L.7

24.0

14.2

0.9

3.5

78.3

28.3

37.5

32.6

L0.2

6.0

28,L

2.6

2.2

L3.2

0.3

51 .3

L.4

4.5

5.r

1.5

12.2

0.5

aTree number in parentheses
bUnderllned numbers denote populations with llving seedlings at age 4 months.

Pollen from two selected I'. deci,dua trees was used in crosses with
L. Larieina, L. Leptolepie, and .t. deeidua. The results are given Ln
Table 4.

_ Although .[. Laz"Lcina can be crossed with both tr. Leptolepis and tr.
deeidtn (and often produees heterotic progenies), the very low seed yield,
as well as differences in flower phenology w111 make nass production of
hybrids difflcult. Only lf earJ-y eval-uation of individual hybrids is suc-
cessful and if cornmerciatly acceptible methods of vegetative propagation
can be developed, will it be possible to produce these hybrids ln quantity.

Pi.nus reslnosa

Three srnaLl studies of :naternal effects Ln Pinus nesinosa Ait. were
concluded tn 1969. It was concluded that maternal- effects, other than seed
size, could cause approximately 107. variation in height groruth of young red
pine seedlings. Estimates of genetic variation based on evaLuation of young
Provenance or one-parent progeny materia.ls should be reduced accordingly.



Table 4. Interspecific
L. decidua as

Hybridization
Male Parent -

of Larch Species, with
Nurrber of Cones Harvested.

Female parent MaIe parent

Species Provenances
Trees

pollinated Ttee 29 Tree 30

11

15

L,

L.

L.

L.

Lav"Lctna

LeptoLepis

decLdua

Lav,ieirn x
LeptoLepis

645

385

L23

t45

622

422

109

1_36

It 1s reconrnended that controlled pollination studies, including reciprocal
crossing should be employed in futtrre genetic evaluation of this species
(Fowler L97O).

PROVENA'{CE A'{D PROGENY TESTNG

The objective of thLs work is to determine the amount and nature of
genetic variation within populations of desirable tree specles, and to use
this variation to funprove wood production in the Maritime Region. The
objectives of the lndividuaL experlments are diverse, but each has Lts
place hrithin the overaLl objectlve. The e<periments include tests for
volume of wood produced, insect resistance, suitabil-ity for adverse sltes,
all-range variat,ion, and sultability for Christmas trees.

Picea

An all-range study of 1,100 provenances of Pieea abies (L.) Karst.
was planted in May 1968 at the Bronson Burn, near Chipman, N.B. Thls study
is being conducted in cooperation wlth Dr. Olof Langlet and Mr. Peter
Krutzsch of Stockholm, Sweden. Dr. Klaus Stern, Sctunalenbeck' Germany
assisted with the deslgn. The Bronson plantation contains 11 randornized
blocks each wlth 25 trees from each of 100 provenances for a total of
27r5OO trees. The roots of the trees were washed free of soil- in Germany
and shipped air freight to New Bnrnswick. Despite this and the considerable
handling they received in Germany and on their arrival in New Brunswick,
survl.val in August 1969 was 80%.

Two replicated trials of provenance of P. sitehensis (Bong.) Carr.
hrere established as coastal windbreaks, one in sotrthern Nova Scotia., the
other in northwestern Prince Edward Island. A thlrd replicated provenance
Lest of this species was planted at the Acadia Forest Experiment Station.
Unreplicated observation plots were established in southern Nova Scotia.



Seed collections of P. maniana were made in the Maritimes for the
all-range provenance study that is belng directed by Dr. E.K. Morgenstern,
PFES.

During L968-69, data was coLlected from provenance tests of P. abies
(partial range), P. glauca (one all-range and one partial range), and P.
vwbens (one all-range and one partial range). The data have not yet been
analyzed.

Larix
Signlficant dlfferences in average height and average basal areas '.

(10 years from seed) were fo,trnd €rmong 20 provenances of L. Leptolepis
planted at Acadia Forest Experiment Station. This strrdy also included two
Proven€mces of .L. LarLcina and three provenaflces of tr. deciduru. Trees from
the best.t. LeptoLepis provenances r^rere taller and of greater diameter at
breast height than the tr. Larieina or L. decidaa. The five best provenances
of L. Leptolepis r^rere

Vil lage Prefecture Elev
m

Avg helght
m

Avg dbh
cm

Nakawa

Tsunakoe

Kawakami

Kllanaki

Mitake

Nagano

Gurmna

Nagano

Nagano

Nagano

1920

1900

1500

l_750- 1800

1380

4,32

4,3I

4.23

4,2L

4.L9

4.8

5.5

4.7

4.7

4.8

Survival ranged from 83 - 92% for all provenances. Porcupines showed a
deflnite preference for L. decidua over .t. Leptolepis or L. Laz"Leina. In
L. Leptolepis' no correLations were established between average heights and
the seed source factors of Latitude, l-ongitude, or elevation.

Abies - (9Efi"tr"e_rr"eq)
Abies balsanea (t.) Mi1l. free of damage by the balsam galL midge

(Dasineura balsamieola LLnt.) were selected by persorurel of the Forest
Insect and Disease Survey. These selections r^rere made in areas where there
were heavy infestations of this insect. Susceptible trees were also
selected in each area, for use as controls. Both the apparentl-y resistant
and the susceptlble trees were propagated by rooting cuttings and by graft-
ing. This material will be inoculated with gall nidge to test further the
apparently resistant clones.



Attacks by the balsam gal1 midge were more intensive on,4. balsamea
than on several non-natlve Abies growing in pLantations at Acadia Forest
Experlment Station. A. homoLepis Sieb. and Zucc. appeared to be inrnune,
apparently because its buds burst and needles flushed nnrch later than
A. balsqnea, the normal host species i.n New Brunswick. The other non-
native firs, whose phenolory was closer to that of. A. baLsqnea @. gnandi.s
(Dougl.) Ltndl ., A. koreana I^Iil., A. eoneolor (Gord.) Engelm., A. fnaseri
(Pursh) Poir, and A. sibi?tca Ledeb.), also appeared to be less susceptible
to attack by the gaIl tnidge.

A replicated nursery experiment was establlshed in the spring of
1969 to determine tt A. balsailea provenances from Newfoundland produce trees
wlth superLor foliage color for Christnas trees. No tnarked differences in
foLiage color were observed during the fLrst growing season.

A repLicated test of 13 proven€urces of Pseudotsugd, menziesii (VixA,)
Franco, along wLth several Abies species (A. balsanea, A. ueitchii Lindl.,
A. saehalinensis Ylast,), and several provenances of Ptnus sgluestz"Ls L.
was planted at Acadia Forest ExperLment StatLon. Observation plots of P.
menziesii were planted by cooperating growers in the MarLtimes.

other species

Tests in coastal windbreaks involving several species and varieties
of Pinus were ptanted in two locations ln Nova Scotia and one on Prince
Edward Island. Dead and rnissing trees were replaced in two all-range tests
of P. banksiarta Lamb. at the Blackville Fire Tower and near Little Bald
Mountain. This was also done for the test of interprovenance hybrids of
P. banksiana and hybrids of this species with P. eontoz,ta var. Latifolia
S. Wats.

An all-range provenance study Ln Betufla aLteghaniensis Britt.
was established in the spring of 1968, in cooperation with Dr. K, Clausen,
Institute of Forest GeneLics, Rhinelander, WisconsLn. Some trotrble was
experienced in the spring of 1969 with white grubs that stripped the roots
of the seedlings. ,

GM{ECOLOGY OF RED AI{D BLACK SPRUCE

Red spruee is highly susceptible to defoliation by spnrce budworm
(Choristoneur.a fwniferana Clem.); black spruce ls relatively resistant.
An assessment of the hazard to defoliation by cover type is difflcult due
to the array of intermediate types between red and black spnrce. Difficul-
ties in distinguishing the two species have been attributed to extensive
hybxidlzation. Ivlorgenstern and Farrar (1964> presented convincing evidence
to show that hybridization and further introgression are corr4non where species
are s)rmpatric.

The objectives of this project are to develop satisfactory field
methods for distinguishing red, black, and intermediate spruces; to estab-
lish the frequency and distribution of natural hybridization in central



New Brunswick and elsewhere in the Maritimes; and to evaluate ecological
implications of hybridization.

A hybrid index, supplemented by quantitative measurements, was
developed from study of experimental hybrids, provenance material, and
natural stands (both pure and introgressed) and was used to identify indi-
vidual trees and stands. Differences described in the index included
needle configuration, apex shape, and color; twig ridges, bark color, and
hair type; bud color and scale tips; color of mature and iurnature cones;
cone shape, scale edges, stalk, flocibility, persistence, and location;
branch size; ma.ture bark; and crown shape.

The largest a.rea of contact for the two species in New Brunswick
proved to be the New Brunswick Lowland. The Lowland is a gently undulating
plain, characterlzed by elevated bogs and hills with just enough elevation
to support red spruce-tolerant hardwood mixtures. ConLa.ct is couunon along
the gentle slopes and is further increased by the extensive disturbance that
ha.s occurred in the area. Selection of sample a.rea.s was related to con-
figuration of landforms. Transects of plots were established along slopes
reaching from red spruce-hardwood upland to black spruce bogs or flats.
Continuous stands of "sprucettwere described r,uith a l-arge local sample.
Fifty plots were establlshed. Two transects and a local sample were studied
outside the Lowland to ascertain the effect of topography. Each site of the
50 sample plots was described in terms of:

1. Hybrid index of trees (12 trees were chosen at randqn in bogs or
tolerant hardwood sites, 24 trees at the edges of rrpurerr stands, on
intermediate slopes, or on flats).

2. Moisture regime (according to Hills. 1950).

3. Ground vegetation (percentage cover of each species on 0.l-acre plots).

4. Soil pH, soil profile, and forest cover type.

Data indicated that red and black spruces have hybridized extensively
in the New Brunswick Lowlands. Introgressed stands and hybrid swarms r^/ere
identified on all intermediate slope positions and flat plateaus. Intro-
gressi.on was two-directional but more frequently in favor of black spruce.
Parental species remained phenotypically pure in their respective ecological
niches. Logging and frequent fire, and possibly periodLc budworm damage to
red spnrce, nay be responsible for the predominance of black sprrtce. In
several areas, introgressed stands and hybrid swarms represent the most
comnon forest cover type over as much as 100 to 200 square miles. Hybridiza-
tion was confined to areas where topography does not adequately separate
red and black spnlce. Large introgressed populations were not found in the
central Highlands of New Brunswick. Field work in southern New Brunswick
and Nova Scotia indicates similar trends.

Habitat relationships indicated that hybridization is closely
correlated with site fa,ctors. Hybridized populations were found on sites

10



that had combinations of the characteristics that are assoctated with the
parental species. hlet, acid, sphagnurn-dwaf f shrub, or dry, acid, dwarf
shrub sites characterized black spnrce samples. Well-drained, moderately
high pH, herb-rich sites characterized red spruce samples. The frequency
of dwarf shrub vegetation increased with the frequency of black spruce Wpes.
In individual transects, the hybrid composition was related to moisture
regime (M.R.) and pH. Lower pH values (3.5-4.5) and dry or wet sites
(I"I.R. 2 or 5-6) were associated with black spruce. As moisture conditlons
irnproved, the proportLon of red spruce types increased. Black sPruce could
be found tn alt but herb-rich sites after fire, a situation probably depen-
dent on l-ocal forest composition and severity of the fire.

It was demonstrated that the severity of budworm damage was related
to the genotype of individuat trees. Sixty-six trees Ln a transect near
Napodogan, N.8., wefe rated for budworm damage by personnel of the FotesE
Lnsect and Disease Survey. These same trees were scored by the hybrid
ind.ex and it was found that the more closely an individual tree resembled
red spruce, the greater was the severity of budworm damage (I'lanley and
Fowler 1969).

On many intermediate sites, the species composttlon of the under-
story was observed uo differ from that of the matr.rre stand. Sapling hybrid
index scores indicated a trend towards red spruce. To determine the
successional trends, and to test the response of the parental species and

intermediates to a shade factor, all possible crosses between three repli-
cated sets of five trees intergrading from red to black sPruce Ln 25%

classes were control crossed to obtain hybrid progeny. The seedlings will
be planted in natural stands (both ptrre and introgressed) for observatlon
and measurement. The flrst crosses have been completed, and the seed is
being extracted. The experiment will be repeated this year' provided there
is adequate flowering.

The extent of hybridization in other areas of the l"laritimes is
being examined at present. Random samples were collected from spruce
populations in parts of Nova Scotia. This work will be continued. Some

line transect work over areas as large as 100 square miles is expected to
determine more accurately the frequency of hybrid tyPes.

HAPLOID AI.ID HOMOZYGOUS DIPLOID TREES

young mega- and microsporangiate strobili were collected at r,ueekly
j.ntervals in late spring and early suflrner. Megagametophytes and microsPoro-
phy1ls carrying irmnature microsporangia, were dissected aseptically and
transferred to a variety of cultrrre media.

Megaganetophytes collected between 2 weeks before and 2 weeks after
fextLLLzation grew in cultrrre. Most growth was obtained on I'lhite's medium
supplemented with casein hydrolysate and coconut milk. On this medium,

sanall calluses developed from the gametophytic tissues. Inside the game-

tophytes, layers of spindle-shaped cells were formed in various locations.

11



Abundant, callus $/as obtained in cultures of the microsporophylls.
Some of this calLus originated fron the diploid sporophyll and sporangial
tissues, and some developed from the inrnahrre microspores. Smear prepara.-
tions of samples of the calluses from the microspores showed haploid mitotic
configurations. These haploid calluses grew better on Brown and Lawrenee's
medium than on the supplemented Whiter s medium. Cultrrres of polLen matured
on the tree failed to produce callus.

The calluses derived from the irnmature microspores did not show any
differentiation, but \^rere considerably larger than tho.se from the megagarneto-
phytes.
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INTEMCTION OF GIBBERELLIC ACID AND PI-OTOPERIOD ON REPRODUCTIVE ANE

VEGETATIVE GROI,{TH OF WHITE CEDAR SEEDLINGS (THIU OCCIDENTATIS T.)

Dept. of Geosnaphy, sir J";i;"'i,777;*," tlniuersity" Montreal,
fornenLy of the Petauaua Forest Erpt. Station, Chalk Rioer, Ont.

Gibberelllc acid (GAg) has induced early flower formatLon in many
plants lncluding the western red cedar (Thuja pLieata Donn) Pharl-s and Motf
1968) and eastern white cedar (Fraser L969). lJtrereas Pharis and Morf did
not treat their seedl-lnge until they were 1 year o1d, Fraser hTas especially
interested in the dlfferential responses inherent with seedll-ng age. To
ascertain the earllest tlme of potentlal cone forrnation after the germina-
tion of seeds, freshly germinated seedlings were gror^rn under different photo-
perlods (PP) ln growth chambers at 2L"C and treated weekJ-y with an aqueous-
Tween-2O foliar spray of 100 ppn GA3.

Under 8-hr PP the seedlings grew about 5 rmn in 3 weeks and then
ceased growth (Fig. 1). The apical growth of the very young seedlings was
conrpletely inhibited by a cornbination of an 8-hr PP and GA3 treatment.
Under 16-hr PP growth continued lndeflnitely, but when GA3 was applied,
apical growth reached 10 nun in 3 weeks and then ceased. Under 24-hr PP,
growth was again continuous. When GA3 was applied to seedlings under this
PP, apieal growth continued for the first 3 weeks, then stopped for 7 weeks,
to be resumed after this time. GAg usually has an lnhibitory effect which
is accentuated during the shorter PP. The initial GA3 inhibition diminishes
after 7 weeks of contLnuous treatment under the long PP.

The inhibitory effect of GA3 is also evident when treatment is
postponed untll the seedlings are 2 months old (Fig. 2). Inhibition is
again greatest under the shorter PP. That the length of the dark period
is also critical for growth of whlte cedar was evident when growth under
6-hr Light (L) : 6-hr Dark (D) : 6-hr L : 6-hr D was compared with that
under 12-hr L : L?-hr D PP. Elongation was greater under the 6 hr regime.

The above experiments have indicated that white cedar from Petawawa
is sensitive to PP when the whole range of light and dark periods is inves-
tigated. The reaction to GA3 varies with plant species and concentration,
and this is even more distinct between sof twoods and hardrnroods (Fraser 1-958).

Cone production has been induced within 3 months of seed gerninatlon
under GA3 and long PP treatment. Both the usual two seeds per cone-scal-e
and nore prolific nultiples (3) were formed (figs. 3 and 4). Investigations
are contlnuing on the production of viable seed wlthin a reduced tlme peri-od
from seed germination. The practlcal- appl-ications are obvious both for
breeding purposes and quick seed production wlthin a limited space. The
applicatlon of foliar sprays of dlfferent sugars increases growth and food
reserves.
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Figuz,e 3. Foum month old uhite ced.ap
seedlings groun unden 24-hx' photo-
period at an ain tenrperatuve of 21" C
and treated uith a ueekly foliar
spraA of GAg. Fov'nwtion of the usual
2 seeds per. cone scale and the more
pnoli.fi.c 3 seeds pev cone seale av'e
shoun in Figtu'e 4.
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Investigations with other coniferous species, notably black spruce
(Picea nwrtann. (Mill . ) B. s.P . ), have shor^m promise. FolLar sprays wilh
indole-3 acetic acid have produced copious side branch development. This
is of Practical significance, for such seedlings wiLl provide rnore abundant
material for reproduction of new individuals by layering. The use of photo-
and thermoperiod, as described earlier by Fraser (l-969), has proven
effective in the stiunrlation of abundant cone productlon. Again a practLcal
application is indlcated by the abundant production of reproductlve buds in
a young pLantation of black spnrce in 1969, followed by their development
into healthy cones in 1970 on the Corry Lake Tree Physiol.ogy Area at PFES.
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ST.TVIVIARY REPORT ON FOREST TREE IMPROVEMENT 1968 - 1969

L. Parrot
Facultd de Fonestez,ie et de G6oMsie, Uniuersitd LauaL, Qudbec, Qu6.

HAR.DWOODS

Ju4lans nisra
A well defined pattern of genetic variation in winter hardiness

among t7 provenances of black wal-nut and an old provenance plantation with
significant resistance of the remaining trees a,fter almost a century of
growth led to the conclusion that some individuals that originated fro'n the
northern part of the natural range of black walnut can thrive in our lati-
tude when the soil is also carefully selected.

These indlviduals constitute good material for breeding and could
make possi.ble the production of genetically improved trees.

Tn 1967, some of the best genotypes were then crossed, using five
different female parents. A total of 493 nuts was produced. Nut collectLon
in the fall of L967 was followed by nursery stratification and sowing.

In 1968, a total of 329 seeds germinated and seedlings (1 - 0) were
planted in the field the following year. Survival is 9O% for this full-sib
progeny test.

Grafting of black walnut met with little success - only L27, take.

Juglans cinerea
A genecological study was initiated in 1969 with material covering

the entire natural range of the species. The preliminary data are recorded
by M.D. Robert, graduate student.

Acer saccharum

Sugar content studv. A 5-year study to evaluate the variation in
sugar content of the sap led to the conclusion that significant variatlon
although rare, exists (Parrot 1969)

Provenance studv. A provenance plantation of some 26 origins has
been established in 1969 in cooperation with the Northeastern Forest Experi-
rnent Station, Burlington, Vt., U.S.A.

CONIFERS

Picea slauca (Exp. 292-8,

In cooperation with Ministbre
Recherche, Qu6bec, and the Department

ForOts, Service de la
and Forestry, Quebec

des Terres et
of Fisheries
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Region, three plantations, involving 40 provenances were establlshed ln
different locations in western, central and eastern Qu€bec. In western
Qu6bec, the material was divided into two large plantations: the first one
being at Tr€cesson Co. of Abitibi-otrest (48'35rN); the second being at
N-D-du-Nord Co. of Abitibl-est (47'35'N) near Lac T6miscamingue.

Picea gbies (Exp. 310-4-4 and 277-D)

These two different experiments \^/ere aLso established ln the same
locations described above. The number of provenances for each experiment
is 22.

Pinus resinosa (Exp. 2I6-D)

Al1 data concerning yield, height, and phenology were taken during
1968-69 and correlated with climatic data. After elght growing seasons,
heights ranged from 84 inches (210 crn) for No. 3140 to 113 inches (286 cm)
for No. 3139. By extrapolation, a 3tr/" increase in volume at the time of
logging by planting the best provenances would be expected.

Pinus banksiana (255-A-5-I)

A11 data concerning leaf analysis of the main elements artd helght
were taken and correlated.

ACApEl4rC PROGRAU

The undergraduate course on forest genetics and tree breeding is
given each year. Five students are preparlng their thesis in this field.

Lectures at the graduate level were given last year and two graduate
students a.re working for their Masterrs degree.

REFERENCE

Parrot, L. 1969. La n6cessit6 dfun progriilEne dram€tioration de certaines
essences forestiEres feuillues: Applications aux genres Juglans et
Acer. Forest. Chron. 452386-392

22



FOREST GENETICS AND TREE IMPROVEI4ENT RESEARCH, IN OUEBEC

L. Roche
Fonestry Seruiee,
Laboratory, Ste-Foy' Que.

Canadian
Fonest ReseaY'eh

Following the estabLishment of a seed laboratory for processing
relatively large numbers of small seed lots, emphasis was directed towards
the assessment of geographic variation in Quebects ma.jor commercial species'
b1ack spruce (Pieei 

^ooi*to 
(Mill.) B.S.P., balsam flr (Abi'es balsanea (L,)

I1ill.), and yellow birch (Betula alleghaniensis Britton).

The justlfication for this approach may be stated as follows. First
there is a pressing need for the establishment of seed zones so that the
genetic potential of ea.ch seed lot used in expanding reforestation programs

Is fully-exploited. Secondly, it is assumed that it is highly desirable to
have a knowledge of genetic variation within the species before initiating
a progr€rm of selection and breeding. A further assumption is that an intro-
duced-species may show superior growth in regions for which no suitable
indLgenotrs species is available.

Seed collections have been completed, and processed for both black
spruce and yellow birch; and in the spring of 1969, 400 progenies represent-
ing a0 provenances of yellow birch were sown in six replications at the
Vatcartier research nursery. In the spring of 1970, 100 Provenances of
black spruce seed were sown in six replicat.ions in the same nursery' and

black spruce seed was forwarded Lo four collaborators. Seed collections
are not yet completed for balsam flr.

In addition to the major investigations referred to above, other
provenance trials of native and exotic species involving small numbers of
provenances were either measured or established. These included white

"pr.r". 
(Pieea glauca (lloench) Voss), red spruce (P. tubens Sarg.), Engelmann

spruce (p. engblrannii earcy), Norway spruce (P. abies (L.) Karst), jack
pir. (pinus banksiana Lamb.), Douglas-fir (Pseudotsuga menziesii (Mirb.)
I'ranco), and LanLa and Abies species. Many of these species trials have
been established with material supplied by the Petawawa Forest Experiment
Station, and there is close cooperation between this'Station and the Quebec
Laboratory in regard to Provenance investigations.

Inbreeding and intra- and inter-specific crosses have been courpleted
using diverse provenances of red and black spruce. Laboratory studies of
seed quality by X-ray and other techniques are continuing.

Genecological, breeding and seed quality investigat,ions have pro-
vided experimental material and criteria for research projects which are
now being developed within the same problem area research program. These
include propagation of spruce by cuttings and physiological studies on

seedlings of diverse black spruce provenances in controlled environments.
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The principal objective of all studies within the Tree Improvement
Problem Area Research Program in the Quebec Laboratory is to provide the
silviculturist and forest manager with information which will allow the
maxiunrm utilization of the genetic potential of the species being pLanted.
Thus the program is being developed in close cooperation r.rith representa-
tives of the Quebec Departrnent of Lands and Forests, of Industryr and of
the University of Laval.
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RAPPORT AU COIqIT€ CAMDIEN D'MELIOMTION

DS ARtsRES FORESTIERS

Gilles Va116e
Seetion de La gdndtique, Seruiee de La recherehe,
ministdre des Tenres et Eon7ts du Qudbee, qu6.

INTRODUCTION

Devant lrimportance grandissante du reboisement au Qu6bec et de la
lignlculture dans le monde en raison de la consommation croissante du bois,
le Service de la recherche du mlnlstEre des Terres et Foretg a mis en oeuvre
un "Prograrnnre g6n6ra1 pour lfam6Lloration des arbres forestlers au Qu6bec"
r6dtg6 par 1-e Dr G. Va116e (1969), donr l-a r6dacrlon 6tait terminEe en
novembre L969. Le programme fut pr6sent6, et fut par la suite accept6 par
le Comit6 de coordLnatlon du Service de la recherche et par les autorit6s du
Service de la restauration et de la Direction g6n6rale de l-a planification
au minLstEre des Terres et For6t.s. Dans ce prograorme, lfauteur expose les
princlpes g6n6raux qul devralent, Gtre observfs dans l-es projets de recherche
et drapplieatl.on en am6ltoration des arbres foresti"rs ".r 

queuec.

Le programme a 6t6 sounis E la critique de spdcialistes ou de prati-
ciens directement ou lndirectement re1i6s E ce sujet. G6n6ralernent, les
Personnes consult6es ont 6t6 enthousiasm6es par le prograrnme et y ont 6t6
favorables, et leurs remarques et suggestions constructives ont permis
drapporter des ruodlfications b6n6flqu-s.

Entre-t,emps, des dEmarches ont 6t6 faites pour la cr6ation drun
'rComit6 technique de coordination des recherches en g6n6tique forestiEre au
Qu6bec"' sur demande des chercheurs et autres personnes int6ress6es par le
sujet. La r6alisation de ce conit6 et l-racceptatlon flnale du programme
aont entre les mains du "Consell de la recherche et du d6veloppenent fores-
tiers du Qu6bec".

Pendant ces deux dernlEres ann6es, lr6quipe de l-a section de g6n6t1-
gue du Servlce de la recherche sfest appliqu6e d l-r6laboration de ltinfra-
structure et i la mise en marche des proJets de recherche conformes aux
besoins im6diats du mlnistEre des terres et ForGts et de lrindustrie fores-
tiEre.

Crest ainsl qutune p6piniEre r6pondant aux exigences de la recherche
et deux serres avec une annexe sont en voie de parachEvenent b Duchesnay,
situ6 E 25 mllles au nord-ouest de Qu6bec. le p1us, un r6seau de secteurs
exp6rimentaux a 6t6 comrenc6 dEs lt6t6 L969; il comprendra 22 stations
r6parties sur le territoire forestier du Qu6bec. Ces secteurs nous permet-
tront de regrouper Ies plantations comparatives faites au Qu6bec pour une
surveil-l-ance et un entretlen plus attentl.fs et afLn dtobtenir des informa-
tions pouvant 6tre g6n6ral_1s6es.
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Le personnel actuel de la section de g6n6tique, qui stoceupe de la
r6allsation des projets en cours, est compos6 de trois charg6s de recherehe,
MM. Claude Choulnard, A. Stipanicic et Gilles Va116e, de deux techniciens,
MM. Richard Dub6 et Borrom6e Gaulin, ainsi que dtun coop6rant technique
frangais, M. Daniel Cornu, ing6nieur agronome.

L'auteur tient b remercier tout ceux qui par leurs consei-ls et leur
confiance ltont encourag6 h oeuvrer dans le domaine de ltam6lioration des
arbres forestiers.

!
PROJET EN COURS DE REALISATION

PROGRAMME : 1

S6lectton et 6tablissement de peuplements semenciers ttplustt dans les
espEces autochtones et exotiques les plus utilis6es dans les reboisements.

Plusieurs projets dt6tablissement de peuplements semenciers sont en
voie de r6alisation. Ces travaux sont coordonn6s par des ing6nieurs du
Servlce de la restauration du Mj.ni-stEre qui veillent E faire respecter des
normes strictes dans le choix et ltam6nagement des peuplements.

PROGMMME : 2

S6lection drarbres "plus". et r6alisation de vergers b graines.

!rgj_e_t_Sg q8:f_(Z ?o_p!_ La)_x-_ S6lection de peupliers des sections Aigeinos
et Tacunahaea et leurs hvbrides.

Dans une preniEre 6tape, on a surtout r6uni en p6piniEre quelques
175 clones provenant drarbres croissant naturellement au Qu6bec et apparte-
nant aux espEces PopuLus deltoides, P. nigra et P. baLsunifera et leurs
hybrides. Au printemps L969, trois plantations comparatives ont 6tA 6ta-
b1ies, dont deux au populetum de Matane et une sur sol tourbeux b Duchesnay.
Quelque 30 clones furent utilis6s pour ces plantations, dont 10 sont des
clones exotiques connus et 20 sont des clones provenant de la va116e du
Saint-Laurent et qui sernblent les plus prometteurs parni la collectj.on faite
en 1968.

En septembre L969, une preruiEre observation sur Ies maladies des
feuilles a -et-e faite, parmi les clones r6co1t6s dans la va116e du Saint-
Laurent; 18 de ces clones semblent totalement r6sistants ou peu vuln6rab1es.
Dtautres observations seront faites en 1970 pour nous assurer de la r6sis-
tance des clones aux maladies des feuilles et aux d6formations de la pousse

*Sg 68-1 (2 Po ai ta) signifie que crest un proJet
ture (S) et de la section g6n6tique (g) commenc6
premi-er projet (1) du programrne 2 portant sur les
Aigeiros et Tacdnahaca (2 Po ai td.

de la division sylvicul-
en 1968 (68) en tant que
Populus des sections
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terminale. Tous les clones ne montrant pas une r6sistance suffisante seront
reJ et6s.

En ce qui regarde l-faptitude au bouturage, nous devons mentionner
une trEs forte variatlon dans les populatlons de Populus deltoides.

Dans le bassin de la riviEre Matane, des superflcles de terrain ont
6t6 am6nag6es pour lt6tablissement d'un populetum. Les caract6ristiques de
ce secteur exp6rimental sont donn6es aux tableaux 1 et 2. Ce populetum a
'et'e q-e1e dans le but de s6lectionner des clones et entreprendre des recher-
ches sy1-viculturales sur le peupJ-ier pour r6pondre aux besoins de I-a r6glon
of une usine de cartonnage est lnstal-16e.

Pour 1970, nous pr6voyons poursuivre la r6colte de clones au Qu6bec
en util-isant Ia mEthode de bouturage des pousses feu1L16es de lrann6e
(Koster 1968), ce qui permettra de sElectionner des suJets exempts de mala-
dies fol-l-aires. De plus, nous esp6rons f ai.re une r6col-te de l-ots de gralnes
sur des peupliers poussant naturel-l-ement ou en plantation; ces gtaines
seront ensemencEes h la p6piniEre de Duchesnay en vue de s6lection sur les
semis.

lrEiet_Sg 9g:4_(Z yo_LQ. S6lection de clones de peupliers de la section
Leuee.

Des semences de Populus alba et P. trermtla ont 6t6 sem6es au prin-
temps 1969 et ont donn6 400 plants sur lesquels sera pratiqu6e une s6lection.

Durant 1t6t6 L969, nous avons trouv6 15 plants hybrides, probablement
ent,re P. alba et P. grandidentata ou P. deltoides, dont certalns 6talent de
trEs bell-e venue avec une crolssance comparable E cell-e des plante de P.
deltoides poussant aux m6mes endroits. Mal-heureusement, les essais de bou-
turage nront pas r6ussi mals nous comptons repfendre lt6chantil-J-onnage en
1970 et utlliser la m6thode de Koster pour les bouturer.

Par lrentremise des accords de coopEration technlgue France-Qu6bec,
nous esp6rons accueillir en l-970 du personnel frangais qul travaillera i la
s6lection de clones de Populus tnenaloides, P. grandidentata et P. balsuni-
fera d. l-rintdrLeur drune r6glon de 1'est du Qu6bec.

lrgjet_Sg !9_9 (2 Lg_). Verger i graines r6a1is6 E Duchesnay sur sol tour-
6-e"x-i-parEri Eei6*rs3-o ae Pieea glauea (Moench) Voss obtenus drune
s6lection massale. Ces semis proviennent de peuplement de belle venue de la
p6piniEre de Grandes-Pi1es.

lrcjst-Sg 99-8-(2 ?gb)-. Verger i graines r6alis6 i Duchesnay et E Parke b
partir de semis 3-0 de Pi6ea abi,es (1,.) obtenus drune sElectlon massale.
Ces semis proviennent des plantations de la rEgion de Grandes-Piles, consi-
d6r6es corme une trEs bonne provenance.
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PROGRAMME : 3

Projet_Sg 68-2_(3 gpq). Introduction drespEces exotiques et cr6ation d'ar-
boreta.

Nous avons 6crit d environ 50 organisations de dlff6rents pays pour
obtenlr des semences dtespEces forestiEres pouvant pr6senter un int6r6t, -soit pour les reboisements au Qu6bec, soit comne source de gdnes. A date,
nous avons reEu les semences de 60 espEces de 300 provenances diff6rentes

Au printemps 1969, nous avons ensemenc6 25 espEces, issues de 65
provenances, d la p6ptniEre de Berthi-erville. Nous pr6voyons ensemencer 35 1

autres espEces au printemps 1970 b la p6pinidre de Duchesnay.

PROGMMME : 4

Test de provenances et de descendances.

Projet_Sg 69-5_(4 ! gb)_. Test sur 22 provenances de Pologne et 22 provenan-
ces d'Europe de Picea abi.es (L.).

Pro.jet_Sg 69=6_(4 P g). Test sur 4l- descendances de Pieea glauca (Moench)
Voss provenant surtout de la va116e de lrOutaouais.

Ces tests furent r6alis6s en collaboration avec le Dr L. Parrot et
le Dr L. Roche. Trois dispositifs ont 6t6 insta1l6s par le Dr Roche E 1a
Statlon de Valcartier tandis que nous en avons instal16 trois E. lrarboretum
de Tr6cesson, deux d celui de Guigues et trois b celui de Saint-Ignace-des-
Lacs.

Les semis 2-2 utiJ.is6s pour les plantations comparatives ont 6t6
obtenus de la Station forestiEre exp6rimentale de Petawawa i qui nous adres-
sons nos remerciements.

Les dispositifs de Tr6cesson et de Guigues seront 6tudi6s par le
Dr L. Parrot tandis que ceux de Saint-Ignace-des-Lacs seront suivis par le
Dr Gilles Va116e et lring6nieur Claude Chouinard.

lrojet_Sg 99:7_(4 Alg). Test de provenances sur Pseudotsuga menziesii
(Mirb.) Franco.

En 1969, nous avons obtenu 59 provenances de Sapin de Douglas du t
tlorking Group fon Procuz,ement of Seed fon Pz,ouenance Reseateh auquel a
adh6r6 le Service de la recherche du ministEre des Terres et Forats du Qu6bec.

Au printemps 1970, un dispositlf B blocs complets comprenant guatre
r6p6titions sera ensemenc6 b la p6piniEre de Duchesnay. Lr6tude de ce dis-
positif nous permettra d'6laborer et de planifier les tests qui seront
entrepris sur ces provenances.

lrcjet_6!-L0_(tJ_zJ?LU<L. Test de provenances et de descendances s:ur Pinus
banksiana Lamb.
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Une r6colte de semences par arbre a -et6 commenc6e E l-rautomne L969
et sera eontinu6e en 1970 et L97I.

Pour chaque provenance nous avons cholsi une vlngtaine d'arbres de
belle venue sur lesquels des c6nes et des ramets sont r6co1t6s et gardds
s6par6ment pour chaque lndLvidu. Ce test nous permettra de eonstltuer des
vergers b graines par la s6lectlon de farnille et de semis tout en fournis-
sant des lnformations sur la populati.on du Pin gris au Qu6bec. Nous remer-
cions M. J.M. Conway, ing.f., de la Consolidated-Bathurst, qui a facll-it6
une r6colte de graines dans le bassln de la riviEre Mattawin.

PROGMMME : SE

Prgiet_Sg q8:SE. R6allsation d'un r6seau de secteurs exparlmentaux pour
ltanElioratLon des arbres forestiers.

Le titulaire de ce proJet est M. Claude Chouinard. Les prlncipes
suivls pour la r6alisation de ce r6seau ont 6t6 expos6s dans le "Progratr-e
g6,n6.raL pour lram6lioration des arbres forestiersr'.

Ces secteurs sont destin6s aux 6tudes suivantes: (a) introduction
dtespEces exotlques, (b) tests de provenances et de descendances, (c) ver-
gers i graines, (d) "pool" de gEnes et (e) s6lection clonale. Les superfi-
cies de terraln r6serv6es pour les secteurs sont aussi disponibles pour les
chercheurs et pratlciens drautres organisations.

Les secteurs exp6rlmentaux seront distrlbu6s en fonetion des grands
6cosystEmes afln dtobtenl-r une repr6sentation ad6quate des diverses condl-
tions 6cologiques du Qu6bec forestier, nous permetfant ainsi de g6n6ralLser
les r6sultats obtenus. Ces secteurs seront 6tablis sur les sols les plus
repr6sentatlfs des sections forestiEres tout en tenant compte de ltutilisa-
tion future de ceux-ci.

Pour r6pondre aux objectifs fix6s, chaque secteur exp6rimental com-
prendra une superflcie drau moins 500 acres. Graduellement,, des superficies
de terrain seront pr6par6es (d6gagement du terrain et scarifiage des sols)
pour permettre lrAtabllssement de dispositifs exp6rimentaux.

On trouvera ci-joint une carte montrant la distribution des seeteurs
et deux tableaux donnant les caract6ristiques 6cologiques, climatiques et
g6ographlques des secteurs actuellement 6tablis.

nfrf,nrucn ur purucltrous

Koster, R. 1968. Outdoor propagation from leaf cuttings of Populus deltoides,
balsam poplar and hybrids. FAO, Foz CTP/L3/3.

Va116e, G. 1969. Programme g6n6ra1 pour 1-'am6lioration des arbres forestiers
au Qu6bec. Service de la recherche, Direction g6n6rale de la planifi-
cation, ministEre des Terres et For6ts, Qu6bec.

Va116e, G. 1969. La culture de l-'arbre peut, accroitre consid6rablement l-a
productlon ligneuse au Qu6bec. Papetier, f6vrier L969.
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SEED ORCMRDS AND SEED PRODUCTION AREAS IN ONTARIO

W.G. Dyer
Timber Branch,

Ontwio Departrnent of Lands and Forests, Toronto, Ont'

SEED ORCHAR.DS

There r^rere no additional seed orchard sites establLshed in the past
two-year period. A proposed seed orchard site for white and black spruce
of Site Region 4W source has been located in Pearson Township, Thunder Bay
Distrlct. Initial plantings at this location are being considered for the
spring of L97L. Seed orchards previously established were enlarged in 1969

and 1970. Table l shows the number of clones and acreage planted in the
Iast 2 years and total to date.

Table 1

L969
Planted

L970

Species
No. of

Location Clones
No. of

Acres Clones

To Date

No. of
Acres Clones Acres

White
Pine

Red
Pine

White
Spruce

White
Spruce

Black
Spruce

Black
Spruce

Lindsay
District
Orono
Nursery

Swastika
District
Grenfell
Township

L. Simcoe
District
Nursery

Thunder Bay
District
Canp 503

L. Simcoe
District
Midhurst

Thunder Bay
Dis trict
Camp 503

refil 1

refi1l

refi11

2.O

refil 1 2l

24.5

59 23.O

4.0

3l

29

15 .0

7.O

1.011

3.0

1.0

204.02L

11

15

33

T7 2.O 52 12.0



Ifhige Pine

In 1969, a small collection of cones \^ras made from the white pine
seedling seed orchard, Nepean Township, Kemptville District. The collection
yielded 26 oz containing 36,700 viable seeds. This was an open-pollinated
collection fro'rn resistant x fesistant trees which sho'trld give an estimated
20% resistance in the progeny.

Red Pine

The red pine seed orchards in Gurd Township, Parry Sound District
and Grenfell Township, Swastika DistrLct are at the flnal size at 11.0 and
23.0 acres respectively. No additional clonal seed orchards in red pine
are planned. Grafting ls confined to provision of refill stock. A small
collection from the Gurd Township seed orchard in 1969 yielded 5.1 g of
seed, 510 viable seeds. Trees are 6 years old from plantlng.

lbige and Black Spruce

Progeny testing for general combining ability began in 1969 at the
black spruce seed orchard, I"lidhurst Nursery and in 1970 at the white and
black spnrce seed orchards, Thunder Bay District. This work is being
carried out with the assistance of Miss R.M. Rauter, Tree Breeding Unit,
Research Branch, Maple. A tentative site for out-planting of the progeny
has been selected in Gurd Township, Parry Sound District.

SEED PROXI'CTION AREAS

Three seed production areas have been established and one area was enlarged
in the past 2 years as follows:

Table 2

Species Loca.tion
Site

Region Acres Development

Red
Pine

trrlhite
Spruce

Black
Spruce

Red
Spruce

Pembroke
District,
Head Twp.

Thunder Bay
Distric t,
O'Connor
Township

Kenora
District,
Satterly
Township

Tweed
District,
Ef f ingharn
Township

5E

4W

4S

enlarged
from 32 to
56 acres

L2.O

13.0

Thinning 1970

Thinned 1969
rs70

thinning 1970

Partial
thinning 1968

5E

34

15.0



Red Pine - tilillington Townshig

A collection of 49 bushels of cones from this seed production area
in 1969 yielded 883, O0O viable seeds weighing 254 oz. Thls represents 13%
of the red pine seed Ln storage for Site Region 55.

Red Plne - Lvnn Tract - Oro Township

Colleetions of 34 buehels and 151 bushels were made from this seed
production af,ea in 1968 and 1969. The latter collectlon yielded 4.8 milllon
viable seeds welghlng Lr555 oz. Thls represents 16% of the red plne seed
in storage for Slte Reglon 68.

An estLmated 140 busheLs can be collected from this area Ln 1970.
$rith a colLectable cone crop on the area for 3 years in succession, it
would appear that the annuaL anrnonium nitrate application and periodic
bnrsh controL is assistlng ln overcotning the problem of pertodicity Ln red
pine seed crops. Cultural treatments are at least tending to Level off the
wide swings from failure to healy crops. In view of the changed emphasis
from seed orchards t,o seed production areas in red pine, confLrmation of
thls trend will be of considerable benefit in the managernent of red pine
stands for seed productLon purposes.

Jack Pine - Meslund Township

A 1969 collection of 6 bushels from a hlgh qualit1l stand in the
Dryden area at the tlme of logglng yielded 2281 000 viabLe seeds weighing
27 oz.

SEED COLLECTION

In 1968 and 1969 , 81240 and 17,725 bushels of cones and rough seed,
respectively, were collected. Seed requtrements for the fall of 1970, to
maintain the necessary reserve, are for the equivalent of 231700 bushels
of cones and rough seed.

The seed Lnventory as of I June 1970 at the Ontario Tree Seed Plant
at Angus, is 2.38 btllion viable seeds of 47 species welghing 12.5 tons.
1968 was a poor crop year for most species. About half of the volume
collected was black walnuts. L969 was a poor crop for spnrce. However,
41 130 bushels of red pine were collected, the largest quantity collected in
at least the past 25 yeara. There ls etill a shortage of red pl.ne seed.
6,350 bushels are required ln 1970.
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TREE IMPROVEMENT AT THE ONTARIO TREE SEED PI.ANT

K.C. Eng
Timben Bnanch,

}ntario Depmtrnent of Lands and Fonests, Angus, ht-

GRAFTING PROGRAI',I

The grafting progran at Angus in the past three seasons is sum-
matt-zed in tables 1 and 2.

Table 1. Wtrite Spruce

No. of Clones
Survival in
Greenhotrse

Survival in
Nursery

Season

Total
No. of
Grafts New Establlshed Total %

1 year 2 year
ol ol
lo Io

67 -68

68-69

69-70

L,114

3,r27

2,L58

50

77

11

28

22

25

t2

33

25

40

96

81

90

95

92

9I

Table 2. Black Spruce

No. of Clones
Survival in
Greenhouse

Survlval in
Nursery

Total
No. of

Season Grafts New Established Total
1 year

ol
2 year

ol

67 -68

68-69

69-70

1,9L4

2,962

L,743

2I

25

2T

83

59

30

39

51

25

60

97

90

94

94

90

95

Red Pine and White Pine

In the spring of 1969, 155 red pine grafts and 42 white pine grafts
made at Midhurst nursery were transferred to and lined out at Angus. The
l-year survival was 9L% and 99%, respectively.

In the L969-70 season, 33 red pine grafts were made from three old
clones for re-filling purposes. Percent success in the greenhouse was 100.
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White_Spruce and Black Spruce

For both white and black spruce' a.ir freight was used to ship
scions to Angus whenever possible. Scions could be collected and atta.ched
to the rootstock within the sarne day. Fresh scions tend to take more suc-
cessfully.

In an attempt to improve survival in the nurseryr grafts were
planted in sided frames and covered with slat shades at the outset. The
shades were removed in early August and put back on after the first snow
fal1.

SEED PRODT]CTION AREA

Cone Collection
The red plne seed production area. at the Lynn Tract, Simcoe County

Forest, produced a light crop of cones in 1968 and a medium crop in L969.
Cones were harvested from this a,rea in both years. A11 trees (708 on 7

acres) were numbered before collection and the number of cones picked from
each tree was recorded.

In the fa1l of 1968, 34 bushels were collected from 196 trees.
Number of cones from individual trees ranged from 20 to 810.

In the fall of L969, 151 bushels were picked fuom 626 trees.
Number of cones from individual trees ranged from 10 to L,Q23.

To mechanize the picking operation, an r\Jppuprr (portable utility
platform) was tried out in both years. This unit consists of a platform
(3 x 2.5 feet) resting on a telescoping hydraulic cylinder and is powered
by a 3,000 watt portable generator. Raising and lowering the platform was
controlled by a foot switch operated by the persons on the platform. Its
maxinnrm extended height was 24 feet. The unit was mounted on a two-wheeled
trailer, towed by a tractor.

Supervised by Depa,rtment staff, inmates from the Department of
Reform Instihrtions field camp picked cones with the Uppup during the week
and high school sEudents were hired on the weekends

Due to the roughness of the ground and the 1ow crown of the trees,
the Uppup could not be moved as freely as it should be. Collecting the
cones from each tree required two or three setEings of the machine, and
took a total 0f 20 to 30 minutes.

The collection costs for the two seasons are sunrnarized in
Table 3.

In 1969 a comparison was made between collecting cones with the
Uppup and with ladders. It was fotrnd that, on a per-man basis, mer.t on the
Uppup generally picked twice as many cones as those using ladders. It was
also found that there was a difference €rmong pickers. One picker consistently
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Table 3. Collection Costs

Collection Dates
Total Volume Picked (bu)

1968
8 Sept.-7 Oct.

34

L969
18 Sept.-20 0cL.

151

Salari.es permanent
students
inmates

508. 12
186.24

$6e4.36

330. 00
144.00
26.OO
25 .00

5 .00

t, 205.84
2,442.39

$3,648.23

330. 00
r44.00

26.OO
25 .00

$s25.00

sub- total
cost per bushel

Renta1 Uppup
Generator
Trailer
Prov. ta)(
Repairs

sub- total
cost per bushel

Grand total
Total cost per bushel

$530.00

$ 15. s8

$2O.42 $24.16

$ 3.47

$27.63

$r,224.36 $4,t73,23

$ 36 .00

picked more cones than the others did. The potential of the Uppup in cone
picking was well demonstrated Ln the Lynn Tract. Two units were purchased
by the Tirnber Branch in the winter of 1969. In the Lynn Tract, in order to
direct more nutrients to the cone bearing upper cro\dn and to facilitate the
movement of cone picking machines, all Erees h/ere pruned to a helght of B

feet right after cone collection in 1969.

OBSERVATIONS OIil CONE AI.ID SEED CHARACTERISTICS

During the cone picking operations in Lynn Tract, observations
were made on the cone-tree relationships. Tree height and dbh were measured
on randomly selected trees. Twenty-fo'ur years after planting, the trees
were 20 to 39 feet tall with diameters ranging from 6 to L2.5 inches. Sizes
of cones from sample trees were measured. Their average and the percentage
of large cones were compared. Correlation coefficients were calculated from
the data. A sr.rmmary of the results and their significance are given as
Table 4.

It appears from the table that larger trees tend to produce more
cones, that trees producing more cones also produce larger cones and a higher
percentage of them.
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Table 4. Correlation Coefficients for
Relationships in L5mn Tract,

Pine Cone-tree
L969.

Some Red
1968 and

No. of Trees
Measured

Correlation
Coefficient

Relationship 19 68 L969 19 68 1969

No. of cones
tree vs dbh

No. of cones
tree vs tree

per

per
height

53

53

53

158

158

L56

o.263

0.227

0. 603**

0. 513**

0.576t'*

0. 379*'k

o.524**

No. of cones per
tree vs average
cone size

No. of cones per
tree vs % of cones
above 45 nun ln
lengEh 53

** Signlficant at LZ level.

Cone boring insects have been present in the Lynn Tract for many
years. They infested part of the cone crop to different degrees and thus
reduced seed yield. To find out the extent of damage done by these insects,
10 trees were selected randomly in each year. The cones from each sample
tree were sorted and sepa.rated into two lots - sound or infested. Each lot
hra.s measured, weighed and extracted separately. Seed germlnation was
carried out wi.th Jacobsen test. One hundred seeds from each 1ot were
stratified at 38oF for 30 days and were then germinated at 80"F under a

16-hr photoperiod. From the 6th day on, germination counts were made at
2- ot 3-day intervals. Table 5 shows the results from the averages of 10
trees.

Table 5. Comparison of Red Pine Seed Yield and Seed Quality from Sound
and Infested Cones in Lynn Tract, 1968 and 1969.

No. of
Trees

Year Sampled

Cone VJt of
" Cone % of Length 100 Cones
Quality Cones flEn kg

No. of !'It of Gerrnina-
Seed/ Seed tion
Cone mg %

1968

1969

10

10

sound
infested

sound
infested

83.6 42.3*,t
16.4 37 .6

80. 8 46 .L,k*
19.2 4r.3

Q. $ $*fc
0.70

1 .28*,k
0. 87

40. 1**
5.1

38.8*tc
9.0

93.7
90.5

85.2
83.0

6.9
7.5

8.6
8.6

"x*Dif ference signif icant at I% level.
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It is evident that most of the cones harvested were sound, and that
sound cones were usually larger and heavier than the infested ones. However,
the most significant difference between sound and i.nfested cones lies in the
average number of seeds per cone. Sound cones produced from 4 to B times
the seed produced by infested cones.

It was observed during the extraction process that although an
infested cone was deformed only on a small area, many scales on the sound
portion dld not open and the seeds below it were small and shrunken. This
seemed to indicate that the damage done to the cone extended beyond the
bori.ng path of the lnsect.

The avefage germLnation percentages of seeds from sound cones were
higher. However, the differences in both years were non-signlflcant. It
appears that as 1-ong as an embryo can go through all the developmental
stages and become a seed, it will be viable either in a sound or infested
cone.

In the 1969 pickl.ng operation, opportunity was present for an
observation on seed quality from cones collected on different dates. Five
trees were randomly selected and marked for this purpose. Five cones were
picked from e'aeh sample tree at weekly intervals. A11 cones picked in each
week were pooled for mea.surement and testing. Results are summarized in
Table 6.

Table 6. Relationship of Red Pine Seed Quality to Characteristics
of Cones Collected on Different Dates, L969

Date of
Col lec tion

Cone
Appearance

Float in
50:50 Kerosene
Linseed Oil 7.

Average Germination
spgr %

26 Aug.

2 Sept.

9 Sept.

Sept.

Sept.

Sept.

Oct.

Oct.

green

green with
purple-tipped
scale

purplish, scale
tips brown

deep purple

dark purple

brown

brown

light brornm
some scales open

0

1.07

1 .02

o.97

0.89

0. 83

0. 80

o.76

0. 66

40.0

82.0

92.5

89.5

90.0

92.O

91.5

74.O

I6

23

30

L2

56

72

96

100
I4
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According to the results, the period between 2 Sept. and 7 Oct,
seemed to be the optimal time to collect red pine cones Ln Lynn Tract.
Before the last week of August the cones had not ripened. After 14 Oct,
the seeds started to lose their viability.

SEED ORCHARD

SgeEenx-Igg!
In the fall of 1967 open-pollinated cones were collected from 20

clones of the timber-type Scotch pine seed orchard u-ear Midhurst nursery
and from 14 clones of rhe Faulkner series Scotch pine at Angus nursery. The
cones were extracted according to clones and the seeds were stored separ-
ately. Seeds from the 34 clones were sown as €ur unreplicated l-parent
progeny test in I'Iidhurst nursery in October 1968. Germination cotrnts and
subsequent observations were made by establishing random plots wlthin the
clones. The gerrnination percentages tallied in the sprlng of 1969 of the
timber-type clones ranged fuorn 47.1 to 99% wLth an average of 69.2%, Those
of the Faulkner clones ranged from 17.4 to 84% with an average of 54.3%,
The beds were thinned to about 40 seedlings per square foot in the fall of
L969. The over-winter survival from all clones was over 95%. In the spring
of 1970 first-year heights were obtained by measuring 10 randomly selected
seedlings in each plot. The average height among the clones in the timber-
type series ranged from 3.60 cm to 6.81 cm. The c1ona1 average in the
Faulkner series ranged from 5.02 cm to 6.88 cm. There was a definite dif-
ference in foliage color between the two series. A blue tinge appea.red on
the Faulkner series which indicated possible Christmas tree quality in
addition to their fast growth.

OBSERVATIONS ON REPRODUCTIVE PHENOLOGY

During the springs of 1969 and L97O, reproductive phenology in the
Site Region 3E whlte and black spruce seed orchard in Vespra Tovmship was
followed by regular observations. Male and female flowers produced by each
tree were counted and recorded. Results showed that, on both species,
certain clones \^/ere particularly fertile with many ramets producing female
flowers in both years. It was also found that many grafts start to produce
male flowers. Sununaries of the dates on which different stages were
observed in the Lwo seasons are given in Table 7.
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A NEY'I LOOK AT THE WHITE PINE WEEVIL'

C. Heimburger
B0 Haddington ADe.,
Tononto 1-2, Ont.

A 3-acre plantation of Pinus strobus was estabLished in l-957 and
field-grafted in 1961, L962 and 1963, in 3 series, with 2320 scions of 51
clones of P. stpobus arrd related species and hybrids, previously found
resistant to Crottaytiun ribi,eoLa. Observations on weevil (Pissodes strobi)
attack were made in 1963 to 1967, including annual determination of leader
size, as a basis for weevll attack during the following year. The grafts
were maintalned in a one-leader condition by pruning, with an average over-
all frequency of weevil attack of L7 per cent. Screening for weevll re-
slstance, based on combl-ned frequency of attack and recovery from attack,
resulted in the selectlon of 9 clones of P. stnobus and one clone of P.
peuee. The results were interpreted with Painterfs three general resistance
mechanl-sms - tolerance, non-preference and antibiosis - applied to these
materials as a worklng hypothesis. It was concluded that old-field white
pine is tolerant to the weevil and its present abundance ls one of the long-
term ecological consequences of a land use favorable to the establishrnent
and maintenance of open-gror,m stands. Exaurples of the non-preference and
antibiosis reaction types were found in the more advanced stages of suc-
cession frorn open-grohrn to closed stands. Some guidelines are presented to
breeding for weevil resistance, in the work cited in the footnote, as in
the long run being more important than breeding for resistance to weevil
attack. At present, clones combining the non-preference and antlbiosis re-
actions are the most desirable for use ln eastern Canada. Under more ad-
vanced silvicultural conditions, the use of the antibiosis tYpe, more oPen
to attack, but with high recovery rates from largely unsuccessf,ul attacks,
could result in a more or less self-regulating weevil resistance situation.
Several exotic species and hybrids showed poor survival after grafting and
poor r,reevll resistance, possibly because of poor adaptation.

lsummary of the papen entitled I'scneening of Haplorylon Pines fon Resistance
to the White Pine Weevil- (Pissodes strobi Peck). lI. Frlrthen Observations
on the Resistance of Pinus sty,obus L. and Related Species and Hybnidsrr by
C.C. Heimbunger and C.R. Sul-Iivan, l-970. Based on the nesults of expeni-
ments established by the Ontario Depantment of Iands and Forests, at
Thessal-on, Ontanio and evaluated in coopenation with Du. C.R. Sullivan,
Department of Fisheries and Fonestry, Ontanio Region, Sault Ste. Manie,
Ontanio.
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SPRI.JCE BREEDING AT THE

SOTJTTIERN RESEARCH STATION, MPLE, ONIARIO

R. Idarie Rauter
Reseateh Bnanch,

Ontario Department of Iands and Forests
Maple, 2nt.

The spruce program has two broad objectives, both designed to
produce genetically improved trees for Ontario. The first objective is
aimed at improving the spruce species through breeding, hybridization, and
selection in order to produce hybrid material which w111 exhibit superior
characteristics such as fdster growth, better form, improved wood quality,
and resistance to pests. The second is the development of clonal materlal
on it fs orm root system by means of vegetative propagatlon of cuttings so
that each promising variety can be properly evaluated and the superlor
material qulckly propagated.

ACQUISITIONS

The following material was acquired in the form of scions:

Species Origin No. of
Clones

No. Successful
Grafts

sitehensis
smithiarn
rrari,arn

. tlmdvLann x ?uDena

abies

obouata

gLehnii
mariana

matiana

Coastal B.C.

Brett Pinetum, Conn.

Calgary, Alta.
Fredericton, N.B.

Finland
Flnland

Finland

Geraldton, Ont.

Kapuskasing, Ont.

1

2

10

10

20

1

I
16

5

8

13

104

92

195

8

1_

L23
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The following material was acquired in the form of seed:

Species Origin

P. abies l{ellington County, Ont. 1 54
open pollinated

P. glauca Southern Research Station, 1 18
Maple
open pollinated

P. kogamai, l,linchester, England 4 LZz
open pollinated

P. mariana Sr. lJilliams, onr. 1 34
open pollinated

P. pungens Southern Research Station, I 31
Maple
open pollinated

P. schnenki,ana Winchester, England 4 80
open pollinated

P. nwniana Northern Ontario 30 several
open pollinated hundred

SELECTION

The following material was selected, regrafted, and (or) used in
hvbr idization:

Species Locality

No. of No. of
Populations Seedlings

No. of Trees

P. abies

P. aspenata

P. sitehensis x glauea

P. z'ubens

Midhurst, Ont.

Maple, Ont.

Petawawa, Ont.

Maple, Ont.

I
11

9

49

48



HYBRIDIZATION

The follor^ring crosses hrere made in 1968 and 1969:

Parentage

No. of
Fema1e Clones No'

(= No. of
(crosses) uones

Total
No.

Seed

No.
of

Seedlings*

No.
Fu11
Seed

1968

P. abies x glauca

P. abies x mayiarla,

P. abies x yubens

P. asperata x glauca

P. asperata x nnriana

P. jezoensis x glauca

P. jezoensis x ma.riana

P. seVmenkiarm x rubens

P. (sitehensi,s x glauea)
x abies

L969

P. glauea x abies

P. glauea x sitehensis

P. glauea x jezoensis

P. glauea x mayiana

P. glauea x aspenata

P. gLauea x sehnenkiavn

P. jezoensis x gTnuea

P. koyunai x omorikn

3

3

3

I

1

I

1

2

1

4

4

4

4

4

5

1

1

to be

23

9

L9

6

1

19

L6

2

0

138

141

139

293

70

115

11

I

verified.

49

4L54

1588

3087

828

197

1030

856

37L

0

L2L4O

8453

7884

11536

29LI

4803

7rT

!67

0

0

0

0

0

3

0

0

0

0

0

0

0

0

0

0

0

0

11

2898 L964

434 262

10

10

53

41 33

00

*Authenticity of hybrids yet



APOMICTIC PROPAGATION

Apomictic propagation r^ras started i-n an attempt to produce clonal
materlal by means of rooted cuttings. The purpose of this study was to
determine the vari.ation in rooting ability between and within species.
Si-nce August 1967 , several series of experiments have been establlshed,
many with very encouraging results.

Experiments rdere started in the spring of 1968, summer 1968, winter
L968/69, spring L969, and wi.nter 1969/70. Species whlch have been used in
these trials are P. glauea, P. mariann, P. schrenkiana, P. glehnii, P,
koyanai, P. abies, P. omoy,ika,, and P. sehrenkiana x gl,auca, Unconfirmed
hybrids obtalned from lJilliamstown, Mass. this past winter lnclude P. glauea
x iezoensis, P. gT,auca x engelmannii, P. jezoensis x glauea, P. omonika x
koyamai, P. omoriT<n x orientalis.

To date high rooting percentages have been obtatned ln urany of these
species of spruce, but greater variation seems to occur within a specles
than between species. Large differences occur even with progeny orlginating
from the same population. Although material used has been from 1- to 16-
year-old stock, efforts have been concentrated on the younger stock in an
attenPt to find the best means to vegetativel-y propagate the tnost promLsing
hybrids for clona1 testing.

Initiall-y the cuttings r4rere placed in beds of coarse sand and
covered with a tent of alumlnum painted plastic. The cuttLngs were manually
watered at frequent lntervals. tr{ith each succeeding set of experiments,
methods were modifled so that presently flats containing 20O cuttings in
plastic tubes are placed in a mlsting chamber. An outdoor chamber was
erected ln the nursery for the spring and sunner experiments, an indoor
chamber in the greenhouse for the winter experiments.

In the summer of 1968, cuttings of P. ma?iana were used to compare
age differences and IM treatments. Three-year-old material- averaged 552
rooting, whereas 15-year-old material averaged, 72. Hlgh concentrations of
IAA (200 ppm) were detrimental to rooting, although lower concentrations
had little effect. In another experiment involving 3-year-old materl-al of
P. glauea, P. seLu,enkiana, P. glehnii, and P. koyamai, the rooting percent-
ages varled from 962 for P. gTnuea to 76% for P. koyanai.

In the winter of. L968169, cuttings taken from the same P. nwriana
trees as r{tere used in the summer experiment demonstrated quite different
results in rooting. No IM treatment was used ln this serles. The average
of the 3-year-old rnaterial dropped to 287", the l5-year-old rnaterial- to 67".

Experiments established in the surmner of. L969 again showed P. glauea
and P. selwenkiarw, to consistently produce a high percentage of rooted cut-
tlngs. Five-year-old stock of P. napiarn from 18 populations averaged 447"
rooted. Some of these clones had 07" rooted, whereas others had 957" rooted.
No population trend was evident, only that tree-to-tree variation for this
species is extreme with respect to rooting abillty.
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The rooted cuttings will be kept and observed for 3 years to deter-
mine growth habits such as bud break, topophysis, growth rate, and lateral
shoot development.

DISCUSSION

Since the spruce program was established in 1964, the work has
branched lnto several important fields in attempts to improve the spruce
species. Previously interspecific breeding was done malnly on an explora-
tory level, to determine the crossability patterns of this genus. Now,
more emphasis is belng placed on interspecific breeding of known combina-
ti-ons to improve silvicultural characteristics and to extend the range of
the native species.

Although the results for the vegetative propagation of spruce are
encouraging, much work has yet to be done. It will be useful to determine
the rooting capabllities of the various species and their hybrids, the
differences in rooting of individual-s of different age classes, and the
variatlons in tooting ability within the same population. If a particular
method can be established and a selection for rooting accornpllshed then it
will provide possibilities for clonal testlng of the hybrids and provide
good clones for the field faster and cheaper.

In the cooperative work with our Tirnber Branch, through plus tree
selection and seedling seed orchard establishment, variation and herita-
bility studies will be rnade and superior material for breeding work will
be acquired.
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SI,TVIIVIARY REPORT ON POPIAR AND

PINE BREEDING IN 1968 AND 1969

L. Zufa
Researeh Braneh,

Ontario Depattrnent of Land.s and Forests
Maple, 2nt.

The objectives of the aspen, cottoff^rood, white pine and hard pine
breeding programse and the work accomplLshed in 1968 and 1969 are described
in this report.

ASPEN

The improvement of native aspens and the development of hybrid aspen
clones and varietles of superior growth, good form and desired wood quality,
resistant to pests and suitable for the future needs of aspen timber pro-
duction under varying conditions in Ontario are the objectives of this
program.

The following rnethods are being used: (i) population studies; (ii)
selection in native populations; (iii) acquisition of gene pools of exotics
and development of breeding arboreta; (iv) interspecific crosses; (v) poly-
ploidy inducti-on; (vi) progeny testing and heritabiJ-ity studies; (vii)
vegetative propagati-on; and (viii) f ield testing.

In 1968 and 1969 the work concentrated on: (i) selection of superior
trees in the plantations of hybrids and in native stands' (ii) production
of P. tv'erm,r.Loides x tnenula and P. ty,erm,Lloides x sieboldii F1 hybrid genera-
tions with desired characteristics for central and northern Ontariofs con-
ditions; (ili) multiple crosses of unrelated hybrid parents to produce
heterogeneous populations with out.standing individuals which could be used
for the development of superior clonal varieties for southern and central
ontariors conditions; (iv) Leuee x Aigeinos and, Leuce x Tacamahaca inter-
sectional crosses from which the production of entirely new types of poplar
hybrids and the inductlon of rooting ability is expected; (v) rooting trials
and vegetative propagation of superior genotypes to secure a clonal- basis
for field testing; and (vi) acquisition of population samples of exotic
poplars.
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Acquisit ions

Species

P. aLba

P. aLba

v. a.LDa

P. edneseena

P. canescens

P. tremula

P. tz,erm,tla

P. tnenuloides

Parentage

P. fu,ermtLoides

P. trerruLoides

P. tz,erruLoides

P. tnermtLoides

Oriein
Romania

Hungary

Italy
Italy
Romania

Hungary

Czechoslovakia

Prairie Provinces,
F.B. Arnitagers
collection

No. of
One-Parent Progenies

3

4

I
1

7

1

2

50

No. of Trees Selected

Selection

Species or Hvbrid

P. trerruLoides

P. alba x grandidentata

P. alba x dnuidiana

P. alba x sieboldii
P. grandidentata x aLba

P. grandidentata x d.auidiana

P. eaneaeens x (alba x grandidentata)
P. eaneseens x (aLba x trermtloides)
P. aLba x adenopoda

P. eaneseens x grandi,dentata

34

2L

24

6

10

t
9

1

I
4

These trees were selected in native stands and in plantations of
hybrlds, and vegetatively propagated for the purpose of clonal testing.

Hvbridization

No. of Crosses Made
successful unsuccessful Total

7

4

2

2

x trerm,tla

x sieboldii
x deLtoides

x (taeamahaea x
deLtoi.des)

52
31
l_1
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Parentage

P. tterruLoides x triehoearpa
P. ty,erm,Lloides x balsamifez,a

P. trermtla x trerruLoides

P. trermtla x deltoides
P. trermtla x (taeamahaea x

deLtoides)
P. grandi.dentata x alba
P. grard.identata x eaneseens

P. alba x grandidentata

P. alba x si,eboldii
P. aLba x deltoides
P. aLba x (taeamahaea x deltoides)
P. aLba x trichoearpa
P. canescens x alba x grandidentata)

P. cdneseens x (alba x sieboldii)
P. eaneseens x (alba x dauidiana)

P. eaneaeens x (aLba x adenopodn)

P. caneseens x deLtoides

P. canescens x (taeqnahaea x
deLtoides)

sLeboldii x eaneseens

sieboldii x (aLba x tnerruLa)

sieboldii x (aLba x
gvandidentata)

P. sieboldii x (aLba x adenopoda)

P. sieboldii x (aLba x dnuidiarw)
P. (alba x grandidentata) x

eanescens

P. (alba x grandidentata) x (alba x
dnuidiarn)

(alba x gvand.identata) x (alba x
sieboldii)

(alba x gnandidentata) x (aLba x
adenopoda)

(alba x grandidentata) x (alba x
tnenula)

No. of Crosses Made
successful unsuccessful

13

2

1

1

4

2

I
1

1

1

I
1

1

1

Total

1

4

13

4

p

4

I
1

1

2

I
1

1

1

I
I
I
1

2

I
I

I
1

1

3

I
I
1

2

1

1

I
1

P
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Parentage

P. (alba x grandidentata) x
sieboLdii

P. (alba x grandidentata) x
dnuidiana

P. (alba x grandidentata) x
deltoides

P. (alba x gnartdidentata) x
(taeanahaca x deltoides)

P. (aLba x gnandidentata) x
triehoearpa

P. (aLba x sieboLdii) x (alba x
grandidentata)

P. (alba x sieboldii\ *
gz,andidentata

P. alba x dnuidiarn - self
polllnated

P. alba x trerntLa - self pollinated
P. (grandidentata x dnuidiarn) x

(alba x grard.identata)
P. (grandidentata x daui,diarn) x

(aLba x trerruLa)

P. (gz,andidentata x dnuidiana) x
(alba x sieboldii)

P. (gz'andidentata x dauidiana) x
(alba x adenopodn)

P. deLtoides x tnerruLoides

P. deLtoides x tnermtLa

P. balsamifera x trermtloides

No. of Crosses Made
successful unsuccessful Total

I
I

I
)
2

1

1

3

2

1

Irradiated intermedlate pollen (10,000 R/rnln for 20 min to a total
of 2001000 R) was used in the intersectional crosses (Leuce x Aigeinos,
Ieuee x TaeatnaVnea). The self-pollinated poplars were hermaphrodites.

Rooting Trials and Vegetative Propagation
Efforts were made to propagate selected trees by stem cuttings and

suckers.

The propagation by stem cuttings was tried with hybrids of si.lver
poplar and aspen parentage. Replicated trials showed significant variation
in rooting within and between the farnllies of hybrids. Some genotypes rooted
consistently better. The clonal propagation of a larger number of hybrids is
underway.
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Pure aspens cannot be propagated by stem cutt:ings. Efforts were
made to use their suckering ability for vegetative propagation. Root pieces
of selected trees were placed in sand in the greenhouse and the emerging
succulent suckers were planted in tubes for rooting. The following obser-
vations were made: (i) intensive suckering was observed in a 60-day period;
(ii) the rooting of the suckers was successful; and (iil) large within- and
between-population variation was observed in suckering as well as in rootl-ng
of the suckers. A fast inltial propagation can be achieved by using this
method. Once this phase of the propagation is achieved, itcould be contl-nued
in a simpler way in the nursery, by taking advantage of the suckering capac-
ity of the outplanted rooted suckers.

Polvploids
The chromosome counts l^rere continued on the poplar plants which were

first produced and treated for polyploidy induction. Fifty-two polyploid
and 77 rnixoploid plants were found. Some of the plants hrere analysed for
the second or third time. A plantation of the polyploid and mixoploid pop-
lars was initiated in the Maple arboretum area.

COTTONIdOOD

The development of fast growing cottonwood clones with superior sil-
vilcultural characteristics and a northern extension of the range of cotton-
wood are the objectives of this program. The followl-ng methods are being
used: (i) selection; (ii) acquisition of gene pools of exoti-cs and devel-
opment of breeding arboreta; (lii) breeding; (iv) polyploidy induction; (v)
progeny testing and heritabllity studies; (vi) vegetative propagation; and(vii) nursery and field testing.

During 1968 and 1969 emphasis liras on the f ollowing rrorks: (i) selec-
tion of superior trees in native populations; (ii) interspecific breeding;
and (iii) clonal and population testing for winter hardiness.

Acquisitions

Species or Hvbrid
P. nigna

P. nigna

P. deltoides

P. deltoides
P. deltoides
P. deLtoides

P. x eu.ratnerieana

P. x eLu.americana

Origin
Yugoslavia

Czechoslovakia

Pralrie Provinces,
F.B. Armitagers
selection
Ontario
Manitoba

ItaIy
France

Germany

Number

one-parent

one-parent

one-parent

one-parent

clones

clone

clones

clones

progenies

Progeny
progenies

progenies

10

1

74

5

7

1

9

10
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Species or Hvbrid

P. x eur.ame?icana

P. x eur,ameriearn

P. x e?tramerieana

The P. x euramerieana
clones from European
selected trees in the
the cottonwood clones

Selection fron Ontario

Speci.es

P. deltoides
P. x Jackii
P. balsamifera

Hvbr id izat ion

Parentage

P. deltoides x nigva

P. deltoides x Jackii
P. deltoides x triehoeatpa
P. taeamahaea x deLtoides
P. xJackiixdeLtoides
P. xJaekiixniara

material represents a selection of the best known
countries. The P. deltoides seed was collected from
Saskatchewan, Missouri and Red River systems, while
represent a selection from the Prairie Provinces.

No. of Trees Selected

L2

No. of Crosses Made

Origin
Holland

Italy
Spain

Number

2 clones

9 clones

3 clones

6

3

The majorlty of these trees were selected by Mr. H.C. Larsson, who
klndly provlded the scions and cuttlngs for the vegetative propagation. The
propagation of these trees, for the purposes of clonal testing, is underriray.

suciessful-
13

unsuccessful

4

Total

L7

L2

2

9

2

1

2

2

1

2

L2

P. deltoides and P. x Jaekii were, crossed with P. nigna in an
attempt to lnduce hybrid vigor, and to obtain resistance to Marssonina and
to the bacterial canker. By crossing P. deltoides with P. baLsamifera and
P. x Jaekii the production of hybrids for a northern extension of cotton-
wood ls expected.

tr{inter Hardiness Tests

Euramerican popLar clones of European origin were planted in nur-
series across Ontarlo to test their winter hardiness. The majority of
these cLones were winter hardy in Orono and Kemptvil-le nurseries, but they
were seriously frost damaged in Swastika and Thunder Bay nurseries.

58



Field Testing

Two clonal tests of winter hardy euramerican poplar clones were
establlshed in southern Ontario to demonstrate their growing potential and
to select the ones which could be recorunended for local plantlng.

I,IHITE PINE

The objectlves of the white plne breeding program are to lmprove
the eastern white pine and to develop hybrid white pine varieties of fast
growth and desired silvicultural characteristics, with a reasonabl-e degree
of resistance to bllster rust and weevil. The following methods are being
used: (i) selectlon; (ii) variation studies; (iil) eompleti.on and main-
tenance of a gene bank and of the breeding arboreta; (iv) intraspeciflc and
interspeclfic breeding; (v) progeny testing and heritability studies; (vi)
vegetative propagation studies; (vii) studies of the pest inoculation tech-
nlques and of the nature of resistance; and (viil) field testl-ng.

In 1968 and 1969 efforts were made in the field of: (1) vegetative
propagation; (ii) blister-rust-resistance testing and detection; (ili)
testing the blister-rust-resistance-transmitting ability of the seeningly
tesistant P. stnobus trees; and (iv) P. grnffithni x stt,obtzs breeding and
testing.

Acquisitions
Species

P. konaiensis

P. montieola

P. stz,obus

P. punila
P. montieoLa

Selection
The following trees

Species of Hvbrid

monticoLa

montieola x peuee

peuce x sty,obus

stt,obus

sriffi.thi.i
griffithni x strobus
gniffithii x pentaphgLla

cembra

Orisin
Japan

Idaho, U.S.A.

Petawawa F.E.S., Ont.

Japan

Saratoga, N.Y., U.S.A.

Number

1 population

6 populations

6 populations

5 trees
10 trees

were selected and propagated by grafting:
No. of Trees Seleeted

7

26

1

26

8

3

2

5
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Ilvbridization

Parentage

P. koy,aiensis x Lantbez,tiana

P. stnobus x montieoLa

P. (strobus x gniffithii) x
nontieoLa

P. Qteuee x strobus) x
montieoLa

P. strobus x (griffithii x
stnobus\

Parentaqe

e. griffithii x strobus
P. sty,obus x griffnthi,i
P. stnobus x (griffithii x

P. (gri,ffi.thii x strobus) x

P. @rnffithii x sty,obus) x
(griffithii x strobus)

Crosses Made in 1968

No. of Crosses

4

5

Crosses Made in 1969

No. of Crosses
Made

13

4

4

5

5

No. of Seeds
Total Full

L2 1

L546 49

r47 0

326

No. of Cones
Set

222

L24

38

l_31

39

15

75

l_40

stnobus)

stt,obus

Blister-Rust-Resistance Testlng and Blister-Rust Detection
Tubed seedlings are being raised in flats and arranged in randomized

replications. The seed is sown in January. The blister rust i-noculation
takes place in late August. The entire test is concentrated in a small area
and inoculated at one time. The seedlings are returned to the greenhouse
i-n January, when observations on needle infection are made. In the early
summer the seedlings are moved to the col-d frames and from there to the nur-
sery. In late August they are again inoculated with blist,er rust. In
January the seedlings are taken back to the greenhouse. In a short time the
aecia appear on the seedlings which have completed two seasons of growth.
The tesLing period is significantly shortened.

Observations rdere made on the needle infection of the l-year-old
seedlings, and bark samples were analysed for the blister rust mycelium. Stx
months after inoculation the blister rust was present in the stems of all
analysed seedlings with heavy needle infection and in the majority of the
seedlings wlth light needle infection. The smal1 seedlings were infected to
a significantly lesser degree than the tall seedlings. Significant dif-
ferences in the intensity of needle infection appeared between the 17 P.
strobus full sibs in the test.
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Significant differences in the number of seedlings with aecia
appeared between the same full- sibs. The correlation betr^reen,the intensity
of needle infection and the number of seedlings with aecia was positive,
but weak.

Veeetative Prooasat ion

Cuttings and needle fascicles r^rere planted in coarse sand in plas-
tic tubes and placed ln a plastic tent or in a mist bed in the nursery.
The possibilities of rooting cuttings, needle fascicles with fascicular
buds and needle fascicles without fascicular buds af P. stz,obus and P.
gTnffithii x stt'obus trees of different age were investigated. The r,,rithln-
and between-population variation in rooting ability was studied. The fol-
lowing observatl"ons were made: (i) the cuttings and needle bundles taken
in early spring and in late summer rooted the best; (ii) the cuttings
rooted as well as the needle fascicles; (iii) the needle bundles without
fascicular buds rooted better than those with fascicular buds; (iv) the
rooting Ln 3/4-inch diarneter, 3-inch-long plastic tubes was as good as in
flats. The cuttings rooted in tubes developed an evenly distributed and
balanced root system in contrast to the unilateral roots developed in flats;
(v) the root,ing ability dld not decrease when stock up to 10 years of age
was used; (vi) within- and between-population variation in rooting ability
was observed. and this became more pronounced with age; (vii) p. griffithnn
x strobus rooted better than P. stv,obus; (vii) the rooting of the same
clones in the consecutive years was not consistent; and (ix) cuttings as
well as needle fascicles taken from single trees rooted up to LOO?".

HARD PINES

The improvement of red pine by selection and breeding and the devel-
opment of hybrid hard pines of superior growth, form and wood quality re-
sistant to disease and suitable to Ontariors conditions are the objectives
of this project. The methods used involve: (i) selection and intraspecific
breeding in red pines, emphastzi;ng the crosses of geographically distant
Provenances and of evidently distinct genotypes; (i.i) completion and main-
tenance of breeding arboreta; and (iil) interspecific crosses.

In 1968 and 1969 emphasis was on P. nigra x densifLona
crosses and attefipts were made to produce interspecific hybrids
by using irradiated red pine pollen as an intermediate.

Acquisitions
A P. nigra provenance trial representing 61 provenances

of 51500 seedllngs was received from Schmalenbeck, Germany.

Selection

x siluestrts
of red pine

I{tith a total

The followi-ng trees were selected from our experimental pl-antations
and grafted for further purposes:
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Specles

P. densiflona f. eneeta

P. densifLora
P. densifLona

P. nigra f. cebennensis

P. huangshanensis

P. montana f. uncinata
P. Leueoderrnis

Hybrldization

Parentage

Origln
Korea

Japan

PennsylvanLa

France

China

France

Holland

Crosses Made ln 1968

No. of Trees Selected

1

2

1

7

I
3

5

P. tabulaeforrnis x Leueoderrnis

No. of No. of No. of Seeds
Crosses Cones ful-l- emOtv

432026L
P. (densifLov,a x siLuestris) x nigz,a 8 Zg9 28ZL 5310

P. (nigra x densiflo?a) x si.Luestris 2 19 02
P. nesirnsa x nesi,nosa

P. resirnsa x (nigra I resinosa
lrradlated)

l_0 90 25L5 82L

649
P. nesirnsa x (siluestnis x resi,nosa

irradlated)317090
P. resinnsa Letrcoderrnis yesirnsa 5 19 O Sg

Crosses nade ln 1969

Parentage

P. y,esinosa x resinosa
P. nesinosa x (nigra t resinasa

irradlated)
P. resinosa x (densiflora x siluestnis

2* 332

No. of Crosses No. of Cones

49

69

67

59

11

+ resinosa lrradlated) 10

P. resinnsa x (siluestris + nesirpsa
irradiated)

P. Tesirnsa x (densiflora + nesinosa
irradlated) 7 62

The poll-en nas lrradiated at 10,000 R/rnin to a total of 200,000 R.

*The authenticity of the hybrids is not verified yet.
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RESEARCH STIIDIES IN THE SI'IMPS 0F SOUTI-fv{ESTERN ONTARIO 1969-70

H.C. Larsson
Research Bnanch,

Ontari.o Deporhnent of Land.s and. Fonests, lrlapLe, }nt.

The objectLves of the swamp silvicultural research program are to
develop pra.ctLcal technlques for the selection, mass production, establish-
ment and culture of fast growing veneer-quality phenotypes of the coruner-
ciaLly important hardwood species.

To accomplish these objectives, intensive reconnaissance surveys
have been underway since l-957 in the major swamps of sotrthwestern Ontarlo
for locating exceptionally fast growing high-quality phenotypes of silver
maple (Aeen saeeha?i.nwn L.), eastern cottonwood (PopuLus deltoi'des l"larsh.),
and Jackli popLar (Populus x Jaekii, Sarg.). At the present tine 18 silver
maple, six eastern cottonwood and four Jackii poplar have been seLected for
propagation. In addition 16 clones of European willow (Saliu alba L.) and
the progeny of five stralns of lumber-type European alder have been grown
for out,-planting in the sw€rmps.

A hardwood nursery of approximately 0.4 acres was established in
the spring of L969 to acconnrodate the silver maple progeny and the ever
increasing clones and cuttings of eastern cottonwood, Jackii poplar and
silver maple. It was expanded to aLmost l acre in the spring of 1970.

A misting bed with bot,tom heat was also established at the same

time to increase the production of the silver maple clones.

SILVER MAPLE

Location and Selection of Phenotvpes

No new silver maple phenotypes have been located'in sotrthern Ontario
over the past 2 years. However, of the'23 that had been selected, four have
since been rogued for defects which were not obvious at the time of selec-
tlon.

Breedi-ng Program

In 1968 seven parent trees were crossed under greenhouse conditions
to produce 16 strains totalling about 1,200 seedlings. In 1969 eight, Parent
trees hrere crossed under sirnilar conditions to produce 18 strains totalling
800 seedllngs.

In 1970 a llmited breeding program was initiated by crossing only
trdo parent trees of silver maple. However, at the same time a reciprocal
cross was successfully made between silver and red maple. The cross hTas

more successful when the silver maple male was crossed with the red maple
fenale than when the red maple male was crossed with a silver maple female.
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In all 3 years, the seed from the resultant crosses was sown in the
greenhouse in plastic flats in mid-April and transptanted into the hardwood
nursery in mid-May of the same year. Here they remain for 2 years before
being outplanted in the swamps of southwestern Ontario.

Estgblishment Studies

A progeny test vras established in the spring of 1969 in the Newell
Tract of the Beverly Swamp by planting 2-year-old seedlings in a repllcated
design. The trees luere spaced 6 feet apart within and between rows. Test-
ing continued in the spring of I97O, by planting the progeny from seven
parents ln the Ellice, Beverly, Luther and Greenock swamps. Half of the
trees were planted with roots and the other half were planted wlth only the
rooL zone. The latter method of planting is faster and lf successful will
greatly reduce the costs of planting silver maple under swamp conditions.

C1ona1 Studies

Fifteen of the selected phenotypes have been reproduced either by
budding, layering or cuttings. Cuttings appear to be the most efficient
method of reprodrrcing this species asexua,lly. The best results to-date
were procured when greenwood cuttings were planted in a misting bed in July
and early August. Unfortunately the first roots which are formed on the
cuttlngs are almost non-functionaL for the first year. It is therefore
important that the young cuttings are not disturbed until May of the follow-
ing year.

EASTERN COTTONWOOD AI{D JACKII POPI,AR

Loca.tlon and Selection of Phenotvpes

A t,otal of 11 eastern cottonwood and five Jackii poplar have been
located since 1967 Ln the Burford, Beverly, lJainfleet, Luther and Greenock
swamps. Of these 16 selections, four of the eastern cottonwood have been
rogued either for minor defect,s or for canker. The remaining 12 trees are
belng propagated at Maple.

Establishment,

One of the Jackil poplar clones was out-planted in the Ellice,
Burford, Beverly, Puslinch, Luther and Greenock swamps in the spring of
1970. It will be evaluated a,s to growth and survival.

Clonal Studies

Over the past 4 years, eastern cottonwood and Jackii poplar have
been propaga.ted almost entirely by dormant, hardwood cuttings. Generally
they root within 6 weeks of planting and by the end of the first growing
season they are from 4 to 8 feet tall.

Greenwood cuttings procured in July fron the best eastern cotton-.
wood and Jackii poplar phenotypes were rooted in the rooting bed at Maple.
Rooting success was almost 90% but when outplanted in the field in the
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spring of 1970, only the Jackii poplar cuttings survived. The root system
of the eastern cottonwood clone a.ppeared t,o be rendered non-functiona.l after
disturbance by transplanting.

EUROPEAN I{ILLOVJ

Sixteen clones of European willow were outplanted in a repLicated
and randomized design ln the Newell Tract in the Beverly Swamp complex in
the spring of 1969. the cuttings rooted well and approximateLy 90% of all
cuttings survLved the first growing season. Unfortunately thefe was a
mouse epidemlc in the winter of L969-70 and over 807. of the cuttLngs were
completely or partially girdled. The injured cuttings r{ere cut off above
the girdle and replanted in the early spring of 1970.

EUROPEAIiI ALDER

In L962, seed from five lumber strains of European alder from
Germany were procured through the late Dr. F.U. Klaehn of Syracuse Univer-
sity. They were sown in the Orono Nursery in the same year and were out-
planted in three swanps in the spring of 1965 under natural conditions.
They were measured after fl-ve growing seasons. They ranged in mean height
per clone from 13 to 19 feet and with a mean dianeter per clone from 1 to
2 inches. These trees not only grew well but they were not attacked by
mice, rabbits or deer. Such a species might be valuable in a mixture for
soil improvement as well as for lumber.
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OUALITY CRITERIA FOR BLACK SPRI.,CE

J.L. Ladell
Ontafi,o Researeh Founda,tion, Shenidmt Paz'k, Ont.

INTRODI,ICTION

For severat years the VJood Science Section of the Ontario Research
Foundation (ORF) has been engaged in research centering on the relation-
ships between the properties of paper and the attributes of the wood front
which 1t is made. Up to the time of writing, the work, which is sponsored
by the Ontario Department of Lands and Forests, has been almost entirely
with black spnrce (P. mariana). However, it is planned to carry out some

tnvestigations on white spruce (P. glauea) and white sPruce hybrids in the
near future.

A lengthy investigation directed at the establishment of criteria
which would allow the quality sampling of standing (black spnrce) trees was

courpleted !n 1969. In this work the morphological and chemical characters
in 16 sarples of black spruce wood were examlned with a view to determin-
irg, by rmrltiple regression bnalysis, their efficiency as predictors of
p.t.r strength. The 16 samples consisted of four samples of like age taken
from each of four trees. The four trees were part of a larger sample of
20 randomly selected from a Class 1 site in Parnell Township' Otrtario.
From each of the trees a Z-foot bolt was removed from the l0-percent, 25-
percent, 50-percent and 75-percent-height levels. The present lnvestigation
centered on materi-al from the 25-percent-height leve1. Confirnratory work
involving all height levels ln all 20 trees is in progress at the tirne of
writlng.

Uhile the assessment of the relative efficiency of paper strength
predictions was the principal object of the investigation, it was also
thought desirable to examine the morphological and chemical characteristics
of the 16 samples in some detail, as little is as yet known of the proper-
ties of black spruce wood.

Information was obtained on 65 wood characters in all. Determina-
tions made on samples of chips included: specific gravity, both extracted
and unextracted, lignin, pentosan and extractive coRtent. Measurements
made on macerated fibers included fiber length, fiber diameter, as measured

at the mLd-point, and the number of bordered pits. Measurements' with a

microscope of cross-sections of selected rings included the cross-sectional
dimensions of Lracheids (fibers), lumens, and cell wall thickness, both
tangential and radial and in both early- and latewood, the numbers of early-
and latewood fibers per file and the total number of fibers per file' ring
width and the width of latewood; the width of medullary rays and their
frequency, both absolute and in relation to the number of tracheid files;
the frequency of fusiform rays; and the size and frequency of vertical
resin ducts. Cotrnts were also made of the number of fibers Per unit area,
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which, together with estimates of cell wall percent, led to expressions of
the average cross-sectional dimensions of fibers and average cel1 wal1
thickness.

Meazurements on tangential sections in selected rings included
fiber length, and the height, width and frequency of medullary and fusiform
rays.

VARIABILITY OF SA},IPLE MATERIAL

Fiber length as determined from tangential sections of the latewood
was fotrnd to increase from an average of 0.77 sm at the outer boundary of
rlng 2 to 3.78 rcn in ring 100, with fluctuations in the middle years pre-
sumably associated with (observed) changes in growth rate. (Rings were
counted from the pith.) Average fiber lengths, as deterrnined from macera-
tions, \^rere conslstently greater than fiber length ln the latewood. Average
tangential dia:neter of earlywood fibers lncreased rapidly from 13.4 p in
the ring near'est the pith to 2O.4 u in ring 10, with a further steady
increase to 24.8 u in rlng 100. Radial diameter of earlywood fibers
increased on the average from 15.4 u ln ring 1 to 23.8 in ring 10 and to
30.7 u in ring 100. Tangentlal diameter of latewood fibers corresponded
closely with that of earlywood cells. Radial diameter of latewood fibers
increased from 10,22 p in ring 1 to 13.92 v in ring 10 and then increased
but little if at all from that ring outward. The thickness of fiber walls
in earlywood fibers changed little from ring 1 to ring 100. In latewood
fibers the wall thickness increased fairly steadily from ring 1 outwards'
to reach a ma:<iunrm of 5.61 u in ring 100 in the case of the radLal- walLs
and 4.2L v in the case of tangential walls.

Latewood productlon was found to be meagre. Average number of
latewood fibers produced increased from B in ring I to 15 in ring 10 with
a decline thereafter to an average of 5 in ring 100. Values for latewood
percent, calculated on the basis of measured width, were 407" in ring 1,
with a decline to 2V/" in ring 10, and fluctuations thereafter. Values
given by basing latewood percent on the relative number of latewood fibers
present, a faster method, gave consistently higher percentages.

Medullary ray frequency in the fotrr trees was highest in the ring
nearest the pith, decreased rapidly in the first 10 rings, and less rapidly
thereafter, so that in ring 100 the frequency of rays was about half that
near the pith. From ring 1 to 10 the average height of medullary rays
decreased and their average width decreased. Thereafter there appea,red to
be little change in their dimensi.ons. Total ray cross-sectional area
followed the trend for ray frequency. Fusiforn rays were sparsely dis-
tributed with a frequency Il4O that of the medullary rays. The average
height of fusiform rays increased from the pith outwards. The number of
vertical resin ducts was higtrest in the ring nearest the pith with an
average of 7,28 ducts per nrnz. The frequency then fell abnrptly to less
than I duct per rmn2 in ring 10, with minor fluctuations in frequency there-
after. Vertical resin canaL dianeter, on the other hand, lncreased steadily
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from an average of about 30 p in the ring nearest the pith to over 50 p in
ring 100. Total resin duct area tended to foltow the trend for duct fre-
quency.

Cell wall percent was highest in the ring neafest the pith with a

sharp decline to ring 10, followed by a less steep decrease to ring 20.
Cell wall percent then tended to increase but it never reached the value
for ring 1. Specific gravity patterns reflected these trends. tignin con-
tent tended to increase from about ring 25 outwards while pentosan content
decreased from pith to bark, es did extractive content'

IE was concluded from this examination that the core- or innerwood,
comprising the region of anomalous wood near the pith, probably does not
extend more than 10-15 rings from the pith in black sPruce. The volume of
corewood produced in relatlon to the whole rnerchantable bole would be there-
fore small, so that from Lhe practical point of view the presence of core-
wood in the species may probably be safely ignored. From the patterns of
variation outward, it was also concluded that black spnrce is an unusually
uniform wood. tr{ith comparatively few latewood cells, the character of the
wood is probably dominated by the earlywood fibers, which vary little ln
wall thickness from pith t,o bark.

In general, varl-ability outwa.rd appeared to be associated with
radial distance from the pith, rather than with age or ring width.

CORRELATIONS WITIIIN SAMPLE MATERIAL

Correlation coefficients were calculated between all 65 wood char-
acters using averages for the 16 samples (14 df). The correlation coeffi-
cient between average ring width in the samples and unextracted specifLc
graviry was -,522* Ina wi[n extracted specilic gravity -.538'k. The correla-
tion coefficient between specific gravityr unextracted and extracted, and

latewood percent based on width of latewood, was found to be *.434 and'

+.424, NS. at the 57.level. Latewood percent based on rela.tive number of
latewood fibers, however, gave +.534* and +.501x. Latewood percent was

negatively correlated with rigrg width.

Average and latewood fiber length were highly correlated at r =

4936**:t. Average mid-point fiber diameter, as determined on macerations'
was found to be more closely correlated with the radial diarneter of early-
wood fibers (r = +.812***) than with any other cross-sectional fiber dimen-
sion. Examination of the 12 correlations linking the radial and tangential
measurements of fiber diameter, lumen diameter and cell wall thickness in
both early- and latewood fibers showed that the tangential diameEer of late-
wood fibers was significantly correlated with al-l but two of the 11 other
cross-sectional fiber dimensions, and latewood radial wa11 thickness and

the radlal diameter of earlywood lumens all but three. On the other hand,
the radial diameter of latewood lumens was significantly correlated with
only one of the other 11 cross-sectional flber dimensions. The correlation
between average fiber length and average mid-point diamet.er was found to be
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r = *.669x-K. Correlations with precise cross-sectional dimensions were
higher.with fiber length/tangential latewood fiber diameter giving r =
+. g3orh**.

Specific gravity was found to be significantly correlated with only
one cross-sectional fiber dimension - radial wal1 thickness in the earlywood,

No significant correlation was found between the height and wldth
of medullary rays. Total ray area per nmr2(TS) was found to be closely
correlated with ray frequency.(r = *.840***), less closely correlated with
average ray width (r = +.633o**), and not slgnificantly correlated with ray
height (r = *.049). Ray frequency was.strongLy correlated with both a,verage
and latewood fiber length (r = -.879*ox and -.849***), suggestlng ray fre-
quency' an easlly measufed feature, might be used to predict approximate
fiber length.

Lignin content, was found to be significantly correlated wi.th late-
wood but not average fiber length (+.564x and *.451 NS). Lignin content
was also correlated with radiai fiber wal1 thickness with r = *.605* (early-
wood) and +.662** (latewood); but there was no significant correl-ation with
tangential fiber wall thickness (r= -.182 NS and +.337 NS). There r^ras no
significant correlation between lignin content and either ring width, age
or radial distance from the pith.

Pentosan content was positively correlated wi.th ring width, distance
from the pith, ray frequency, and the width of latewood, but not with late-
wood percent.

Extractive contents were positively correlated wlth the frequency
of medullary and fusiform rays, but negatively correlated with the size and
distribution of resin ducts

RELATIONSHIPS BETWEEN PAPER STRENGTH AT'ID !,TOOD CHARACTERS

Duplicate cooks of 10 g samples of chips (oven-dry weight) from
each of the 16 fractions were carried out in bombs of 150 ml capacity using
the bi-sulphite process. Cooking times were 3, 3.5 and 4 hr at 160"C.
Cooking of the 96 batches (16 fractions x 3 cooking times x dupllcaLes) was
to a predetermined randomised design

For each of the three paper strength properties obtained, tensile
strength (breaking length), burst and tear, linear regression equations
were calculated with all 65 wood characters entered as lndependent variables
in sub-sets of one, two and three in all combinations. Four series of re-
gression analyses were made for each paper strength property with the four
innerwood fractions included (N = 16) and excluded (N = LZ), and with the
dependent variables (paper strength) as based on the same cook-time (4 hr)
and as based on the same residual lignin content (K = 45r.

The analyses were carried out by computer which was prograrmned to
include in the print-out only those regression equat,ions in which each and
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every independent variable was fotrnd to be significant at or over the 57.
level. The output included a total of more than 4000 equations. Examina-
tion of these showed that almost every one of the 65 independent variables
entered was significantly related, either when taken afone or in combination,
to one or other of the pa.per strengths. It was also found that the relative
superiority of certaln wood characters as predictions of paper strength
depended on whether the paper strengths entered were those based on a cofimon
cook-time or those corrected for residual lignin; and also on whether the
four innerwood fractions were included or not.

The equations were screened firstly for those wood characters, or
combination of characters, occurring ln all four series of analyses for
each of the three paper strengths, i.e. those characters showing a relation-
shlp with pa,per strength, whatever basis was used to arrive at paper
strength and whether the innernrood fractions were included or not. These
characters would appear to be the most reliable and persistent indicators.
A second screening was carried out for cha.racters showing a relation with
strength values corrected for residual lignin and appearing both in the
presence and a.bsence of the lnnerwood fraction, i.e. it was no longer re-
quired that a relation be maintained whatever the base used to derive paper
strengths. A third screenLng was made for the characters showing strong
relationships in the absence of the innerwood fractions (N = 12) and with
corrected strength values only. These characters were deemed to be the
least reliable. For the sake of simplicity the characters or crit,eria
emerging as a result of the three screenings were terrned Grade A, B and C,
in decreasing order of reliability. only the ten 'best-fits' in each
category were examined. The three factor combinations giving the rbest-fitsl
are listed below.

Tensile Strength

Grade A criteria - best fits were gi.ven bv:
specific gravit!,-1***
tangential lumen diameter earlywood
ratio of tracheid files to medullary

fibers (-)*"1 n2% = 82.5
rays (+;** 1

lignin content (-),b* )
total solubles (-)*o ) R2% = 81.6
width of medullary rays (+)*)

- other significant combinations included:
tangential diameter latewood fibers (-)
tangential diameter latewood lumen (+)
frequency of medullary rays (-)
radial distance from the pith (+)
age from pith (-)

Grade B criteria - best fit given by:
radial wa11 thickness latewood fibers (-)o*o)
specific gravity (-)o* ) RZZ" = 85.3
frequency of medullary ray ce1ls (-)oo )
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- other significant combinations lncluded chemical con-
stituents and medullary ray features as for Grade A,
as well as fiber length - latewood (+).

Grade C criteria - best fits were given by:
radial waII thickness latewood fibers (-)oon)
frequency of medullary rays (-)on ..) R27. = 86.8
average cross-sectional area of fibers (+)*o)

radial wall thickness latewood fibers (-)'*'**)
specific gravity 1-1*:t 1 x2% = 85.3
fiequency of medull ary Eay cells (-)no )

- other slgnificant combinations incLuded:
radial lumen diameter latewood fibers (+)
fiber length/mid-point diameter (-)
area of vertical resin cana.ls (+)
ring width (-)
number of flbers per unit area of cross-section
and derived measurements (as in the best-flt
combination above)

Burst Strength
Tensile and burst strengths.were highly correlated. Values based

on cofitrnon cook time gave r = *.892***. Values corrected for residual- lignin
gave r = +.920***. As might be expected, there were close similarities
between the best-fit equations for the two strength values. Generally
speaking the best-fit equations accounted for a higher proportion of the
variation in burst, than they did for tensile strength. The Grade A three
factor combination giving the best fit for burst strength was:

radial wal1 thickness latewood fibers. (-)*n*) i
radial diameter earlywood fibers (+)*** ) Rit% = 91.0
specific gravity (-)oo )

A Grade A combination involving chemical constituents was:

lignin content (-)*o )
total solubles (-)* ) R2% = 79,9
width of medullary rays (+)*)

Tear Strength

The number of characters found to be significantly related to tear
strength was greater than those found for tensiLe or burst.

GradeAcriteria-none
Grade B criteria - best fits were given by:

tangential diametet u"ily"ood fibers (-)o*o ) 
^frequency of medullary rays (-)*o* 

"-*) 
R'7. = 86.3

tangential wal1 thickness latewood fibers (+)*-)
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Grade B criteria - alcohol/benzene + alcohol solubles (-)''"k.. )
tangential diameter earlywood fibers l-)"n) x2% = 8L7
latewood percent - by width (-)^ )

- other significant combinations included expressions
of ray frequency together with cross-sectional fiber
dimensions

Grade C criteria - best fit was given by:
pentosan content (+)ott* ) o
alcohoUbenzene * alcohol solubles (-)no* ) R"% = 95.4
latewood percent - by number of cells (+)*ik*)

- other significant three factor combLnations includedt
besldes those in the combination above:
tangential wall thickness of earl-ywood flbers (+)
ceIl wal1 percent (+)
average number of fibers per unit area of cross-
section (+)
radial distance from pith (+)

Almost without exception unextracted specific gravity gave better
fits than extracted specific gravity. Latewood percent as based on number
of cells rather than on width gave superior fits in many cases.

The criteria selected for further testing include the chemical con-
stituents, specific gravity, the frequency of medullary rays and the fre-
quency of fibers per unit cross-sectional area, together with the average
fiber dimensions derived from this frequency.

The investigation showed that it was possible to estabLish statis-
tically strong relationships between wood characters and paper strength
even when the amo,trnt of wood actually pulped was very smal 1.

Almost every one of the 65 wood characters entered was found to be
apparently related to paper strength, either when entered alone or in com-
bination wi.th other characters. In many cases this was presumably due to
strong correlations between one character and another. In other cases the
reason for the appearance in the output of certain wood characters may have
been connected with some underlying non-linear relationship. Such relation-
ships will be looked for in the confirmatory study.

The emergence of so many wood characters as significantly related
variables wotrld appear to cast seriqrs doubts on the validity of any con-
clusions regarding the sotrrces of strength in the paper sheet, when such
are based on measurements in the unprocessed wood.

FURTHER I{ORK

As stated above, a confirmatory sttrdy on black spruce covering 20
trees at two height levels is already under way. In this work the relation-
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ships between paper strength and a I short-listr of wood properties wil"l be
investigated further. Also planned are i.nvestigations of the paPer making
properties of material from 'plust black and white spruce and frorn whl.te
spnrce hybrids supplied by the Northeastern Forest ExperLment Station in
connection with a cooperative study between that establishment and the
Research Branch of The Ontario Department of Lands and Forests.

BIOSONICS

It may also be mentioned that the ORF has been carrying out work in
connection with the effects of ultrasotrnd on llving organisms. The ULtra-
sonl.cs Appllcations Section of the Department of Metallurgy has been active
ln the LndustriaL field for several years and has acquired consl.derable
expertise particuLarLy in respect to the development of Lnstrumentation and
measurement techniques. Because of this, ORF has recently received funds
from the Federal Department of Health and lJelfare Lo carry out a comprehen-
sLve literature review of the effects of ultrasound on biological material;
whlle other contract work under hray concerns the effects of ultrasotrnd on
the growth and development of fish and of donrestic chickens. ORF funded
pilot studles of the effects of ultrasound on the seeds of Scots pine
(P. syluestnis) and a dwarf variety of tomato are showing that with certain
frequencies an enhancement in the rate of germination may be expected.
These studies are continuLng and it is hoped that further results of inter-
est will be forthcorning.
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AN INDTJSTRIAL TREE IMPROVEMENT PROGRAM IN NORTHERN ONTARIO

J.A. McPherson
Woodlands Depantrnent,

Kintberly-Clark PuLp md Paper Co. Ltd., LongLae, ont.

The main area of activity during the past 2 years has been the
clonal orchard. It conslsts of white and black spruce in separate compart-
ments and now contains 681 grafts representing 93 plus trees. Sofire flower-
ing occurred in 1969 and a limited number of black spruce cones was produced.
these were cotlected and the seed sown in the nursetJr. There were not
enough white spruce cones to warrant collecting.

In June L969, controlled pollinatLon was carried out on two bLack
spruce clones, using pollen from a single source. I:r September the cones
were collected and the seed was sown in flats in the greenhouse in April
L970.

The white spruce progeny test, started In L967, is continulng.
ApproximateLy 21000 seedlings, representing nine clones, will be moved to
transplant beds in the spring of 1970.

Two hundred superi.or bLack and white spruce trees from the nursery
have been added to the seedling orchard. I'Iork on the Lydia Lake seed forest
has been suspended until an econonically feasible method is developed for
collecting cones from black spruce 60 - 70 feet high.
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RECOGNITION OF DE\ELOPMENTAL PATTERNS IN CELL CULTURES

OF PINUS BANKSIAM I-AIB. AND PICEA GI.AI.CA (rcTruCH) VOSS

D.J. Durzan
Canadimt Forestry Serui.ce,

Forest EcoLogy fnstitute, )ttana, Ont.

Previous reports (Durzan and Steward 1968, 1-970) have established
nethods to obtain l-arge quantlties of freely suspended cell-s of jack pine
and white spruce. This report deals with observations on the behavior of
slngle and multiple cells of Jack pine and the rnorphogenetic patterns that
accompany the growth of cells derived from cal-lus (fig. 1). An attempt is
made to recognize potentially organizing, patterns of growth at early stages
of development. The approach arises frorn probl-ems of vegetative ProPaga-
tlon of conifers and the need for more information about the adventive
embryogeny of somatic cells. For conifers, the latter is yet a dlstant
goal- and it is because thls achievement would have great possibilities for
forestry that a prelininary statement i.s presented.

From the start (Durzan and Steward 1968, 1970), studies indicated
that many patterns of celLu1ar associations could be derived from single
cells and that the eval-uation of temporal- patterns needed a quantititive
basls. i,ltren cel1s organized into structures, similar to that of the pro-
embryo, the early patterns appeared to have few alternatives. By contrast'
poor patterns, that generated more cal-l-us, were unpredictable in their
abil-ity to yiel-d organized growth. One approach may be to attrLbute
informational properties to patterns (e.g. Brll-l-ouin 1956, Elsasser 1968).
Thus any regularities irr pattern, e.g. symmetry, which would dupJ-icaEe or
repeat information, could be deal-t wlth by the concept of redundancy.

To show that temporal patterns, which otganLze into proembryoldsl,
have a f e-r,rr alternative courses, a way must be found to produce theSe
patterns consistently that would tell us how many different patterns can be
discriminated in the end product. From the t,otal set of cellular patterns'
meaningful subsets can hopefully be distinguished in such a l^tay that
sytrmetry becomes a usual concomltant of smaL1 subsets of cell pattern as
well as redundancy, but not a necessary one. The important relation to be
stressed is that poor patterns are unorganized and have many al-ternati.ves,
good patterns show symmetry and polarlty and have few alternatives, and
the very best patterns, that would yieLd proembryoids and successful
vegetative propagation, may be unique or at l-east highly organized. The
product of the l-atter may be at an early stage highly predictable from the
initial tactical- displ-acement of ceLls into a basic pattern.

lPnoembnyoid is defined as a pnoembryo-like stnucture that oniginates fnom
a ce1l othen than a zygote.
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?dqne 7. Grouth and forrn of a one-ueek-oLd jaek pine seedLing eornpared to
calLus, deriued from 2 mg of hypoeotyl artd gnoun for 6 ueeks on
0.5% agan nedia eontaining Whitets basaL suppLemented uith L0%
eoeonut miLk cnd 5 ppm a-nophthaLene aeetic aeid. The eontrast
shous the ease by uhieh grouth of plant tissue ean be disoz,ga-
nized bu chemicaL means.

One approach to the evaluation of temporal patterns derived from
the growth of totlpotent cells is to generate through appropriate stimuli,
specific patterns (e.g. Figs. 2, 3) where each cel-l could have only one of
two possible alternatives (viz. to divide or not to divide) and this choice
nonitored by tine lapse photography. If we were to deal with patterns
derived from eight cells then altogether there would be 2a or 256 different
sequences to deal with. Two of these are shown in Figures 3A and 38.
Clearly from experimental observations, many sequences are meaningless, do
not occur, and do not involve organized growth. Of interest is the observa-
tion that cleavage polyembrony is an efficient way of eliminating unfit
embryos and would presumably delete any deviations from a non-speciflc
devel-opmental pattern (Buchholz L926) .

The growth of sornatic cells in ui,tro poses a problem that the
observer cannot tell one pattern from another unless the starting point of
the sequence is known. If we assume that an organizing pattern of cell
associations starts with two cells yielding a specific pattern (e.g. fil-a-
rnent) then this can be referred to as a basie pattern. Observatlons of cell


