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BI.JSINESS MEETING . MINIITES

Eighteen members attended the business meeting, which was convened
on the afternoon of 29 August, L973, Dr. D.P. Fowler in the chair.

L54. MINUTES OF THE LAST MEETING

On a motion by C.H. Lee, seconded by C. Larsen, the minutes of the
last meeting were adopted as published.

155. MEMBERSHIP

a) New Members. The following new members were duly elected:
SponsorLng:
Dr. B.B. Migikovsky, Canada Department of Agriculture
Mr. G.C. Warrack, British Columbia Forest Service
Actiue:
Mr. C. Hewson, British Columbia Forest Service
Dr. G. Murray, Lakehead University.
Mr. G.R. Powell, University of New Brunswick
CorrespondLng:
Mr. E.F. Bulley, Bowaters Mersey Paper Co.
Mr. N. Kreiberp;, J.D. Irving Ltd.
Mr. D. Levey, Nova Scotia Department of Lands and Forests
Mr. T.S. Murray, New Brunswick Department of Natural Resources
Dr. J.B. Scarratt, Canadian Forestry Service

b) Change in Mernbership Status. Upon request, ch-'.riges in member-
ship status r/ere recorded as follows:
SponsorLng to Coz,nesponding - Dean J.W.B. Sisam
Conrespondi,ng to Sponsoning - Dr. R.E. Foster

- Dr. A. Lafond
- Dr. V.J. Nordin
- Mr. L.A. Srnithers

c) Resignatigrs:
R.K. Allen, J.A. Anderson, W.H. Brittain, L. Ebell, L. Holt,
E.L. Howie, R.R. Lejeune, J.H. Mortimer, E. Porter, L. Roche,
K.J. Roller, R.H. Spilsbury, J. van der Feyst, J.E.D. Whitmore.

Y. Lamontagne, seconded by A. Teich, moved the adoPtion of the
membership report. Carz"ted.



156. CHANGE OF NAME

Dr. Fowler announced that, in consequence of a ballot on the name
change approved at its thirteenth meeti.ng, the Committee on Forest Tree
Breeding, in Canada wou1d, henceforth, be known as the Canadian Tree Improve-
ment Association/Association canadi-enne pour I'am6lioration des arbres.

I57. CONSTITUTION AND BYLAWS

The draft constitution anrl bylaws was prepared by a subcommittee
comprising Drs. A. Carlisle (Chairman), H.S.D. Swan, and A.L. Orr-Ewing. In
their absence, D.P. Fowler presented it to Lhe meeting for dj-scussion and
acceDtance.

Speaking on behalf of A. Carlisle, E.K. Morgenstern expressed agree-
ment with the bylaws excepting Article XII. After debate, H.G. MacGillivray,
seconded by S.A.M. Manley, moved that Article'Xll be amended to read: "A
quorum shal1 consist of a presiding officer conducting the meeting, a secre-
tary and 15 rnembers. " Carz"Led.

A motion by J.I. Klein, seconded by C.W. Yeatman, to amend Article
III, objectives, was defeated

M.A.K. Khalil expressed a need to debate further the need for a
constitution or charter. What advantages did it confer and what were its
attendant obligations? D.P. Fowler countered that these points had been
debated exhaustively prior to acceptance of the 'rReport on the Cornmittee on
Forest Tree Breeding in Canada" at the thirteenth meeting, that it had been
distributed to members for study, and that its acceptance, with or without
amendment, rras now the i-ssue.

C.trrl . Yeatman, seconded by C.H. Lane, moved that the draft constitu-
tion and bylaws, as amended, be accepted as the constitution and bylaws of
the Canadian Tree Improvement Association. Carv,ied.

158. I,{ORKING PARTY FOR THE CONSERVATION OF ENDANGERED ARBOREAL GERM PLASM

Dr. C.hI. Yeatman reported for this subcommittee, which comprises
C.W. Yeatman (Chairman), W.G. Dyer and K. Illingrvorth.

The C.T.I.A. policy statement on the conservation of forest gene
resources, drafted at the thirteenth meeting, was presented and explained
to the C.I.F. natural areas committee at the sixty-third annual meeting of
the Canadian Institdte of Forestry in 0ctober, I97L.

C.W. Yeatman tabled his paper, Gene PooL Consev'uat'Lon for Applied
Bneeding and Seed Production (Tokyo L972), as a basis for the formulation
of a national policy on gene pool conservation. Discussion of proposals



for the implementation of such a policy was to have followed but was deferred
for lack of time.

The subcomnittee was, therefore, directed to prepare and submit
their resolutions to the membership in the near future.

159. LOCATION OF NEXT MEETING

An invitation from the Canadian Forestry Service Lo hold the next
meeting at Petawawa Forest Experiment Station in September L975, was accepted.

After discussion on a suitable theme for the meeting, D.P. Fowler
proposed that this should be left to the discretion of the incoming executive.

160. ELECTTON OF OFFTCERS, 1973-75

Moved by K. Morgenstern, seconded by C.H. Lane, that C.W. Yeatman
be elected Chairuran. Carried.

Moved by C.l^I. Yeatrnan, seconded by M.A.K. Khalil-, that K. Illingworth
be elected Secretarv. Cayried.

161. APPRECIATION

On behalf of all members of the Canadian Tree Improvement Associa-
tion, C. Larsson thanked the Canadian Forestry Service for hosting the four-
teenth meeting, and expressed special appreciation to D.P. Fowler, H.G.
MacGil-livray and their staff for their organizational efforts.



FOREST GENETICS RESEARCH IN NEI^IFOUNDIAND

M.A.K. Khalil

Canadiart F onestr.y Sev,oice
N eufoundLarzd Forest Research Centre

St. Johmt s, Neufoundland

INTRODUCTION

This report deals with the period since the previous reportr in
August L970. Duri-ng this period the tree improvement research program rras
reviewed and a revised one finalized (KhaLiL L972),

This program aims at acquiring basic knowledge of the geneties of
selected local and exotic species so as to permit production of genetically
superior seed and vegetatlve planting material in courmercial quantities. The
following broad objectives have been estabUshed.

1. To determine the degree and patterns of variati-on in loca1 species, by
provenance trials, for del-ineation of seed zones for various regions of
the province.

2. To estimate genetic parameters of local species by progeny trials for
their genetic improvement by selection hybridization.

3. To enrich the loca1 resources by introducing suitable provenances of
exotic species.

4. To improve the local and exotic species by hybridizatlon and, possibly'
by polyploidy.

5. To help forest managers in the selection and management of seed production
areas, seed orchards and clone banks for commercial production of certi-
fied genetically superior seed and clonal material.

During the period under review research was in Progress on four
native species, viz. black spruce, Pieea marLana (Uiff.) B.S.P., white spruce'
Picea glauca (Moench) Voss, balsam fir, AbLes baLsqnea (L.) Mill. and trem-
bling aspen, PopuLus tr.emuloi,des Michx. ald on a number of exotics, viz. red
spruce, Picea nubens Sarg., Sitka spruce, Pieea sitchensis (Bong.) Carr. and
hybrid and exotic poplars.

BLACK SPRUCE, PICEA MARTANA (MILL.) B.S.P.

The three studies in progress are summarized as follows:

11



1.

Regional Provenance Trial

This study was started in 1968 and is based on 31 Newfoundland-
Labrador arnd eight mainland provenances.

Cone length, cone width and their ratio for the 28 Newfoundland
Island provenances were determined and the results were statistically ana-
Iyzed. Cone length and cone width are highl-y correlated and the variation
of these characters in Newfoundland is ecotypic.

Data collected on the phenology and growth of seedlings; in the repli-
cated nursery experiment at Pasadena in western Newfoundland were statisti-
ca1ly analyzed and provide the following conclusions:

The variation in phenology and growth characters in Newfoundland is eco-
typic. The mainland provenances form an ecotype different from the New-
foundland ecotypes. The ecotypes on the Island of Newfoundland correspond
to Rowefs forest sections (nowe L972).

The provenances from the Northern Peninsula have the highest frequeney
of single leaders, and this gradually d,ecreases southward. The mainland
provenances have the highest frequency of multiple leaders.

The 1ocal provenances from forest section 8.28a are the closest to the
nursery mean in growth. Six of the mainland provenances have shown the
best height and root-co11ar diameter growth, and those from Labrador,
Northern Peninsula and northern parts of the Island have generally shown
the poorest results. Three of the mainland provenances, viz. Petawawa,
Ont., Farrington, P.E.I., and Valcartier, Que., exhibited consistently
superior growth from 1969 to the fall of J.97I. Provenances from Pistolet
Bay, Plum Point and Harbour Deep, on the Northern Peninsula have shown
the poorest growth. Table 1 shows the relative performance of these six
provenances.

The above three mainland provenances are, however, most susceptible to
frost damage, and the three slowest-growing provenances from the Northern
Peninsula are the least susceptible to this injury. The frost damage
ocqurred only once in four years and only 30 percent of the seedlings of
the mainland provenances had damaged leaders. The damage was not severe.

It appears that the three mainland provenances have so much advantage i.n
terms of growth over the loca1 and the Northern Peninsula provenances
that, despite some frost damage, they can be tentatively accepted to be
the most suitable for western Newfoundland unless subsequent field trials
show different results.

Provenances with heavier seed produce more viable and faster-growing
seedlings than those with lighter seed. The height gro\,ith patterns in
different provenances are also maintained consistently from year to
yeat.

t

3.

4.

5
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TABLE 1. RELATIVE GROI^ITH

OF BLACK SPRUCE

THE TIIREE BEST AND THE THREE

WESTERN NEI^IFOUNDLAI{D IN 1971
POOREST PROVENANCES

FALL
OF
IN

Ileight
Percentage

of the
mean

Root-co1lar
diameter

Percentage
Actual of the
(mm) meanProvenance

Actual
(crn)

Petawawa Forest Experiment
Station, Ont.

Queenfs County, P.E.I.
Valcartier, Que.

Pistolet Bay, Nfld.
Plun Point, Nfld
iarbour Deep, Nfld.

52.62

5]-.22

53.02

29.90

29.82

28.42

r27

L23

L27

72

72

68

l_0. 20

10.55

LL.2O

6.87

6.75

5.80

115

119

L27

78

76

77

Nursery mean height = 41.62 cm.
Nunsenv mean noot-col-lan diameter = 8.83 mm.

All-Range Provegance Trjlal

Seed of 102 provenances was sown in unrepJ.icated nursery beds at
Pasadena in May L97L, and 2 * 0 seedl-ings were transplanted ln nursery beds
in spring L973. Twenty provenances have insufficient seedlings for fiel-d
trial.

Progeny Trials

Individual tree seed collection from open-pollinated cones was car-
ried out at seven locations from which seed for provenance trials was collect-
ed in 1967. Ten trees were selected at eaeh location. Age, height and
diameter at breast height of each tree rirere determined. Cones were kept sepa-
rate by locations and by trees. Seed was extracted, dewinged and cleaned.

One control pollination was done, with three male and six female
trees, one male tree being used for two female trees. Cones were col-lected
and seeds were extracted, dewinged and cleaned. Open-pollinated cones from
other areas will be collected this year, and all seed will be sown in repli-
cated nursery beds in the spring of. 1974.

WHITE SPRUCE, PTCEA GLAUCA (MOENCH) VOSS

The Lake States-St. Lawrence region provenance experiment was contin-
ued. Inforrnation about precocious flowering of some.provenances v/as furnished
to the Petawawa Forest Experiment Station.

13



A new study was initiated in L97L in the Exploits River Valley to
determine whether the phenotypic superiority of some trees and stands was
genetically controlled. Individual tree seed collected from "ordinary" and
"plus" trees in the fall of 1971 in the Frenchman's Pond and Lake Douglas
areas was stratified and sornm in the laboratory and in the nursery at
Pasadena. Statistically significant differences between locations were
observed. The germination of seed from ordinary trees was significantly
higher than that from plus trees from the Lake Douglas area in the laboratory
experiment but not in the nursery experiment. There was no difference between
these classes of trees from Frenchmanrs Pond in either experiment. The seed
from the Frenchmanfs Pond area had statistically higher germination than that
from the Lake Douglas area. Soil and foliage samples from each tree were also
analyzed. These results indicate that the soils under ordinary trees were
poorer, but not significantly so, than those under plus trees for organic
carbon and total as well as available N, P, K, Ca and I"1g. Sirnilarly in most
cases the needles of ordinary trees were lower, but not significantly so, than
those of plus trees in N, P, K, Ca and Mg. Thls indicates possible genetic
superi-ority of the plus trees over ordinary trees.

Repeatability and variation of the characters of cone morphology
were studied to estimate their heritability and whether they can be used as
criterj.a for selection of plus trees. The results indicate that, though most
of these characters have high heritabillty, they cannot be used for selection
of plus trees.

BALSAI.{ FIR, ABTES BALSAMEA (L.) MILL

Two provenance experiments were started in 1961 to test the hypothe-
sis that the characteristic of early fast height growth and its subsequent
retardation observed on the Avalon Peninsula and adjoining areas is genetic-
ally controlled. These experiments, which are located at Salmonier in the
Avalon Peninsula and at Cormack in western Newfoundland, were remeasured in
the fall of. L970. Four provenances were used in each experiment, viz., those
of the Avalon Peninsula and Sandy Brook in Newfoundland and Acadia and Saint
Johnts County in New Brunswick. Though the Avalon Peninsula provenances have
the best form at both locations, the differences in height growth are not
statistically signif icant.

TRE}tsLING ASPEN, POPULUS TREMULOIDES (MICHX.) AND HYBRID AND EXOTIC POPLARS

An experiment was started in L972 to determine the suitabiliEy of
some selected hybrid and exotic poplars j-n Newfoundland in comparison with
phenotypically superior clones of native trembling aspen, and to determine
whether genetic differences exist among the selected phenotypically superior
clones of local trernbling aspen.

Cuttings of 40 hybrid and exotic poplars and some clones of native
trernbling aspen received from the Southern Forest Research Station of the
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Ontario Department of Natural Resources, Mapler Ont., were planted in the
Pasadena nursery in western Newfoundland on June 2, 1972. Survival in 1972
was very good. 0n1y two clones, vlz., A.547 (Populus alba) and DN.41 (P.
euronerLeqrla)t both originally from Grand Fa1ls, completely failed. Only
five of the remaining clones had less than 50 percent survival. These were
CAG.25 and CAG.118 (P. eqnescens) x (P. alba x gz,andidentata) from Toronto,
c.A. 87 and G.A. 88 (P. gnmdidentata x alba) and A.T. 42 (P. alba x
tremuloides).

The 40 clones were grouped into five rnajor classes, with mean heights
after one growing season as follows:

Name Mean height
(in. )

2L.7L

18.60

Populus tnerruLoi.des

DN (P. euramerLeana, 7 cultivars and 2 clones
JACKII (P. jaekii x tacqnahaca x deLtoides and P. balsunLfez,a

x deltoides)
IH (P. eurunerieana), Italian hybrid
CAG [P. caneseens x (aLba x gz,andtdentata)7

18 .41

13.86

LL.92

On the basis of studentsf ttttt test, all the classes except DN and
jaekii are significantly different from each other in height growth.

Root sections were collected from the phenotypically best tree in
each of 23 selected phenotypically superior stands of native treurbling aspen
in Newfoundland. Age, height and dbh of each tree were measured. The root
sections were kept separate, by trees, in polyethylene bags packed in wet peat
msss after treatment with Captan. It had been planned to initiate experiments
in 1972, but this was irnpossible owing to difficulties in preparing a green-
house. It was therefore necessary to keep the sections in col-d storage over
I4tinter.

RED SPRUCE, PTCEA RUBENS SARG.

A 30-provenance, 1O-replicate experiment in randomized compl-ete-block
design was laid out in 1964 in the North Pond Experimental Area in east-
central Newfoundland. Of the 30 provenances used, 27 were obtained from the
Maritime Provinces, two from West Virginia and one from Maine, in the United
States. The planting stock of 2 * 2,seedlings supplied by the Maritime Forest
Experiment Station was used. The results of the first measureuents are being
published in an information report and are sumnarized as follows:

Survival

1. Survival is very good and only occasional trees in the four-
tree plots have died.
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Height

2. The mean, maximuru and mini-mum treights in the fall of L972 were
ILI.2, 1-39.6 and 93.8 cn respectively. This height growth com?ares favorably
with the average growth of 1-28 cm at the age of. L2 years in the northeastern
United States (Fowells 1965).

3. The four best provenances are from New Brunswick and the four
poorest are from the southern sources, viz., southern New Brunswick, Nova
Scotia, Maine and West Virginia. Table 2 shows the relative performance of
these provenances.

TABLE 2. RNLATIVE PERFORMANCE OF TTIE FOUR BEST AND TIIE FOUR POOREST RED

SPRUCE PROVENANCES IN T972 FAJ,L

Provenance

Percent of
Ileight p1-antation
(cn) mean

L4. Upper Blackville, N.B.

1-6. East End, Maritime Forest Experiment Station,
N. B.

17. Bolme Road, Sunbury County, N.B.

15. Rocky Brook, York County, N.B.

11. Cannaan Mountain, !J.Va.

10. Economy River, Colchester County, N.S.

26. Penebscot Forest Experiment Station, Maine,
U. S.A.

25. lJest of Great Salmon River, Saint John County,
N.B.

1_39.63 L26

138.88 r25

130.35 LL7

122.95 111

96.35 87

95.88 86

94.5s 8s

93.78 84

Note: l-. Plantation mean height = ffl.2I em.
2. The four best and the four poorest provenances ane not signifi-

cantl-v different fnom each othen.

4. Variance among provenances within replications is significant
at the 0.01 level, indicating a strong provenance x replication interaction.

5. Though considerable within-plot variation is noticeable and has
been found to be statistically significant in 12 plots, it does not appear
to be caused by introgressive hybridization with black spruce. Trees in
these plots, scored on the basis of the criteria of Manley (1971), did not
show positive evidence of hybridization.
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6. following geographlcal patterns of growth are noticeable:

The New Brunswick provenances are faster-growing than Nova
Scotia provenances.

Within New Brunswick the inland provenances are faster-
growing than those on the southern coast.

There is no significant difference between the northern and
the southern provenances within Nova Scotia. However' among
the northern provenances those from the coast of the Bay of
Fundy are faster-growing than those from the coast of the
Gulf of St. Lawrence. This difference tends to be reduced
with age.

1.

t_4.

1l_r_.

iv. There is no signifieant difference between the provenances
from the two coasts of the Bay of Fundy.

v. There is no significant difference between the provenances
from the southern coasts of New Brunswick and Nova Scotia.

Root-collar Diameter

7. The uean, maximum and minimum root-col-lar diameters are 3.7,
4.2 and 3.0 cn respectively. 0f the four best provenances two are from Nova
Scotia and two from New Brunswick and, of the four poorest ones, one is from
New Brunswick, two are from Nova Scotia and one is from Maine.

8. The onl-y geographical pattern noticeable is that the provenances
from inland New Brunswlck are superior to those from its southern coast.

Phenology

9. The dates of commencement of bud setting of the four fastest-
growing provenances are September 8-18 which are appreciably earlier than
September 20, which is the mean date of fall frost for Gander, the nearest
meteorological station. It therefore appears that these four provenances
may be most suitable for east-central Newfoundland.

SITKA SPRUCE, PTCEA STTCHENSIS (BONG.) CARR.

The Sitka spruce, Ptcea sitehensis (Bong.) Carr., provenance trial
was continued at nine Locati-ons. The seedlings were tallied for damage due
to winter desiccation in the 1970-71 and I97L-72 r^rinters in locations where
this darnage was appreciable. Where present, the damage was always observed
on the portion of the seedlings above the show, but no seedlings were kiLled.
Tables 3 and 4 sho$r the percentage of seedlings damaged in the 1970-71 and
L97L-72 winters respectively.
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TABLE 3. SUMMARY OF I^IINTER DAMAGE TO SITIG SPRUCE IN 1970-71 WINTER

Tes t
location

Latitude Longitude
(N) (I,J)

Percent Provenances with highest
seedlings percentage of damaged
damaged seedlings

Roddickton

Sandy Brook

Crabbes River

Sheffield Lake

New Bay Pond

Big Falls

Little George's
Lake

50056 '

49" 46'

4g "09'

49"2r'

49"L3l

49"16'

49" 461

56"Lz',

56"01 |

5g "38'

55 035 |

55 034'

57 " 0gl

58"01 r

20.4

L2.5

7.2

6.3

15.5

16.1

11.9

54 (7 47") ,

3(ssz>,

L8(732),

54(547"),

18 (562) ,

54(342),

L8(597"),

L8(457"),

54(607.) ,

18(487"),

s4 (477")

L8(247">

30(3ez)

3L(257")

30(257.)

30(342>

3(4LZ), L8(257.)

TABLE 4. SI]MMARY OF WINTER DAMAGE TO SITKA SPRUCE IN 1971-72 I^IINTER

Tes t
location

Latitude
(N)

Percent
Longitude seedlings

(w) damaged

Provenances with highest
percentage of damaged

seedlings

Roddickton

Sheffield Lake

New Bay Pond

Sandy Brook

Big Falls

Crabbes River

Little Georgers
Lake

50"56'

4go2L'

49"L3l

48" 46'

49"16l

48" 08'

56"t21

56"351

55034'

56 0 01'

57 " 09',

58"18 '

>75.0

57 .7

56.8

56.2

39 .8

35.7

Negll-
gible

damaged

30(662)

30 (802) ,

32(777.),

s4(sez),

:

s4(432),

Most provenances

L8(927"), 54(8rZ),

38(847") , 18(822),
32(7 6Z)

31(B8Z), 3(812),
L8(772)

L8(7LZ), 38(657"> ,
30(567.)

18(592) , 32(472),
30(422)

49" 46' 58001 r
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The four provenances most severely damaged in the L970-7L winter
were nos. 3, 18, 30 and 54. They are all from the states of Washington and
Oregon, with latitudes between 48'50' N and 44'46' N. These and three addi-
tional provenances, viz., nos. 31, 32 and 38, suffered the highest damage in
the 1971-72 winter. These three provenances originated on the Queen Charlotte
Islands, where they were adjusted to maritime climate, albeit ln the more
northern latitudes of 53o to 54o N.

The mean temperatures from December to March were 1 to 6 degrees
lower than the average at all these locations except Roddickton in the L97O-71
winter and 3 to 9 degrees lower than the average in the L97L-72 winter. A11
locations had several days with temperatures above 42oF when the parts of the
seedlings above the snow cover suffered from wl-nter desiccation.

Though Roddickton did not have an unusually severe winter in either
of these 2 yeats, the normal wlnter there is perhaps too severe for all these
provenances. In this area the temperature falls below 42"F about October 4
and winter minima range from -10oF to -25oF.

Mortality due to Az,mi.LlayLa melLea
was noticed and tallied at five locations in
summarized below:

Location
Sandy Brook

Crabbes River
Big Fal1s

Sheffield Lake

New Bay Pond

(Vatrt. ex Fr. ) Kununer root rot
f.aLI 1972. The results are

Percent mortality
15 .0

L3.7

7.4

4.5

6.6

Analyses of variance and Duncan's multiple range tests showed that
all provenances r{ere equal-ly affected at all locations except at New Bay Pond,
where provenance 4 from Bella Coola, B.C., suffered the highest mortality,
20 percent. The effects of this disease will be kept under observation.
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TREE BREEDING AT THE I'{ARITIIES FOREST RESEARCH CENTRE,

1971 mo 1972

D.P. Fowler, H.G. l4acGillivray, S.A.M. Manley, and J.M. Bonga

Canadi.an Forestry Sewiee
I'h.riti;res Fopest Research Centze

Frcderieton, Neu Bmtnsuiek

INTRODUCTION

The objectives of the tree improvement work at the Maritimes Forest
Research Centre are:

1. To determine the level of genetic inprovement possible with promising
native and exotic genera and to provide the provincial governments and
industries of the region with the information and breeding naterials
required to att.ain a realistic l-evel of improvement in materials used
for reforestation.

2. To assist the provincial governments and j.ndustries to establish and
execute programs leading Lo the use of genetically superior trees for
reforestat ion.

3. To provide information on the role of genetic variations in the behavior
of wild stands, particularly as it relates to such problems as the sPruce
budworm.

Since Lg7O, the }daritimes Forest Research Centre has participated
in a number of contracts in applied aspects of tree improvement with the
provincial governments of New Brunswick and Nova Scotia. The objective of
these contracts is to stimulate the provincial organizations to undertake
meani.ngful programs in applied tree improvement. With the aid of these
conLracts in 1970 and 1971, the Province of New Brunswick started a Program
of plus stand selection in black spruce (Pieea nwriarn). About 40 very good

stands have been located and reserved as seed production stands. As soon
as it is possible to obtain seeds, progeny tests will be established to
determine which stands are genetically superior. These stands will be used
as general purpose seed sources for reforestation.

In 1972, a contract with the Province of New Brunswick was under-
taken for the selection of plus trees of black spruce. Seeds from these
trees will be used to establish a seedling seed orehard. To date, 37 plus
trees have been selected. Since the first contracts were undertaken' the
province has retained the services of a professional forester and provided
him raith technical assistance to work on applied tree improvement. These
prograns now include sirnilar st.and and tree selection work on jack pine
(Pinus banksi,arn) and white spruce (Pieea glauca) .
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In 1971, Dr. S.S. Sidhu accepted a contract to develop criteria and
methods for the selection of white spruce stands in Nova Scotia. A report
(Sidhu 7972) raras prepared on the work. The work on stand selection was
continued, under contract, in Nova Scotia in 1972. The 1972 contract assist-
ed in stand selection with nine important native and exotic species. A
total of 101 stands were selected for further evaluation. A report on this
work is being prepared for publication by R.E. Bailey of the Nova Scotia
Department of Lands and Forests.

A position for a reforestation and applied tree improvement consul-
tant has been approved and it is hoped that it will be filled during the
suurmer of 1973.

BREEDING AND BREEDING SYSTEMS OF FOREST TREES
D.P. Fowler

The objectives of this study are: (a) t.o determine the existing
potential genetic variability of promising native and exotic species and
(b) to provide infornation and breeding naterial that will rnake possible the
rness production of genetically improved trees for the region.

Because of the present importance of Pieea species and the potential
importance of Inris species and hybrids for reforestation, work has been
concentrated on these genera. Some work on Pinus specles has also been
undertaken.

Pieea

The hybrid Pieea omo?ica x P. nariana (and reciprocal) has proved
to be the most promising spruce hybrid thus far under test in Lhe region.
Early field t.ests indicate that this hybrid has the good juvenile character-
istics of black spruce and considerably better diameter growth. In L972,
an attempt was nrade to propagate selected individuals of this hybrid by
stem cuttings for wider testing in the region. In addition, the cross P.
nnri.ana x P. omorLea was mede on a large scale in I97L and L972 f or this
same Purpose. The success of this cross, on the basis of past experience,
was much Poorer than expected - possibly because of pollen of low viability.
A number of exploratory crosses were also attempted in L97L arrd L972. This
work is sunmarized in Table 1.

A second attempt was m:de in 1971 (see Fowler et aL. L97L) to assist
J.D. Irving Ltd. develop a clonal seed orchard of P. r,u.y,inna. Cuttings from
48 young trees, selected in Lrving plantations were rooted. About 11800
rooted cuttings are at present in uhe nursery and will be ready for planting
in the fall of 1973.

Forty plus trees of l{.rrriray spruce (Pieea abies), which range from
11 to 17 in. dbh and 70 to 90 fc high at age 55 were selected. These will
be grafted in 1973 and will be used to establish a clonal seed orchard of
this species.
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Iarrb

The objective of the larch improvement work is to select or develop
superior stralns of species or hybrids for use in the region.

Ivlost European larch (L. deeidua) and Japanese larch (L. Leptolepis)
and their hybrids are susceptible to early fall frosts when raised in
nurseries in central and northern New Brunswick. Native larch (L. Tnrieina)
and Siberian larch (L. si.ber.iea) are more tolerant of fall frost. Betrdeen
1968 and L97O, many attempts r,rere rnade to cross Z. lnrieina with Z. decilua
and .t. lnptol.epis. : These crosses proved fairly dif f icult although by no
means iutpossible to make. The hybrids from these crosses are being tested
at, present. In 1971 and L972, L. siberiea was used as pollen parent on
selected L. dee'idtm, L. Tzptolepis and .[,. 'lntieina in an attempt to produce
frost-resistant species hybrids. In addition, a number of exploratory
species crosses were attempted. The results of this work are presented in
TabLe 2.

TABLE 2. RESULTS OF CONTROLTED IA,RTX POLLINATIONS 1971 AND 1972

l{aIe parent

Fenale
parenL

L. L. L. L.
deeidun occil,entali..s siberLu genelini

L. deeidua 7 3 L4 1
8(223) 3(192) 30 (1,106) L(29)

22(4,9L2) 1.s(286) 2L.L(23,340) 22.3(647)

L. Tnrieina 18 20
13(1,338) 4(1,545)

.2(222) .01(13)

L.kptolepis 4 2 11
4(78) 1(6e) 11(18e)
3.7(292) .4(28) s.8(1,102)

L. Tnni,eirnx 2 3
TeptoT.epis 2(30) 4(31)

8.5 (2s4) 1.7 (s3)

7 Number tnees pollinated
8(223) numben cnosses yielding full seeds (numben cones)

22.I(4r9I2) Numben ful-l- seeds,/cone (numben full seeds)

One of the most promising larch hybrids beJ-ng tested in the region
is @. Tnri,cina x L. Leptokpis) x tr. deeidtta. Seed-set from this cross
has been fairly high and seedling growth has been exceptional. The phenology
of flowering of the hybrid and that of Z. deeidua are similar enough to
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Prd-uce the three-way hybrid i-n seed orchards. Materials are at present
being propagated'for the establishrent of such an orchard. In this orchard,
one clone of the hybrid will be established with several selected popula-
tions af L. deeidua, wtrich will senre as the pollen parent.

PbaB

Red pine (Pirus tes'i,nosa) has proved to be extremely difficult to
cross with other species . P. re.si.nosa and P. tropi.cali.s'are the only two
American species of the Lar.bi.ones group of pines. No attempts to cross
these species have been reported.

Dr. P.W. Garrett, U.S. Forest Servicer'provided pollen to nake this
cross in the spring of L972. A total- of 433 ovulate flowers on nine P.
resi*zrea rere pollinated virh P. tropialis poJ-len.

PROVHTANCB AITD PROGENY SI'TIDIES
H.G. llacGillivray

Trees for two studies in Nornay spnrce were spring-planted in L972.
The first conslsted nostly of provenances and single-tree progenies from
Yugoslavia -and Bulgaria. This naterial was established in randomized blocks
at the Acadia Forest Experlrnant Station in New Brunswick and in a milder
clinatic region in southwestera Nova Scotia, In the forner location, the
progenies rere kept separate, but in the Nova Scotia plantation the progenies
fron each general area rere mixed and treated as provenances. Surplus trees
rere planted in Nova Scotia by the provincial Department of Lands and Forests
in rmreplicated obsenration plots.

The second Norway spnrce study consisted mostly of t.rees from seed
collected in pLantations along the New Brunswick coast of the Bay of Fundy
ond from one plantation at the Petavawa Forest, Experiment Station in(htario. The nain purpose was to learn if the plantations in the relatively
mild corastal clinate along the Bay of Fundy would be suitable as seed sources
for central Nes Brunsvick. A replicated test was planted at Acadia, and
surplus trees rrcre planted in observation plots in the west-ceotral part of
tJre province. Native rhite, red (P. nftens), and black spnrces were included
in both Nomy spruce studies as controls.

The all--range black spnrce nursery study, spring-sown in 1971, was
asured for first- and second-year tree heights in October L972. These

data' vith rei8Fts for full-clean seeds and cotyledon numbers, are being
coryiled. Prelirninary coryilations indicate that the most northern prove-
rrances vithin each of 1O bands of longitude were generally the slowest
gr(rers in the nurserT test. In the band of longitude including most of
Iabrador, eastern Quebec, the ldaritime Provinces, and most of l{aine (60" -
7Oo lmgitude), the heig[t growth pattera appears to be more or less random.
Desides thi,sr uhen ranked accordl.g to average Z-year heights, most of the
Nova Seotia proveuances placed in the lwer half. Hybridization with red
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spruce nay be a factor in the growth of sorne New Brunswick provenances. The
poorness of the seed years when many Nova Seotia and New Brunswick cone
collections rdere urade suggests that inbreeding, caused by self-pollination'
rnay be another factor

Survival and tree heights were recorded for two seed-source studies
in balsam fir (Abies balsanea) and one each in white spruce, Norway sPruce'
red pine, and Douglas-f ir (Pseudotsuga rrcnzi.esii,). Damage caused by the
European pine shoot moth was recorded for one of the red pine test planta-
tions on Prince Edward Island.

Trees with bluish green foliage and good natural density and profile,
'factors desirable in Christmas trees, were produced by some Newfoundland
provenances of balsam fir that were outplanted in New Brunswick in 1961.
Since then, other seed collections have been nade from these sane general
areas. To date, ttre Zt2-year-old trees in the nursery from these colleetions
have not exhibited any striking color differences from the controls. Greater
maturity may be required before the bluish green of foliage develops. The
differences in foliage color occurring in the 1961 planLations lrere not
noticed until the trees had been outplanted for at least 2 years.

GENECOLOGY OF RED AI{D BIACK SPRUCE

S.A.M. l,Ianley

Although the present distribution, ecology, and physiology of red
and black spruces suggest that each species evolved in distinct niches,
hybrid colonies are considered to be cornmon in their overlaPping range.
Preliminary analysis of the genecology of the two species indicated that
hybrids r^rere restricted to intermediate habitats, while parental species
were rnaintained as pure phenotypes in their preferred niches.

The objectives of the research are to determine the nature and

rel-ative importance of factors (i.e. isolating mechanisms) that prevented
the forrnation of a species complex in the zone of symPatry.

Incompatibility barriers, even weakly developed, could restrict
gene exchange. Controlled pollinations were useid to evaluate the cross-
compatibili-ty among red spruce, black sPruce' and natural hybrids. The

actual frequency of natural hybridization, before selective adjustment
at the seedling stage, was esti-mated by analysis of progeny grown from seed
collected in adjacent populations of pure red and black spruces. Hybrids
were identified from measurenent of growth responses and morphology and from
comparat ive enzymology.

Natural selection mey also enforce species differences through
ecological isolating mechanisms that operate after the formation of hybrids.
Progeny obtained from controlled pollinations ldere grown under uniform
conditions in growth chambers and in the field to compare the fitness of
hybrids relative to parental species. Controlled environment exPeriments
were directed at partitioning the effect of important gro\^tth variables such
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as light, temperature, and moisture. In the field, replicated saryles of
the progeny were established in each parental habitat. Field experiments
indicate the slmergistic effect of the environment and provide a realistic
tIpasure of natural selection.

In addition to determining the strength of reproductive isolating
mechanisms in controlled experiments, a field survey was undertaken to
determine the effectiveness of the isolation in natural populations. The
presence of an internediate habitat llpy resul.t in hybridization because of
a breakdwn in ecologic-al isolation. The field survey ms conducted in
New Brunswick, Nova Scotia, and Prince Edmrd Island, shere, the admixture
of boreal and temperate enviroments pernits a:tensive sJrqratry of the two
species. Natural populations rere analyzed by means of hybrid index tech-
niques with the objective of quantifying the frequency of natural hybridiza-
tion.

A rmique contribution to evolutionary theory sill be nade if the role
of the yarious isolating mechenisms contrihrting to sjrqDatric coexistence
are quantified by these data.

TISSTE AIITD ORGI\N CIIIIII'IE
J.lt. Bonga

The production of hoozygous lines and the subsequeni gaossing of
these lines to produce. heterotic hybrids has been successfully used as a
breedrng technique yith agricultural crops. Because of the long period
betreen generati.ons, trfu re.thod has been avoided by most tree breeders.

For sore agricultural- crops, in particular tobacco, -pl-oid tissue
culture is being used rortinely to develop new homozygous lines. Ilith this
fgchniqgs, haploid adventitiqrs embryos are obtained from immature pollen.
B5r colchicine or other treatrent, these. eillrrTos are then turned into hmr
zygous diploid plants. If this technique could be applied to forest trees,
the long period required to produce homzygorc diploid trees through in-
breedinB cqrld be circrnvented.

These considerations have led to the follosing experirents3

Tissue cultures rere prepared of haploid microgaretophytes of Ff*ats
tesinwa and regagaretoph5rtes of Pints atstrtaa., Pirae ftugo, afr Piw, o,biles.
Rapidly grming haploid callrr.c sses rere obtafud, rrhich ars being sub-
cultured at regular intervals. Sme of these calluses formd proenbryel.ike
stnrctures. AtteqDts are beihg mde to gra these into seedl-ings.

Vegetative propagation of conifers is often diffieult Fith corwen-
tional techniques- Nerl ter'lrniques shqrld therefore be developed. At present,
re are atteqlting to root conifer buds on mrtrient Edia "nder aseptic
conditi-ons. Aseptic techniques have the advantage of aaloving appl-ieatim
of root-timrlating organic chenrical,s, Ehich rqrld decorqrooe under nor
aseptic cmditims.
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Buds of Abi.es fu,Lsanea have grown into short shoots with a good
callus at. the base. However, they have not produced roots so far.
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NM BRUNSWICK TREE IMPROVEIENT PROGRAI4

T.S. Murray

Neu Brtntsuiek Depaytment of Natural Resouz.ces
Eredey..tcton, Neu) Bm,tnsuick

The purpose of
progress of the program

INTRODUCTION

this report j-s to give
since its inception in

a general outline of the
1970.

PROGRAMS BACKGROUND AI{D DEVELOPMENT

Information from provenance tests and existing plantations suggest
that black spruce (Picea nnriana) is one of the most adaptable and versatile
species for reforestation in New Brunswick. Both the province and industryare planning rnajor increases in their planting programs in the next few
years. Sufficient variability exists in the species to justify considerable
effort toward locating the best sources of seed and cultivating them.

In vi-ew of these considerations the federal and provincial govern-
ments, during 1970 and L97r, cooperated under an agreement to identiiy,
locate and map superior stands of black spruce for seed production areas.
In L972' they cooperated under an addltional agreement to select and tabulatepertinent information of individual plus trees in the selected black spruce
stands. Aid was supplied to the provincial government in the forn of iunds,
training and guidance throughout the project.

The project work described under the previous contracts will be
conti-nued and expanded to other important species such as jack pine (pinus
banksiana) and white spruce (pieea gT.auca) .

PROGRAM PROGRESS

To date, 4l stands of black ,spruce and 13 stands of better-than-
average jack pine are reserved from cutting. From within the 4l stands ofblack spruce' 37 plus trees have been selected and duly tabulated. This
work will continue in 1973. During a year of a moderate to good seed crop,
seed will be collected to establish a progeny test from which a seedling
seed orchard can be established.
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STUDIES IN MEE BREEDING
AT THE FACI.JLTY OF FORESTRY
[.NIVERSITY OF NE},I BRUNSWICK

G.R. Powell

Faculty of Fozesttg
Ilniuensity of Neu Brunsuiek
Fredez"Leton, Neu Bmtnsui,ek

ACADEMIC

James F. Coles is working toward a M.Sc.F. degree in forest genetics
under the supervision of Dr. D.P. Fowler (Honorary Research Associate) and
Dr. G.R. Powell. His thesis topic is ttPopulation structure of white spruce".

REPRODUCTIVE DEVELOPMENT OF BALSA}T FIR

Research aimed at elucidating the relationship between reproductlve
and vegetative developmenL in the upper crown of mature balsam f,ir (Abies
balsamea [t. ] Mill, ) has been under r,ray at the University of New Brunswick
since L964. Seed years occurred in 1964, L966 and 1968 and provided nany
data. Since 1968 the increasing incidence of spruce budworm (Choristoneuz'a
fumifezvna lClem.]) defoliation and resultant loss of crown have led to the
curtailment of work on this project. The spruce budworm has not only an
indirect effect on megastrobilus production through destruction of foliage
and young shoots but also a direct effect, killing large numbers of
megastrobili by girdling them at their bases before vegetative buds burst
(Powell 1973).

Early work was concentrated on strobilus development (Powell 1970a) t
seed producti-on, seed maturation and strobilus color. This was followed by
emphasis on intrinsic morphological, developrnental, positional and concurrent
growth factors affecting seed production and seed-year periodicity (Powell
1970b). This involved study of lateral-bud initiation and development and,
particularly, formation of latent buds that have been shown to be important
in the periodicity of flowering in Pseudotsuga nenziesii (Mirb.) Franco
(Owens L969, A1len and G^rens L972).

Balsam fir has a tendency toward biennial bearing. There is a
distinct separation of megasporangiate and microsporangiate zones in the
crown (Morris 1951, Powe1l 1-972). Megasporangiate, microsporangiate and
vegetative lateral buds are readily distinguishable by norphology' numbers
per shoot and position on the shoot. For these reasons the species appears
to be ideal for the study of physiological factors associated with the seed-
production process. Such study will forn the main thrust of future work in
this project.
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FOREST TECI.INICAL EDUCATION IN FINI.AND

D.A. Fraser

Department of Geognaphy
Siz, @orge Willians Uniuersity

Montreal, Quebec

My visit to Finland in
mison d|6tte for the trip - an
isotope techniques in forestry
agencyts representative to the
first part of ny trip.

the sumner of L972 had two phases. The
assignment from the FAO/IAEA to teach radio-

to an international group and to act as the
course - occupied most of the time during the

During the second part, I was given special opportunity by the
Finnish Forestry Service to examine their government-sponsored technical
training program (some of these schools had been visited during the training
course). The schools are located in all sections of Finland, but their
courses vary in purpose and intensity. Of particular interest were the two
programs specializing in the operation of heavy equipment. One of these,
at Rovaniemi on the Arctic Circle, has had students from foreign countries,
e.g., Algeria. This is possible because of the use of both French and
English as languages of instruction and it is understood that some Quebec
companies ur,ay avail themselves of these services.
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IMPROVEI.4ENT AT THE BERTHIERVILLE, SUEBEC,
FOREST TREE NURSERY

Yves Lamontagne

Quebee Departnent of Iands and. Forests
Pt ouineial Fozest Ttee Nuz'sery

Berthi.eruille, Quebee

INTRODUCTION

This is the first biennial report presented to the Cornmittee by the
personnel of the Provincial Forest Tree Nursery, located at Berthierville,
Que. Since most tree improvement work is just beginning here, only a short
description of the unterials and methods used and some preliminary results
are given. More detailed results will be presented in future rePorts.

PROVENANCE TRIAIS

Norwav Spruce (Picea abi.es fL.f Karst.)

Eleven provenances from France were ouLplanted at four different
locations in Quebec in the spring of 1972. Observations will be made in
the fall of L973 on survival and growth. The seeds were obtained through
Dr. Louis Parrot of Laval University. The planting was done by the Research
Branch of the Department of Lands and Forests.

In another trial, seeds from 26 provenances were sown i-n the fall
of. L97L with four replications. Twenty-two provenances were provided by
I"Iark Holst (Exp. No. 349-D), and four provenances from Quebec hrere included
as checks. The number of cotyledons and the total height at 1-0 were
recorded frorn 10 seedlings per replication. It was found that number of
cotyledons was negatively correlated to latitude (r= -.817**) and to
longitude (r= -.558**) of the seed source. Also, seedlings having more
cotyledons r^rere taller after 1 year of growth. The mean number of cotyledons
varied from 7.0 to 8.5, and total height fron 20 to 79 nm. Other observations
on growth will be recorded during the two coming years in the nursery. Out-
planting is planned for at least four locations in the province.

Wack Sprtce (Picea nari,ana lMlil-I.l B.S.P.'t

Eight provenances frou Quebec were outplanted at three different
locations in the spring of 1972.. Observations on survival and growth in
the field are planned for the f.aLI 1973. The planting was done by the
Research Branch. At age 5 (2-3) in the nursery, total height was measured
but could not be related significantly to any geographic data of the seed
source.
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lJtrite and Engelmann Spruces (Pieea glnuea [Moench] Voss and P. engelnnnni.i
Parry)

Seeds from 24 provenances from British Columbia and 1 from Quebec
as a check were sown in the fall of. I97L in four replications. The British
Columbia seeds rrere provided by Dr. Larry Roche. The number of cotyledons
and the total height growth at l--0 were recorded from 10 seedlings per
replication. Conputations are being completed.

Blue and Eneelmann Spruces (Pice a, punqens EneeLm. and P.. enqelnannii Parrv)

Dr. James W. Ilanover sent us 44 sources of blue and Engelnann sPruces
for a trial in Quebec. The seedlings, received as 2-0, were transplanted in
four replications in l.[ay L972, No observations have been rnade yet. ]Jhen
large enough, the seedlings will be transplanted to selected areas in Quebec.

Scots pine (Pirrus suluestris L.)

A test with four sources from France, one from Spain and one from
Poland was outplanted in the spring of L973 at three locations in Quebec by
the Research Branch. Observations will be made in the fal1 of 1973 on sur-
vival, grorrrth and color of needles.

Dous,Ias:fir (?seudotsuqa tanifoLi.a lpoir.T Bij:tt.\

Seeds from 12 sources in British Columbia and the western United
States were sown at the Berthierville nursery. At age 5 (2-3) all seedlings
from Washington, Oregon and Colorado had frozen. Some seedlings from
California also suffered from frost. The resistant sources were outplanted
in the spring of 1972 by the Research Branch, at six locations throughout
Quebec. Observations are planned in the fall of 1973 on survival, growth
and color of foliage.

PROGENY TESTING OF I,TTIITE SPRUCE

Seeds were collected frorn five individual trees in each of 26

locations throughout the range of white spruce in Quebec. The weight of
600 seeds rdas recorded and the number of cotyledons counted, and total
height at 1-0 was measured for 10 seedlings in each of the four replications.
Computations are not yet all cornpl'eted. Preliminary results indicate that
the mean weight of 600 seeds is negatively correlated with longitude and
positively with the mean number of cotyledons. Seedlings frorn higher
latitudes had more cotyledons, and those from southern latitudes were taller
when grown at Berthierville.

These seedlings will be outplanted in selected locations in Quebec'
and the best families will be vegetatively propagated in seed orchards.
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SEEDLING SEED ORCHARDS

In the fall of L972, superseedlings were selected from the beds of
12 provincial nurseries. To be iccepted, ihe candidate had to be 1* tines
higher than the uean of the eight tallest seedlings found in a circLe 24
inches in diameter around the selected seedling. Depending on the provenance
of the seeds, the Ir6L4 selected seedlings will be outplanted with their
checks at five locations in Quebec. We plan to make observations in these
plantations until the trees begin to flower and then to thin them out to keep
only the original selected seedling for seed produetion. The screening of
nursery beds for superseedlings will continue in the fall of L973. The
selection is made for all coni.fer species grown in the nurseries.

PLUS-TREE SEI,ECTION

It is hoped that a plus-tree selection program will be started this
year. Pertinent instructions have been written and will be distributed to
the personnel in the various regions of the province. Crews will be
organized to screen selected stands and search for plus-trees. Both scions
and cones will be collected from these trees and grafted or sown at the
Berthierville nursery.

GLOSSARY

A glossary of technical terms used in tree improvement has been
prepared for distribution to the personnel in the administrative regions
who will collaborate in this work. A French definition is given and is
followed by an English equivalent.
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AV1ELIOMTION

AU SERVICE

DES ARtsRES FORESTIERS

DE I.A RECHERCHE DI.'

MINISTERE DES TERRES ET FORETS DU OUEBEC

G. Va116e, C. Chouinard,
A. Stipanicic et D. Robert,
de l-a Section de g6n6tique

INTRODUCTION
(c. vatt6e)

Depuis L97O, la Section de g6n6tique du Service de la recherche
du mini-stEre des Terres et For6ts a consolid6 lrinfrastructure de son orga-
nisation, surtout dans la mise en pl-ace du r6seau de secteurs exp6rimentaux
pour lfam6l-ioration des arbres forestiers (arboreta), tel que pr6vu dans le
progranme pr6sent6 en L969 (1)1. Ainsi, 13 secteurs ont 6t6 ouverts pour
les plantations comparatives et d6jb des organlsmes tels que le Service
canadien des forGts et la Facult6 de foresterie et de g6od6sie y ont
insta116 des dispositifs.

Des contacts ont 6t6 6tablis avec des organismes canadiens pour
des 6changes de mat6riel blologique afin de b6n6ficier de lrexp6rience
acquise. Nous remerci.ons tous ceux qul ont coop6r6 et nous ont conseill6s
dans nos travaux.

Les efforts de la Section ont port6 surtout sur ltam6lioration
des peupliers, lrintroduction drespEces exotiques, lfam6lioration du genre
Laa"i,q et lr6tablissement des secteurs expErinentaux (2). Dans le cas des
peupliers, 1a Section a jou6 un r61e c16 en participant trEs activement aux
travaux de recherche et de d6veloppement en populicul-ture (3) r6alis6s au
Service de la recherche du ministEre des Terres et Forats et en distribuant
les cl-ones gutelle a s6lectionn6s i la suite des pl-antations comparatives
clonales qurelle a r6alis6es depuis L969.

MM. C. Chouinard (4) et A. Stipanicic (5) ont fait des stages
de perfectionnement i la Station dra6lioration des arbres forestiers du
Centre national- de recherches forestiEres, France, en L97L et I972 respecti-
vement. La Section continue de recevoir les graines des espEces de la c6te
ouest amEricaine r6co'l t6es par le Working Group on Procurement of Seed for
Provenance Research de ltlnternational Union of Forest Research Organization
(ruT'Ro).

ll,es nun6ros entne panenthbses r:envoient A la Bibliognaphieo page 70.
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coMrrf DE REcHERcHE EN cflrfrrquu ronrsrrEnr
(G. Va116e, pr6sident)

Le Conseil de la recherche et du d6veloppement foresti-ers du
ministEre des Terres et For6ts a form6, en novembre L970, un cornit6 de
recherche en g6n6tique forestiEre dont le premier mandat 6tait de pr6parer
un rapport sur la populiculture au Qu6bec (6), qui a'et'e pub1i6 en 1971.
Par la suite, le Conseil a confi6 au Comit6 la pr6paration de rapports (7)
sur "Ltam6lioration du pin gristt, gui sera pub1i6 au d6but de L975, et surttl,t6tat actuel de la recherche et du d6veloppement en g6n6tique forestiEre
au Qu6bec'r, en voie de r6alisation.

Le Cornit6 est forrn6 de repr6sentants du Centre de recherche
forestiEre des Laurentides, de la Facult6 de foresterie et de g6od6sie, de
lrindustrie forestiEre du Service de l-a recherche et du Service de la res-
tauration forestiEre du urinistEre des Terres et For6ts. I1 invite aussi
tous les sp6cialistes qui peuvent l-taider dans ses tiches E coll-aborer avec
lui. A date, cette initiative du Conseil srest av6r6e trEs fructueuse, tant
sur le plan 6change dtid6es entre les membres et les invit6s du Comit6 que
pour lt6tude drun sujet partieulier.

POPULICI]LTURE
(G. Vall-6e)

Projet Sg 68-1 S6lection de clones de peuplier des sections Aigeiros et
Taeamahaca et leurs hybrides

Projet Sg 69-4 S6lection de clones de peuplier des sections Leuee et
Leueoides et leurs hvbrides

Collecti.on de clones

Au cours des deux derniEres ann6es, nous avons continu6 la co1-
lection de clones de peuplier (Populus) par lrobtention de mat6riel 6prouv6
dans des peuplements naturels. Ainsi, quelque 707 clones ont 6t6 r6unis i
la p6piniEre de Duchesnay, comprenant les espEces et hybrides suivants:

L P. alba
2 P. alba n P. grandidentata

a15 r. ALDA X Y. & CJACKLL

4 (. ALDA r y. SLeDOLd',tL
5 P. baLsanifera
6 P. r berolinensis
7 P. cu. candicans
8 P. r canescens
9 P. r canescens n (alba r gz,andidentata)

10 P. eathayana
11 P. deltoides
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12 P. deltoides eu. angulata u P. sitnonii
13 P. deltoides r P. trLeVnearpa
L4 P. t euramer,'Lcana
15 P, gnandidentata
16 P. r Jackii et r v,ollandii
L7 P. marimouiezii u P. triehoearpa
18 P. nigra
19 P. eu. 0*fond n P. eu. Andz.oscoggin
20 P. cu. Rorbuzg
2L P. simonii eo. fastigiata
22 P. tz,erruLa
23 P. tremuloides
24 P. tz"Lelaeanpa
25 P. tz"Lehoearpa r P. baLsartifena

Les secti-ons Aigei?oa et IaeanaVncd sont repr6sent6es par 641
clones, les autres clones appartenant b I-a section Leuee.

Quelque 89 clones de P. baLsanifera, 150 de P. deltoides, l-05
de P. r Jaekii et x rolLandii et 40 de P. trerm,floides ont 6t6 s6l-ectionn6s
dans des peuplements ou des r6g6n6rations naturell-es au Qu6bee. Pour ces
espEces, des variations norphologiques (fo::mes des feuill-es et des rameaux)
ont 6t6 constat6es. Ainsi, deux clones de P. baLsamifez'a, lrun provenant
des environs du parc des Laurentides au nord de Qu6bec et lrautre de Port-
Daniel en Gasp6sie, pr6sentent des rameaux rnunis de cr6tes comne le
P. trichocatpa. D'ailleurs, parmi les clones de P. baLsunLfera que nous
avons, toute la gamme de formes est repr6sent6e, des rameaux ronds aux
rameaux anguleux et munis de crGtes. P, deLtoi.des est aussi trEs variablet
tant dans la morphologie des feuilles (8 et 9) que dans la forme des tiges
des arbres. Ainsi on a constat€ que certains sujets de P. deltoides, crois-
sant b d6couvert, fourchent dEs qutils atteignent une hauteur d'e 2O i' 25
pieds environ, tandis que chez drautres, ce ph6nomEne apparait b une hauteur
de 50 i 60 pieds. Ce caractEre est trEs important dans la s6lection de
clones pour les plantations.

Tous ces clones sont actuellement observ6s en p6piniEre sur les
plans d6veloppement, r6sistance aux maladies foliaires et des tiges, ph6no-
logie et rusticit6. La p6piniEre est situ6e i la Station forestiEre de
Duchesnay d 27 rnilles au nord-ouest de Qu6bec.

Plantations comparatives

Quatre plantations couparatives comprenant de 150 a 175 clones
seront install6es au printemps de L973, ce qui Portera b 30 le nombre de
dispositifs de peupliers 6tablis i travers le Qu6bec.

Deux plantati-ons de collection de clones seront mises en chan-
tier: l'une en 1973 E I'arboretum de LotbiniEre B 40 milles au sud-ouest de

Qu6bec et lrautre en L974 au populetum de Matane avec les clones pr6sentant
une rusticit6 suffisante.
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Autrea acquisiti.ons

L la suite d'une r6colte de 45 lots de graines sur 31 P. deL-
toides, T P. n euz,amez,icana, 5 P. balsamLfez'a, 2 P. r Jackii, se1-on un axe
sud-ouest E nord-est dans 1a va116e du Saint-Laurent (de Beauharnois d

Qu6bec), quelque 50,000 plants ont 6t6 obtenus et plant6s en dispositifs de
descendance b. quatre endroits diff6rents.

De plus , 27,000 plants ont 6t6 obtenus de 26 lots de graines de
peupliers exotiques au Qu6bec, dont 13 lots proviennent drEurope, 3 du Japon
et 10 de lrontario et du Manitoba. Les espEces suivantes y sont reprdsen-
t6es: P. r eaneseens, P. ni.gz,a, P. deltoides, P. trLcVtoearyd, P. tnerm,tLa,
P. tnerruLo'Lde$, P. aLba, P. martmouiezii..

On pr6voit recevoir les graines des provenances de P. triehtoeazpa
qui seront r6co1t6es B 1t6t6 de L973 par le Working Party on Provenance of
Poplars de lrIUFRO.

Hybridations

En 1971, en col-l-aboration avec M. R. Joennoz (LO), coop6rant
frangais, 464 croisements ont 6t6 r6alis6s entre 1-2 espEces ou hybrides de
peupliers dont 140 ont r6ussi, fournissant 57r000 plants. Les croisements
ont 6t6 faits sur des rameaux floraux boutur6s en pot selon la m6thode dite
du "plangon en potrr pour les espEces de peupl-iers se bouturant bien. La
lj-ste des espEces et des croisements r6alis6s se trouve aux tableaux 1, 2,
3 et 4. Les points suivants sont E noter en ce qui regarde le succEs des
croisements:

1) Le croisement P. balsawLfera r P. deLtoides est difficile;
1 farnille a -et'e obtenue sur 38 possibles, ce qui laisse pr6sager que les
P. r Jaekii que lron trouve en forGt naturelle originent surtout du croise-
ment P. deltoides t p. balsanifera. Notons que P. deltoi.des a bien r6ussi
cortrne pollinisateur de P. cathayana en donnant 7 familles sur 7.

2) Parmi les croisements intersp6cifiques et intersections pr6-
sentant de lri-nt6rGt, il y a celui de P. alba r P. t Jackii dont Les
descendants montrent en p6piniEre un d6veloppement remarquable et une bonne
r6sistance aux maladies foliaires.

3) Le croisement P. balsatndfera r P. ni,gra cu. itali,ca a produit
des descendants dont le d6veloppenent est trEs bon et dont la r6sistance aux
rnaladies foliaires est excellente.

Une autre s6rie de croisements a -et'e r-eaLis6e au d6but de 1973
en mettant lraccent sur les hybridations infrasp6cifiques ehez P. baLsamifez'a
et P. deltoi,des r6sum6es au tableau 5.

43



TABLEAU I- EspEces et nombre de suJets utilis6s conme parents

EspEces
Abr6via-
tions

Nombre de sujets utilis6s

M6les Femelles

PopuLus alba L.
PopuLus grandidentata t{i.ctrx.

Populus tremuloides llichx.
Populus eatlngarta Rehd. (no 13)

Populus balsafifena Du Roi

Populus sirrcnii. cu. fastigiata
Garr.

Populus deltoides Marsh.

Populus nigra ets. italiea L.

Populus earteseens Sm.

Populue n Jaekii
Populus s eutanerieana
(Dode) Guinier
Populus eo. Ror;b?nV
(P. nigna r P. trtehoearya)

Poa

Pog

Pot

Poeat

Pob

Posi.

Pod

Poniit
Poe

PoJ

Poe

Poros

2

I

5

I

2

2

4

1

8

L2

1

2

l_

7

1

2

4

2

Total

Cette s6rie de croisements nta pas 6t6 un succEs car les rameaux
floraux femel-les ont 6t6 r6co1t6s trop tard D la fin de f6vrier et au d6but
de maas, ce qui a favoris6 un d6bourrement rapide en serre des bourgeons
fl-oraux et foliaires. Les rameaux ntayant pas le teurps de srenraciner selon
la m6thode du plangon en pot, l-es feuil-l-es et l-es fleurs ont s6ch6.

D6vel-oppement de la populiculture

Au printemps de L972 et de 1973, quelque 75 et 80 acres, respec-
tivement, de peupliers ont 6t6 plant6es sur.deux fermes populicol-es en voie
de r6al-isation dans la r6gion de Cabano, comt6 de T6rniscouata. Ces travaux
ont 6t6 entrepris dans le cadre de la coop6ration technique franco-
qu6b6coise dans le but de d6velopper un mode de populiculture pour cette
r6gion (9).

Les plantations ont 6t6 r6a1is6es D partir de boutures de 12
pouces plant6es m6caniquement h lraide dtune planteuse "Tractor-Mountedrl
ayant un disque de 24 pouces de diarnEtre et un socle dfenviron L8 pouces de

3425
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TABLEAU 2 SynthEse des croisements infrasp6cifiques

EspEces
Nombre de croisements

Qualit6 des
capsules et des
inflorescences Plants

obtenus

Total R6ussis Cnd Is PI

Poe t Poe

Pot r Pot

Pog r Pog

Pob n Pob

Pod r Pod

PoJ t PoJ

l_

4

3

7

27

8

0

1

2

7

10

5

0

I
1

1

13

3

2

7

20

6

3

2

I

0

22

479

4,73L

L,787

732

0Poe r Poe I

L6gende:

C: capsules dans un 6tat de d6veloppement satisfaisant.
Cmd: capsules mal d6vel-opp6es.
Is: infl-onescences s6ch6es encore attach6es au rameau.
PI: pas drinf.l-orescences, e1les ont s6ch6 et sont tomb6es.

hauteur. Les terrains plant6s ont 6t6 pr6alablement d6frich6s et essouch6s.
Les boutures sont plant6es obliquement, afin de mieux r6sister au d6chausse-
ment provoqu6 par le gel du sol, et E un espacement dfenviron 1-0 pieds x 10
pieds.

Une vingtaine de clones ont 6t6 plant6s. Ils comprenaient les
meilleurs clones s6lectionn6s par le Centre de recherche forestiEre des
Laurentides et le Service de la recherche du ministdre des Terres et For6ts.
DEs la mise en terre des boutures, une fertilisation est appliqu6e selon
les meilleurs traitements d6finis par 1es recherches faites au Qu6bec dans
ce domaine.

Un des principaux problEmes rencontr6s est celui de r6aliser
une plantation de qualit6 avec une planteuse m6canique. Vu lrenrochement
des terrains, le socle ne p6n6trait pas dans la terre, ou bien le faisait
difficilement, emp6chant une plantation profonde des boutures. Au printemps
de 1973, lr6quipe en charge de la plantation a rnodifi6 la planteuse en rem-
plagant le disque par un ttripper" (dent-sous-soleuse) q.i ouvre le sol en
poussant les roches ayant jusquri 24 pouces de diamEtre, d6fongant les cou-
ches de cailloux et coupant les racines. Avec ce systEme, une plantation de
trEs bonne qualit6 a 'et-e r6a1is6e.

DEs 1a premiEre ann6e de croissance et na1gr6 un retard de la
plantation de trois semaines sur la saison de v6g6tation, une pousse moyenne
en hauteur de 25 pouces a 6.t'e enregistr6e pour le meilleur clone. Plusieurs
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TABLEAU 3 SynthEse des croisements intersp6cifiques et lnfrasections

Nornbre de croisements Qualit€ des
i_ntlorescences

Sections EspEces
Plants
obtenus

Total R6ussis C Cnd Is PI

Leuee

Poa x Poe

Poa r Pot

Poa c Pog

Pot a Pog

Poe c Pot

Pot t Poe

Poe r Pog

Pog r Poe

Pog n Pot

2

2

3

4

l_

4

I
3

1

2

4

1

1 2

30

2

1

2

1

0

0

I
I
0

0

1

0

0

1

2 2

l_

1

TaeamaVtaea

yoD & yosL

Pocat s Pob

Poeat x Posi

6

3

1_

0

3

1

I
3

1

10,841

799

Taeamahaea-
Aigeiros Poy,on r PoJ 76s

Aigeiros

Pod r
EOA &

Poe n

Poe t

Pon1.Lx

Poe

Poe

yon1,'t-D

6

8

1

1

5

3

0

I

5

3 t_

1

4

1

428

9L9

1, 178I

autres clones ont atteint une moyenne de 20 E 24 pouces et des hauteurs
maximales de 3 i 4 pieds ont 6t6 observ6es.

La Section de g6n6tique a insta116 E la p6piniEre de Duchesnay
un quartier de 13r000 pieds-mEres pour la production de boutures E partir
des 18 neilleurs clones exp6riment6s au Qu6bec. De plus, la Sectj.on a dis-
tribu6 des boutures de ces m6mes clones i deux autres p6piniEres du Minis-
tEre pour la r6alisati-on de quartiers de pieds-mEres D la ferme de Caplan
dans la Baie-des-Chaleurs et E la p6piniEre de Saint-Louis-du-Hal Hal, comt6
de T6miscouata.

Ltauteur a partieip6 5 deux sessions drinformation pour des pro-
pri6taires forestiers, dans lrest du Qu6bec; ceux-ci se sont montr6s trEs
int6ress6s par la populiculture et d6ja des dernandes de plants et de boutures
sont parvenues au MinistEre.
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TABLEAU 4 SynthEse des croisements intersp6cifiques et intersections

Sections EspEces
Qualit6 desNombre de croi-sements inflorescences plants

Total R6ussis C Cnd rs Pr obtenus

Leuee

et
TacqrnTnea

Poa t Pob
Poe s Pob
Pob r Poe
Pog t Pob
Pob r Pog
Pot t Pob
Pob r Pot
Poa * Posi
Poe r Posi
Pog r Posi
Pot n Post)
Poeat r Poe
Poeat r Pog
Pocat r Pot

4
I
7

3
7

4
2
2
1
1
4
I
2
I

0
0
0
0
0
0
0
0
0
0
1
0
0
0

L2 L-
1
25
2L
42
11

2
1

1-
1_-
1-

1
2-
1-
1-

;:
2-
1-

l_1

:

42

i

2-
1-

2
3-

I
31

I
1-

1

L 42
o 2l_
0-
01
0t_
1 102
11
0
0-
0 11

8
4
2
4
2

16
2
I
1
2

Leuee

et
Iaeonahaea-
Aigeiros

Poa r PoJ
Poe r PoJ
PoJ r Poe
Pog r PaJ
PoJ r Pog
Pot * PoJ
PoJ x Pot
Ponor t Poe
Poz,ot r Pot
Poro* r Pog

Leuee

et

Aigeiros

roa & yod.
Poa r yonLLx
Poa r Poe
(oc & yod.
vod & (oe
yoc * yon7;?.x
Poc r Poe
Pog x Pod
Pod r Pog
Pog r Poniit
Pog r Poe
Poe t Pog
(oT fi foa
EOA e vOD
Pot r PonL1-X
Pot r Poe
Poe r Pot

13
2
4
5

10
1
2
7

9
1
2
1

22
5
4
8
1

0
0
0
0
0
0
1
0
2
0
0
0
1
0
I
2
0

74
2-
2-
2-

11

11
3-
46

1
22

165

2-

;; ;
5-

112
3 - 76
1-

1-
2-
L2
62
-1
1-
81
2-
i_
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TABLEAU 4 (suite)

Nombre de croisements Qua1it6 des
I-nrrorescences

Sections EspEces
Plants
obtenus

Total R6ussis C Cad Is PI

Pob o PoJ
Taearuhaea PoJ s Pob
. Poeat r PoJeE PoJ r Posi

Taeannhaea- Poror r Pob
Ai.gei.ros Poror n Posi

1:
1_-

;:

13
t
4
2
3
I

7
1
4
1
2
0

9-
1-
4-
1

::

2,948
76

3,015
34

3,415

Taeanaltaea

et
Aigeiros

Pob r Pod
Pod r Pob
Pob n Poniit
Pob r Poe
Poe r Pob
Poeat r Pod
Poeat t Ponii.t
Poeat r Poe
Pod * Posi

38
3l_

5
L2

1
7
1
2
6

4L7
23

2L

::

1

I 134
I_8 26
55
472
11
77
11
1 2-
55

2
3,756
7,888

853
70

376
7s9

1_,061
L,r27

, PoJ n Pod1.'aeafiErnaea- 
Pod. s PoJALge1'ros PoJ r poniit

et PoJ t Poe
. Poe r PoJ

ALAeLTOA oTot & yocl
Ponor r Poniit
Poror n Poe

24
12

11

-:
1-

0 33
16 22
22
22
34
1 6L
0
11

L2
25

2
4
4
7
1
2

z,ios
4,262

913
708

3

3
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Proj et

Proj et

Proj et

Sg

Sg

Sg

70-3

70-4

70-5

alduonetroN DU ldlizr
(A. Stipanicie)

Am6lioration du m6l-Eze laricin (Laz'is

An6lioration du m61Eze drEuroPe

Am6lioration du ur6lEze du JaPon

(Lav"ir

Layteina)

deeidtn)

LeptoLepi,s)(Laz"ir

Larir Larteina (Ou noi) K. Koch

M6thode

Le progranne de travail sur cette espEce a -etie 61abor6 et com-

menc6 en col-I-aboraiioo avec l-a Station dram6lioration des arbres forestiers
du Centre national de recherches forestidres, France (y. Birot, charg6 de

recherche).

ftant donn6 qut il existe peu df infornations actuel-lement dispo-
nibles sur tr. Laz"Leina, deux approches ont 6t6 planifi6es:

1) Tests de provenances et de descendances Pour
identifier les sources de graines les plus
int6ressantes et pour la formation de vergers
b graines.

2) fitnd. de

POur en
l-es lois

1a structure g6n6tique de .t. Latiedrn
connaitre 1es caractEres h6ritables et

d fh6ritabilit6 .

Travaux pr6vus

Test de prouenqrtees et de deseendqnees

Au d6but du prograrme, nous avions pr6vu un test de provenances-
descendances qui serait une combinaison de test de provenances et de test de

descendances et qui devrait se faire selon un transect sud-nord partant du

sud de Montr6a1, en passant par la r6gion de Trois-RiviEres, la va116e du

Saint-Maurice, la r6gion du lac Saint-Jean, le parc de Chibougamau et en

allant vers le lac Mistassini. Nous esp6rions ainsi pouvoir d6finir de 10

E 12 endroits, dans lesquels deux stations seraient 6chantillonn6es' une

station sEche et une station humide. Dans chaque station, 20 arbres
seraient s6lectionn6s en tenant compte des caractEres suivants: une tige
droite, des branches hori-zontales, une vigueur 6gale ou sup6rieure E la
moyenne, approximativement du rn6rne 6ge (la diff6rence ne devrait pas d6pas-

".r ZO "o"). 
pour 6viter la parent6 entre les individus s61ectionn6s, i1

6tait n6cessaire que ces derniers soient assez 6loign6s les uns des autres'
Nous consid6rons qutil ne faut pas s6lectionner pl-us dfun arbre par demi-acre
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de superficie (environ 21000 12). Nous avions pr6vu aussi de mesurer pour
chaque arbre s6lectionn6 l-a densit6 du boi.s d lraide drun torsiomEtre, mais
pour ce caractEre, la sElection ne peut encore 6tre faite, vu que nous ne
connaissions pas encore la relation entre lraccroissement et la densit6 du
bois dans le cas de .0. Larieina. Des 6tudes plus approfondies dans ce sens
seraient n6cessaires.

i la suite de notre premiEre tourn6e de reconnaissance pour la
r6alisation du transect pr6vu, nous avons uodifi6 notre projet de test de
provenances-descendances, parce que nous avons r6a1is6 que tr. Laricirn forme
trEs rarement des peuplements 6tendus et r6guliers, de sorte quril est dif-
ficiLe de pratiquer une s6lection drindividus telle que pr6vue initialement.
Au d6but du siEcle, l-es peuplements de .t. Laricina ont 6t6 E pl-usieurs
reprises ravag6s par la tenthrEde du m6lEze (Pnistiphora erLehsonii (Htg.;1.
Les dernlEres at.taques importantes sont survenues dans les ann6es 1960-1964.
Si l-es attaques de ce d6foliateur se r6pEtent pendant quelques ann6es cons6-
cutlves, cela mEne i un d6p6rissement complet de ltarbre. Pour cette raison,
1a r6partition d.e L. LariqLna E l-rint6rieur de son aire naturelle est trEs
irr6guliEre. Cette espEce forme plut6t de petits groupes ou bouquets 6par-
pi11-6s, surtout dans les zones tourbeuses ou ma1 drain6es, et lron peut
consid6rer que l-es individus dtun n6me bouquet proviennent de quelques
arbres-mEres qui ont r6sist6 a lrattaque de 1a tenthrEde et qu'en d6finitive
ils sont tous demi.-frEres. Drautre part, ces bouquets.sont souvent troP
6loign6s les uns des autres pour quton puisse les consid6rer conme une pro-
venance unique. Nous pr6voyons maintenant ne s6lectionner qutun seul- arbre
par bouquet et r6unir ce mat6riel sous forme de greffes ou de boutures dans
les parcs i clones qui pourront servir de vergers E graines clonaux. De
cette fagon, nous esp6rons 6viter la manifestation de gEnes r6cessifs d6f.a-
vorables, eui est due D la consanguinit6 proLong6e (inbreeding depression),
et aussi profiter de la combinaison des caraetEres g6n6tiques favorables
dont les arbres s6lectionn6s sont porteurs et sur lesguels nous allons aussi
r6colter les graines pour le test de descendances en vue de v6rifier la
sup6riorit6 g6n6tique de ces individus.

Sur l-e plan du test de provenances, nous pensons r6unir une col-
lection de lots de graines qui nous pernettrait de mettre en uarche un test
de provenances qui couvrira les diff6rentes zones 6coJ-ogiques de lraire
naturel-le du m6lEze laricin, principalement au Qu6bec.

Dans le cas de peuplements suffisatrment 6tendus, oi nous serons
en mesure de s6l-ectionner 20 arbres, nous pr6voyons r6al-iser un test de
provenances-descendances. En r6unissant en dispositifs quelques provenances
repr6sent6es par une vingtaine drarbres s61-ectionn6s, nous esp6rons obtenir
en m6ue temps la r6ponse sur la valeur dtune r6gion corme source de graines
et sur la valeur g6n6tique des arbres 6chanti11onn6s.

Etude de La stzaeture g4ndtique de

Pour cette 6,tude, nous
grand pour pouvoir s6lectionner au

Larix laricina

avons pr6vu de choisir
minimun 15 arbres avec
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TABLEAU 5 Les croisements r6a1is6s en 1973

Nombre drarbres m61-es

5 Pod Ll Pob 3 PoJ L Posi.z I Poniit. L Poe3 I PotNombre
d t arbres
femelles Noubre de croisements

TlrlT

L3 Pod

I Poniz

6 Pob

I Porot
L Poe

3 Poa

L Pog

L Pot

50 1

50

60

L32 6

11 0

54 40

30
11 4

360
30

130
20
30
60
20
20

0

0

4

1010

13

1-

3

13

1

6

13

1

6

1_

1

3

I
1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

8

1

I

10
30
10
10

lT: total.
n: n6ussis.

2Arbnes fastigi6s.
rCtest l-e clone Q-36-Q s6lectionn6 dans la n6gion de Qu6bec et montrant un
tnbs beau d6veloppement dans 1es plantations companatives.

caractEres principaux qui nous semblaient
technologique du bois de m6lEze laricin.

- tige droite
- tige flexueuse
- branches horizontales
- branches fastigi6es

Les observations ult6rieures
choisis devraient v6rifier lth6ritabilit6
lrhorizontabilit6 des branches, ainsi que
observ6s lors de lf 6chantillonnage.

Travaux en voie de r6alisation

Tests de deseendanees et de

Durant 1r6t6 de
Lay,icina dans un peuplement
Lacolle, et 13 arbres dans

trEs importants pour la qualit6
Ces caractEres sont:

sur les descendances
de la flexuosit6 de
dtautres caractEres

de ces arbres
la tige et de
qui seront

pl,oueT?nnees

1972, nous avons s6lectionn6 10 arbres de .L.
prEs de Saint-Bernard-de-Laco11e, canton de

un peuplement prEs de lrleedon, canton de Weedon.
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Cette ann6e, nous al-Lons continuer les travaux dans ces peuplements oir nous
comptons s6lectionner 20 arbres et aussi commencer la s6l-ection dans les
peuplements d6ji rep6r6s. Selon nos possibilit6s, nous pensons aussi com-
mencer la s6lection dans des petits groupes et bouquets.

Au printemps de L972, nous avons install6 un dispositif dans la
p6piniEre de Duchesnay avec 13 provenances diff6rentes de -t. Larieina. La
p6piniEre provinciale de Berthierville nous a fourni des graines pour cette
expdrience. De la Station forestiEre exp6rimental-e de Petawawa, nous avons
regu une collection de 13 provenances de lrest de lrOntario, €t, avec 3
autres acquisitions de la p6piniEre provinciale de Berthierville, nous pos-
s6dons au total 16 provenances de 1a province de Qu6bec qui seront conser-
v6es pour le test de provenances sur ltensemble de lraire de .t. Lanicina..

Nous participons aussi E l-texp6ri-ence no 376 de la Station
forestiEre exp6rimentale de Petawawa. Une collection de 20 descendances a
6tE repiqu6e au printemps de 1973 d.i:'q la p6piniEre de Duchesnay et sera
probabl-ernent i-nsta116e en dispositif s au printeurps de L974.

frtud.e de La stmretute g*rdtique de L. laricina

Un peupl-ement de tr. Larieina assez 6tendu, prEs de Sainte-
Catherine, comt6 de Portneuf, a 6t6 choisi. Pr6sentement, il y a un total
de 53 arbres d6ji s6lectionn6s (13 arbres avec la tige droite, 13 avec la 'tige flexueuse, 15 avec l-es branches horizontales et L2 avec les branches
fastigi6es). Le prenier essai de greffage a 6t6 fait au printemps de 1973
et cette ann6e nous allons terminer la s6lection et courpl6ter une descrip-
tion prEcise des arbres choisis.

Larin sp. exotiques et hybrides

M6thode

1) Test de provenances en utilisant les graines r6colt6es dans
l-es plantations d6je 6tablies au Qu6bec et les graines des provenances
reconmand6es de lr6tranger.

2) Test de descendances des arlres s6lectionn6s au Qu6bec et i
IrEtranger pour v6rifier la sup6riorit6 des arbres s61ectionn6s, en vue de
r6aliser des vergers 5 graines.

3) Test clonal des arbres s6lectionn6s afin drexaminer leur
aptitude au bouturage et de v6rifier la sup6riorit6 des clones s61ectionn6s.

4) PolJ-infsation contr6l-6e intersp6cifique et infrasp6cifique
entre les clones i-nt6ressants pour obtenir les hybrides qui correspondraient
le mieux E nos conditions 6cologiques.
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Travaux pr6vus

Iest de prouenances

Nous envisageons de r6colter les graines dans les plantations
d,e Lan'it sp. qui sont d6jd install6es au Qu6bec et ainsi de profiter du
nat6riel de base qui sfest montr6 satisfaisant dans nos r6gions. Aussi, les
d6marches sont faites pour obtenir les graines de provenances qui sont d6jE
reconnues sup6rieures h lrext6rieur du Qu6bec.

Test de deseendnnees et test elonal

Une s6lection E lrint6rieur des plantations d6ji existantes est
pr6vue. Les critEres de sElection ne sont pas encore couplEtement d6finis,
mais nous pensons que la rectitude de la tige sera le facteur 1-e plus
important.

Pollinisation eontr6ld e

Le prograrmre dans ce sens nrest pas encore 61abor6 en d6tai1,
mais nous pr6voyons greffer les arbres que nous avons sElectionn6s ainsi que
ceux s6lectionn6s par les autres organismes de recherche, afin dt6tablir un
parc i clones qui servira de base pour la production des hybrides.

Travaux r6alis6s

Test de pr.oDenanees

P16sentement,

EspEces

L. decidua

nous poss6dons les provenances

Pays drorigine

Allernagne f6d6rale
Autri.che

Canada-Qu6bec

France

Hongrie

Italie
Pologne

Suisse

suivantes:

Nombre de
Provenances

2

2

4

I
1

2

1

2
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EspEces

L. eurolepis
L. Leptolepis

L. oceidentalis
L. sibirica

Pays drorigine

Danemark

canadar_Qu6bec

France

Japon

Canada-QuGbec

Finlande

URSS

Nombre de
Provenances

1

1

I
8

1

I
1

La majorit6 de ces lots a 6t6 sen6e et toutes les provenances se
comportent de fagon satisfaisante en p6piniEre.

De plus, nous participons aux exp6riences nos 377 et 378 de la
Station forestiEre exp6rimentale de Petawawa. Nous avons regu et sem6 9
provenances de L. sibiriea pour lrexp6rience no 377 et 27 Lots dlffErents de
L. deei&,n, L. Leptolepi.s et des hybrides pour lrexp6rience no 378.

Test de deseendsttees et test elonal

I ltint6rieur de 1a province de Qu6bec, nous avons s6l-ectionn6
au total 37 individus de L. d.eeidua et 4 de.D. LeptoLepis. Les critEres de
s6l-ection nr6taient pas toujours assez sEvEres et nous serons ob1-ig6s dran-
nuler quelques s6lections.

Pr6sentement, nous avons dans la p6piniEre un test qui regroupe
au total 47 descendances provenant drarbres s6lectionn6s b ltint6rieur de
la province de Qu6bec. Sur les arbres s61ectionn6s, des boutures ont 6t6
pr6lev6es et, durant lrhiver de 1970-197J-, plusieurs exp6riences de boutu-
rage ont 6t6 r6a1is6es. Ces 6tudes couprennent 6gal-ement 14 arbres
s6lectionn6s par le Centre de recherche forestiEre des Maritines (15).

Au printernps de L972, nous avons essay6 de greffer les 14 arbres
s6lectionn6s. Nous avons 6galement regu les greffons de 14 clones de la
North Central Forest Experiment Station (Wisconsin, ftats-Unis) et 1 clone
du Centre de recherche forestiEre des Maritimes.

Au printemps de 1973, nous avons reEu les greffons de 105 clones
de la Station forestiEre exp6rimentale de Petawawa, et de nouveau, le clone
no St 368 du Centre de recherche forestiEre des l"laritimes du Nouveau-
Brunswick. Ce rnat6riel , avec les 10 clones du Qu6bec, a'ex6 en partie greff6
et en partie boutur6.
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INTRODUCTION D I ESPECES
/A. Stipanicic)

Projet Sg 68-2 Introduction d'espEces exotiques ou indigEnes au Qu6bec

Buts

1) Trouver de nouvelles espEces aptes au reboiseuent de faEon b
accroitre la rentabilit6 des plantations et i diversifier la production (1).

2) Orienter des 6tudes plus pr6cises de provenances.

3) Cr6er des hybrides intersp6cifiques pr6sentant des caractEres
propres b diff6rentes fins.

4) Eval-uer les possibilit6s dradaptation et de croissance de ces
espEees en rel-ation avec les conditions 6cologiques de diverses stations.

Travaux r6a1is6s

Les premiers travaux drensemencement ont 6t6 faits au printemps
de 1969 E la p6piniEre provinciale de Berthierville. Nous avons sem6 25
espEces diff6rentes repr6sent6es par un total de 61 provenances.

Le deuxlEme ensenencement a 6t6 fait d lrautomne de 1969 i la
p6piniEre de Duehesnay. Dans ce dernier cas, 10 espEces avec au total
15 provenances ont 6tE sem6es.

Lrensemenceuent suivant a 6t6 fait au printeups de 1970, alors
que nous avons sem6 57 espEees comprenant un total de 133 provenances.

A ltautomne de 1970, 14 espEces avec 80 provenances ont 6t6
sem6es, dont 59 provenances de Pseudotsuga sp. (collection IUFRO), ce qui
repr6sente la premiEre partie de lfensemencement pour un test de provenances
sur le sapin de Douglas.

Au printemps de L97L, 13 espEces r6parties en 21 provenances ont
6t6 sern6es, puis, b lrautornne, 6 autres espEces r6parties en 8 provenances.
Une provenance dtAbi,es baLsamea comprenait 36 descendances, et deux prove-
nances d'Abies sacVnLinensis 'etaient repr6sent6es par L0 descendances
chacune.

.4, ltautomne d.e L972, nous avons seu6 24 espEces avec au total
198 provenances, dont 131 provenances de Pseudotsuga sp. (collection IUFRO).
Cr6tait la deuxiEme partie, plus couplEte, de lrensemencement pour le test
de provenances sur le sapin de Douglas.
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Pinus Lanbertiana 'etait repr6sent6 par une col-l-ection d,e L7
provenances, obtenue aussi de lrIUFRO.

Au printernps de L973, nous avons sem6 8 espEces avec au total
45 provenances, dont 11 provenances d,'Abies Lasiocarpa (collection IUFRO).

Les plants issus de ces ensemencements sont destin6s E 6tre
introduits en plantations couparatives dans le r6seau de nos secteurs
exp6rimentaux (arboreta)-projet Sg 68-SE.

Toutes les provenances sem6es sont r6guliErement observ6es, ce
qui nous donne les renseignements n6cessaires sur le comportement des
espEces exotiques au niveau de 1a p6piniEre. Pour certaines espEces, dEs
le premier hiver, une forte s6lection est faite au niveau des sujets et
entre les provenances, et dans certains cas des provenances sont conplEte-
ment endomnag6es par le froid. Les lots partiellement atteints, ou compl-E-
tement exenpts de dornmages caus6s par 1-rhiver, seront repiqu6s aprEs deux
saisons de v6g6tation, et finalement l-a plupart des plants seront exp6di6s
de la p6piniEre 5 1r5ge de quatre ans (plants 2 - 2).

Le tabl-eau 6 montre l-es travaux dtensemencement r6a1is6s jusqurau
printemps de l-973.

Observation des seuis

Durant chaque 6t6, les semis sont observ6s r6guliErement afin de
d6terminer lr6poque du d6bourrement, 1-rimportance des d6g6ts caus6s par l-e
gel et l-e froi-d, le d6veloppement durant 1t6t6 et lfaoGtement. Toutes ces
observations nous permettent de connaitre 1-e comportement juvEnile des semis.
Dans la plupart des eas, sous nos conditions climatiques, l-es semis 2 - 2

ne d6passent, pas le niveau de 1a neige et. ne sont pas expos6s au vent et au
froid sec de lrhiver. Ctest seul-ement apres que la cime aura d6pass6 le
niveau de la neige et donc aprEs quel-ques ann6es dans les arboreta que nous
serons en mesure de donner un jugement plus valable sur la r6sistance et les
autres qualit6s dtune espEce ou dtune provenance.

Nous donnons ci-aprEs un bref r6sum6 des observations de rusti-
cit6 faites sur les semis des ann6es 1969, L97O et du printemps de 1971.

Genre Abies: La plupart des espEces de ce genre ont d6montr6
une r6sistance couplEte ou satisfaisante aux conditions de la p6piniEre. I1
faut cependant souligner un taux de germination trEs faible ou nul chez
plusieurs lots ainsi q,rtun d6veloppement juv6nil-e lent pour toutes les espE-
ces. Abies baLsarnea montre le ureill-eur comportement alors qu'Abies firrna
et Abies homoLepts sont partiel-lement endomrag6s et ne semblent pas adapt6s
E nos conditions.

Genres Cedrus et CrnTptomey,ia: Tous les plants ont 6t6 fortement
atteints par le froid, et la rnajorit6 des plants sont morts aprEs le premier
hiver.
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TABLEAU 6 Liste et nombre de provenances ensemenc6es
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TABLEAU 6 (suite)

P6piniEre

EspEees

Or\o
o\
Fl

o
FIO
F{t
.r-.1>ol-r AOET{O
.C +J+Jtr
H 'F{OHFar

o\
\o
Or
F{

o
h€
dE!o(,ltr
Q'EFO
O+J
Fd

or\
o\
Fl

o
T,

>roqlA
dEooo+,ttr
OFItt{AA

o
1\
o\
Fl

o
h€
q,
tra,oEiOEgo
o+J35Aql

Fl
F
Or
Fl

o€
hordgtrEoo
O+r.c6(J 'r{5${
AA

Fl
t\
o\
F{

o)h€
(UcooclOEEO
CJ +'
J5
od

C\
t\
O'l
H

o
h€
G'
GOoElOE
50o+J
5A
A(d

cnt\
Or
F{

o
E

hoGg
dFoo
Q{J

O 'F{5t{Ao.

Pinus eenbroides
Pinus contorta
Pinus echinata
Pinus flerilis
Pinus Jeffreyi
Pinus koradensis
Pinus Lqnbertdarn
Pi.nus LeiophtgLla
Pinus Leueoderrnis
Pi,rus massoniana
Pinus montqncr
Pinus monticoLa
Pinus nigra
Pinus par'oiflora
Pinus peuee
Pinus ponderosa
Pinus pseudostrobus
Pi,nus nigi.da,
Pinus rigida r eehina,ta
Pinus v,udis
Pinus styobus
Pinus thunbergii,
Pinus uirginiana
P s eudot suga flahaultt)
Ps eudotsuga macnolepts
Pseudotsuga menziesii
S e quo dadendnon g i gantewn
Thuja oecidentalis
Thuja pli.cata

Feuillues
Acer pseudoplatanus
Aeer v,ubrum
Aeer saechav"inun
Aeer saechav,um
Ae s euLus hippo c as tanum
ALnus glutinosa
Betula aLleghaniensis
BetuLa pendula

10

3

:

i
1

1

4
1

1
1
2
1
2

2

1

l_

5
1
3
3

5
1_

1

1
2

1

-
6
2
2
4

I

57

1

1
1

1

1 L29

8

15

a

;
9

58



TABLEAU 6 (suite)
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Genre Chanaecypayis: Les plants ont 6t6 partiellement atteints
par le froid et un certain nombre sont morts aprEs le premier hiver.
Cependant, nous avons remarqu6 une bonne r6sistance au froid et un fort
accroissement en hauteur chez les plants qui nront pas 6t6 endo"t ag6s.

Genre Larir: Tous l-es lots ensemenc6s montrent une r6sistance
cornplEte au froid. Dans certains cas le taux de germination 6tait trEs
faible.

Genre Pieea: La r6sistance couplEte au froid est reunrqu6e chez
les espEces indigEnes et aussi chez Pieea glehn'Li, Picea jezoens'Ls et Picea
pungens. Toutefois, les pousses terminales de plus de 10 pouces de longueur
(environ 25 cn) chez les plants 2 - 2 de Pieea glehnid ont 6t6 partiellement
touch6es par le froid de lrhiver de I972-L973. Nous avons not6 1e m6me com-
portement chez quelques provenances d,e Picea sitchensis (deux provenances du
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Danenark). Une provenance danoise de Pieea sitchensi.s (ueitgtrd, Overskov
conpt. 2l-0) se montre plus faible par rapport aux deux autres (Rye Nflrskov
compt. 10 et Frijsenborg Tinning compt. 3a), Itaccroissement est plus lent
et les doumages caus6s par le froid plus visibles. Les deux provenances
dfAlaska montrent en g6n6ral- une r6sistance complEte au froid, mais leur
vigueur est inf6rieure aux provenances danoises. Une provenance de
t{ashington (Crescent Lake, ftats-Unis) n'6tait pas adapt6e E. nos conditions:
les plants avaient une bonne croissance nais 6taient endourmag6s par le
froid. Pieea hondoensis montre une faible r6sistance au froid, les Pousses
terminales ont 6t6 touch6es par les ge16es pr6coces et lfaccroissement 6tait
trEs faible. Le seul lot de Pieea by,eueriana, que nous avons sem6 a eu un
tanx de germinati-on trEs faible; Picea orLentalis n'a pas germ6 du tout.

Genre Pinus: Nous avons observ6 une r6sistance complEte au
froid chezz Pimts eernbna, Pinus eontorta (graines r6co1t6es sur quelques
arbres dans la p6piniEre provinciale de Grandes-Piles, au Qu6bec), Pinus
fledlis (provenance du Montana, Etats-Unis), Pinus Latnbev,tiana (provenance
de la Californie, ftats-Unis) , Pinus montana spp. mughurc et unei.nata (pro-
venances de France, drltalie et de Suisse), Pdnus nigra spp. austriaca et
ealabriea (provenances dtltalie et du Danenark) et Pinus peuce (provenance
de BuJ-garie) .

Nous avons remerqu6 une r6sistance partielle chez Pinus Jefft'egi
(deux provenances de la Californie) , P'Lnus nigz,a spp. eoz's'Learw (provenances
dfAngleterre et de France), Pinus ponderosa (provenances du Colorado, du
Montana, de l-rOregon et de l,Iashington, Etats-Unis), P'Lnus rigida (provenance
du Qu6bec) et Pinus rigida r echinata (hybride obtenu de la Cor6e du Sud).

Nous avons remarqu6 une faible r6sistance au froid entrainanL un
pourcentage 61ev6 de mortal-it6 chez Pinus eehi,rnta (provenances du Kentucky
et de la Georgie, ftats-Unis), Pinus montieola (provlnance de ltIdaho, 6tats-
Unis) , Pinus ponderosa (provenance de la Cal-ifornie) ex Pinus uirgini.ana
(provenance du Kentucky).

Les autres espEces nront nontr6 aucune r6sistance au froid et
nous avons constat6 un trEs fort pourcentage de mortalit6 aprEs l-e premier
hiver.

Quelques espEces ont eu un taux de germination faible ou nul
(Pinus paruiflora, Pinus stz,obus, Pinus konaiensis, Pdnus Leueodev'mis, Pinus
thwtbez.gii).

Genre Pseudotsugaz Les provenances situ6es d lfint6rieur des
nontagnes Rocheuses (Pseudotsuga menztesii vat. glauea) et 1es Provenances
de l-a zone df introgression des vari6t6s glauca et menziesid wntrent une
r6sistance satisfaisante au froid (collection IUFRO, provenances nos 1001t
1003, 1005, 1006, 1008, 1019, L020, 1035, LO52, 1105, 1106, 1107, 1109,
1110, 1111, LrL2).

une provenance r6co1t6e au Qu6bee (niviEre-du-Loup) n'a subi
aucun don'rnage par le froid.
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Les provenances de Pseudotsuga menziesii var. menz'Lesii ont 6t6,
en g6n6ra1, atteintes par l-e froid, mais lrintensit6 des dommages est trEs
variable selon les provenances.

Nous avons 6galement observ6 le comportement du sapin de Douglas
sur un dispositif comprenant 59 provenances, install6 dans la p6pinidre au
printemps de 1971.

Genre Sequoi,adendton: Les deux provenances de la Californie
6taient fortement touch6es par le froid.

Genre Thuja: Les quatre provenances de Thuja plicata (Daneurark'
Idaho et Washington) 6taient partiel-lement endormnag6es par le froid, mais
nous avons observ6 un accroissement trEs int6ressant chez les semis de cette
espEce.

TVuia occi.dentaLis montre une r6sistance eomplEte.

Genres Acer,, Aeseulus, Alnus, BetuLa, Fagus, Fran'Lnus, Pz'unus et
Quereus: Tous les lots ensemenc6s montrent une r6sistance complEte. 11
faut souligner lfaccroissement trEs int6ressant et la trEs bonne adaptation
constat6s chez toutes 1es provenances d'Alnus gluti.rnsa. Acez'pseudoplatanus
sem6 aq printemps de 1969 n'a pas germ6.

Genre Juglans: Une provenance de Juglans c'Lneved. (Portneuf,
Qu6bec) 6tait partiellement atteinte par le froid.

Genre Tilia: Tous les l-ots que nous avons sem6s ont eu un taux
de gerrnination trEs faible ou m6me nul. Toutefois, les semis montrent une
16sistance satisfaisante, mais ltaccroissement est trEs lent, ce qui d6mon-
tre une inadaptation de ces provenances.

Genres Catalpa et PLatanus z Tous les plants 6taient fortement
endornrnag6s par le froid aprEs le premier hiver et le taux de rnortali-t6' sur-
tout chez Platanus sp., 'etait trEs 61ev6.

BANOUE DE SEMENCES

io. nouert)

Le principe de la banque de semences est de conserver dans des
conditions optimales dtentreposage i longue dur6e, des lots de semences
d6sir6s. Lrentreposage des semences pour de grandes p6riodes est quelque
peu d6licat du fait que les conditions varient suivant lrespEce concern6e.
Les facteurs limitatifs se r6sument au degr6 hygrom6trique de lrair ainsi
qutD sa temp6rature. Les espEces cortrne telles se classent grossiErement en
deux groupes: celles qui n6cessitent un fort pourcentage dthurnidit6 afin
de conserver leur facult6 germinative et celles (la majorit6) pour lesquel-
les le pourcentage d'humidit6 peut 6tre trEs r6duit. Suivant la haute ou la
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faible teneur en humidit6, les semences pourront 6tre conserv6es i des tem-
p6ratures sup6rieures ou inf6rieures au point de cong6lation, respectivement.

Le but premier de 1a banque de semences, en ce qui nous concerne'
est de conserver des gEnes. Lrutilit6 de cette perspective se fait princi-
palement valoir dans le cas oD certaines espEces se trouvent menac6es dtex-
tinction ou lorsquton veut avoir la possibilit6 de reproduire, avec un
certain d61ai, un peuplement particuliErement remarquable appe16 i disparai-
tre pour quelque raison. La banque de senences nous permet de plus draccu-
muler le nombre voulu drespEces et de provenances n6cessaires i la
r6alisation des projets envisag6s. Ctest l-e cas principalement de la dispo-
nibilit6 des semences concernant les introductions dfespEces.

Ce mode drentreposage permet donc de disposer sans cesse drun
rnat6riel dont lraspect g6n6tique pr6sente une valeur certaine, sans 6tre i
la merci des p6riodes de faible production de semences intervenant entre les
ann6es semencidres.

La banque de semences de la Section de g6n6tique forestiEre du
Service de la recherche fait lrobjet dtaccords avec le Service de la res-
tauration, principalement avec M. Yves Lamontagne de la p6piniEre provinciale
de Berthiervill-e, qui veut bien nous fournir une certaine quantit6 de seuen-
ces pour chacun des lots r6colt6s annuell-euent et pr6sentant un certain
int6r0t du point de vue conservation et am6lioration. Quant aux provenances
exotiques, les semences stobtiennent par lfentremise des divers organismes
internationaux et centres de recherche E la suite draccords et dt6changes
mutuels.

La Section de g6n6tique envisage dreffectuer sa propre r6colte
de semences pour entreprendre des essais au niveau des espEces indigEnes
feuillues, des tests drintroduction chez ces m6mes espEces E lrint6rieur du

Qu6bec ainsi que des plantations conservatoires pour les espEces b faible
repr6sentatj.on ou menac6es de disparition. Ce dernier cas se pr6sente Pour
le pin dur (Pinus rigida) dont lrilot de Saint-Chrysostome, au sud de
Montr6a1, ne possEde aucune protection et peut subir une destruction inat-
tendue. I1 est imp6ratif de pr6server cette population isol6e situ6e b l-a
lirnite septentri-onale de dispersion de ItespEce et de prendre ainsi les
moyens de la reproduire.

Les r6coltes visent 6galement drautres espEces puisque pour ce
qui est des feuillus, nous nten sornrnes qufD envisager ltapproche sur le plan
am6lioration tout en conservant E lresprit leur grande inrportance. La
n6cessit6 de la banque de semences stimpose dans ce dernier cas, puisqu'el1e
permettra d'accumuler le urat6riel n6cessaire D la mise en marche des exp6-
riences E proprement parler. Les espEces dont nous disposons dans la banque
de semences sont 6num6r6es au tableau 7 avec leur nombre respectif de prove-
nances.

La banque se compose ainsi de deux parties: les espEces repr6-
sent6es par un nombre assez important de provenances et sur lesquelles sont
envisag6s de futurs tests de provenances ou autres (par exemple Pieea
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TABLEAU 7 Liste des espEces indigEnes ou exotiques composant la banque de
semences et leur nombre de provenances disponibles

EspEces Nombre de .trSpecesprovenances
Nombre de
provenances

Abies balsamea L Picea sitehensis
Betula aLlegVnniensi.s I Pinus banksiana
Larir decidua 1 Pinus eontorf,a
Lanir Laricina 16 Pinus nigra
Lari.r LeptoLepis 1 Pinus ponderosa
Picea abies 65 Pi.rrus z,esi.nosa
Pieea engelmannii 2L Pdnus z"igid,a
Picea gLauca 31 Pinus strobus
Picea pungens 10 Pd.nus sgLuestris
Pieea ntbens 6

si.tehensis, Picea engelmannii, Pi.eea abies, Pinus syLuestnis, Pinus eontorta
et Pinus nigra), et les essences retenues uniquenent dans un but de conser-
vation, pour lrint6r6t que repr6sente leur ttpoolrr g6nique.

ARBORETA
(C. Chouinard)

Projet Sg 68-SE R6seau de secteurs exp6rimentaux (arboreta) pour
lram6lioration des arbres forestiers

Depuis le urois dtaoOt L97O, quatre nouveaux secteurs ont 6t6
6tab1is. Ce sont les secteurs de LotbiniEre, Coulonge, Chibougarnau et East-
Angus. Deux autres seront cr66s durant lr6t6 de 1973, ceux de Mont-Laurier
et de Labrieville. La distribution des secteurs apparait sur la carte ci-
joi-nte et leurs caract6ristiques 6cologiques, g6ographiques et climatiques
(IL, L2, 13 et 14) sont donn6es aux tableaux 10 et 11 respectivement.

La liste des espdces indigEnes et exotiques plant6es dans les
arboreta par la Section de g6n6tique forestiEre du Service de la recherche
est donn6e au tableau 8. Celles install6es par drautres organismes sont
r6sum6es au tableau 9.

Parmi les plus importants tests r6a1is6s dans les arboreta, nous
retrouvons les suivants:

- Test de 22 provenances de Pologne et 22 provenances drEurope
dr6pinette de Norvdge (Picea abies), 1969.

- Test de 41 descendances df6pinette blanche (Pi.cea glauca) pro-
venant de la va116e de ltOutaouai-s, L969.
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TABLEAU 8 EspEces plant6es dans les arboreta

Arboreta
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Abies alba
Abies balsatnea
Aeer saceharun
Aesculus

hippocastarwm
Alnus glutinosa
Betula
aLLegtnniensis

Betula pendula
Betula pubeseens
CVnmaecyparis

Lqusonimta.
Fagus
grand,ifoLi.a

Fagus sgluatiea
Fra,xinus
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TABLEAU 9 Plantations effectu6es dans les arboreta par dtautres organismes
que le Service de la recherche

Nombre
Organisme Arboreta EsPEces

Provenances Descendances

Centre de recher- Coulonge Betula
che forestiEre aLlegfumi'erlsi.s 37 126
des Laurentides

Universit6 Laval Duchesnay Pieea rnatiana 31

Centre de recher- LotbiniEre Bektla
che forestiEre allegLnniensis 44 257
des Laurentides

Centre de recher- Matap6dia Pi.eea abies 38
che forestiEre
des Laurenrides tZiTLZr,*riensis 

38 L76

Pseudotsuga
menziesii 9 -

Universit6 Laval Parke Picea matiarn L2

- Test de 10 provenances d'6pinette de NorvEge (Pieea abies)
provenant de France, L969 et L972.

- Test de 10 provenances de pin noir (Piru'ts nigta) provenant de
lfltalie, de la France, du Danenark et de lrAngleterre' L97L,
1972 et 1973.

- Test de 11 descendances et de 6 provenances de sapin Pectin6
(Abies aLba) de l-rltalie et de la France, L973.

- Test de 37 descendances de sapin baumier (Abies balsatnea) du
Qu6bec, L972.

- Test de 38 descendances dr6pinette noire (Pieea mariana) issues
de croisements contr616s. Origine des parents: Ontario,
Qu6bec, Terre-Neuve, 1969 ex L972.

- Test de 20 b 35 clones de peuplier, 1969, 1970 et L97L.

- Test de 150 a 175 clones de peuplier, L973.

- Test de 28 provenances d'6pinette blanche (Pi'eea gLauea) de
Colombie-Britannique, L97 2 .

- Test de 51 provenances d'6pinette de NorvEge (Pieea abies) de
Bulgarie, L97I.
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- Test de 5 provenances de Laz"is Leptolepi,s et de 5 provenances
de Larin deeidua, L972 eE 1973.

- Test de 15 provenances de sapin de Douglas (Pseud.otsuga
menziesii), L97L, L972 ex L973.

- Test de 24 descendances de Pog'flus deltoides, Populus
balsanifera et P. r Jaekii, 1972.

Nous poursuivons lrextention des superficies des arboreta exis-
tanLs et corytons en cr6er de nouveaux de fagon b conpl-6ter le rEseau
projet6 de 19 stations.

Au printemps de Lg74,le Centre de recherche forestiEre des
Laurentides effectuera Les plantations dtEpinette noire relatives i 1rexp6-
rience rrRange-wide black spruce studyrr sur les superficies quril- a retenues
aux arboreta de Lac Saint-Ignace, Chibouganau et Mont-Laurier.

Quant au Serviee de la recherche, il compte Poursuivre les
introductions de m6me que la r6alisation drautres tests de provenances et de
descendances, dont, en L974, celui de 20 descendances de m61Eze laricin
(Larir LarLeirn), exp6rience no 376 de la Station forestiEre exp6rimentale
de Petawarna et celui de 59 provenances de sapin de Douglas (Pseudotsuga
menziesii) pr6vu pour 1975.
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THE @NTRIBUTION OF GENETIC VARIATION TO PRODrcTIVITY SYSTEMS

IN SPRUCE FOREST ECOSYSTEMS

A.G. Gordon

Spmtee Researeh llnit' Forest Reseaz'ch Bzwnch
)ntaz"Lo Ministt'tg of NatutuL Resoutz'ces

Forest Biology Inboratotg
Sault Ste. tr'h.rie, Ontaz'io

The objectives of this work are:

1. To elucidate the contribution of species, forms, provenances and hybrids
in productivity systems;

2. To collect and interpret information on genetic variability, crossability,
and heritability in regard to genecology and phylogeny of the genus
Pieea;

3. To evaluate the effect of seed zones (site regi"ons) in productivity
systems, and to confirm the validity of the lirnits of movement of
spruce stock between regions.

GENECOLOGY

A study has been largely completed on the genecology of. Pi'cea twbens.
A manuscript is being prepared on the genetics and taxonorny of P. vubens
and P. nari.ana. The variation Ln P. zwbens as it comes in contact with P.

rm.z,'fnna and the extent of hybridization of these species are dealt with.
Comparisons have been made with the composition of mature stands and that
of the regeneration for all sites. Plot systems cover all moisture regime
sites to the linit of P. nubens occurrence and a good coverage of P. maz'i'ana.
Data have been collected on ground vegetation, cover type, light, pedological
and chemical characteristics of the sites and vegetation.

Progeny of selected range-wide populations have been esEabll-shed
in a small number of provenance experiments on different sites, and reciprocal
crossing (not always successful) has been carried out. Hybrid progeny from
selfing and backcrossing hybrid types have been planted out.

PICETA

Studies are under way to evaluate growth and efficiency' nutrition
etc. of a large number of spruce species, forms and provenances acros.s a

wide climatic range. Experimental spruce plantations called "Piceta" have
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been established on a complete range of all major climatic zones (Ouellet
and Sherk 1967) in Ontario. One Picetum has been established in British
Columbia in cooperation with the Research Division, British Coluurbia Forest
Serv ice .

While it is expected that a good deal of the white and black spruce
seed for seedling production in Ontario will ultinately come from seed
production areas and orchards, it j.s probable that for nany years, and
perhaps indefinitely, much seed will continue to come frou normal seed-zone
collections. Seed zones in Ontario were delineated from an edaphic and
climatic synthesis by G.A. Hills (1954 etc.) and the Tree Production Unit
of the Forest Management Branch. In order to provide information towards
objective No. 3, a range of. P. gTnuea and P. rarinrla provenances representa-
tive of these zones and reciprocally planted is included in the Piceta.

Most of the experimental
provenances, 14 forrns and hybrids
years. The more northern Piceta,
Some very slowly developing lots,
planted

seedlings, representing 28 species, 50
have been outplanted over the past few
of course, contain many fewer species.
as well as replacements, are still being

IIYBRIDIZATION

A series of successful crosses representing several clones were
rnade in 197L. These included P. omoril<a. x omorika, P. omori,ks. x self, P.
nnri,ana x trnrinrw, P. twbens x twfuns, P. twbens x self , P. omo?ika. x na"'iana,
P. rneri,ana x omorifu, P. twbens x nariarla, P. naz,i.ana x rubens, P. omo?ika
x sitehensis, P. omoril<s. x glauea, P. omori,kn x engeLnnnnii. Of particular
interest is the last-mentioned cross, which has not been previously reported.
Success was judged only by the production of seedlings. Previous studies
indicat.ed that ihe number of full seed was not a sufficienLly reliable
criterion to indicate successful hybridization.

After accelerated growth, the progeny from these crosses were
planted in replicated experiments in L972. The experiments ldere designed
to facilitate comparison with earlier crosses and will be outplanted later.
A number of other intra- and interspecific crosses involving 12 Pieea species
were attempted in 1972

The work of the Unit is otherwise largely occupied with ecological
productivity studies of natural spruce forests and includes studies of growth
and nutrition, nutrient cycling, spruce forest soils and vegetation. A
substantial amount of chemical analysis is done. In L972 there were L41622
individual determinations on six nacro elements done on spruce components
and forest soils.

Ouellet, C.8., and L.C. Sherk.
Can. Dep. Agric., Ottawa.

REFERENCE

1967. Map of ptr-ant hardiness zones in Canada.
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SEED ORCI.IARDS ATID SEED PROUTTIM AREAS TN OI\TARIO

C.H. Lane, W.G. Dyer, and K.C. Eng

)ntario Ministry of Natuzal Resourees
Toronto" Ontario

SEED ORCIIARDS

An 8O-acre seed orchard site was acquired in 1971 in Tosorontio
Township about 7 miles from Angus. The site is flat, moist farmland. Six
blocks of black spruce grafts were planted at the southwest corner of the
new site in the spring of tglZ, each block containing L44 trees at' Lzr x 12r

spacing. Many ramets-were producing feurale strobili Ln L972. A large
planting program is planned for the spring of L973-

In OtConnor Township, Thunder Bay District, an additional seed
orchard site was selected to hold white and black spruce from Site Region
3lJ, which could not be added to the Mattawin Seed Orchard near Camp 503.
First plantings in this new site are planned for the spring of 1973.

The grafting program at Angus for the seasons of L97L-72 and
L972-73 is sumrnarized as follows:

Species Grafts

Survival in
greenhouse

Clones 7"

L97r - 1972

White spruce

Black spruce

Norway spruce

White spruce

Black spruce

Norway spruce

Scots pine

White pine

Close
Forest Research

r,602
1,839

40

L7

23

4

L972 - 1973

68

70

80

2, 030

820

1,050

L52

L20

PROGENY TESTING

maintained with
progeny-test ing

75

the Tree Breeding Unit (TBU),
work. After the TBU staff

2T

13

35

4

2

75

78

96

96

99

cooperation
Branch, in

was
the



control-pollinated the female strobili in the rlF" tract black spruce and.
white spruce seed orchard, local staff assisted in picking the resulting
cones in the fall. Iater, black spruce cones frorn 92 crosses hrere measured,
extracted and cleaned by Angus.staff, and sent to the TBU for testing.

SEED PRODUCTION AREAS

Red Pine

In the fall of L972, 20.30 hectolitres'of cones were picked frorn
262 Etees in the red pine seed production area at the Lynn Tract, Oro
Township. This year, seasonal pickers were employed as in 1970 but were
paid 29 per cone without any hourly rate. ,The Ministry-owned Uppups were
used, although pickers preferred !o use ladders for picking. Cones picked
from each tree were kept separate and later counted for records and payment.
The number of cones from individual trees ranged frorn 4 to Ir454. Following
is a comparison of collection costs between 1970 and L9722

r972 L970

Picking Date

Nunber of trees picked

Number of cones picked

Volume (hectolitres)
Total cost ($)

Sept.5-Sept.10
262

56,36L

20.30

L,358.42

11. 38

55.52

66.90

Sept. 15 - Oct. 8

510

118,854

36 .00

2,422.96

L4.63

s2.66

67.29

Cost per hectolitre:
SaIary

tr'Iages

Overall ($)

Height growth and diameter
were measured after cone-picking.
growth was 5 feet and that average
3 years from 1970 to L972.

increment of 185 trees in this area
It was found that the average height
dbh increment was 1.8 inches during the

l,Ihite Spruce

Two white spruce seed production areas have been established in
natural stands, one of 15 acres near Segise Lake, Dryden District, the other
of. 25 acres in Reeves Tomship, Chapleau District.

Jack Pine

Two additional jack pine seeci collection areas have been established,
one near the Firesteel River, Thunder Bay District, the other in Dunmore
Township, Kirkland Lake District.
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O_ther Specj-es

To help fill the demand for wildlife planting stock, southern
Ontario nurseries have lined out certain shrubs, such as autumn olive, to
provide rnore easily accessible areas from which to collect the required seed.
Black locust selections are also being used as seed sources on the basis of
their nectar-producing ability for the beekeeping industry.

Seed Collection

In Ehe 1971 crop year, 18.60 hectolitres of cones were collected
frorn three seed-production areas. In tl:.e L972 crop year, 57 .60 hectolitres
of cones were collected from 14 seed-production areas and seed orchards.
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CURRENT PROGMM FOR THE GENETIC IMPROVEI4ENT

OF THE SPRUCE SPECIES IN ONTARIO, I97I-72

R. Marie Rauter

Ontav,io Mi.nistrg of Nattnal Resoutz.ces
Foy,est Reseayeh By,uteh

Maple, Ontario

The obJective of the spruce program remains the same: Lo produce
genetically superior trees for Ontario. Now that clones within our seed
orchards are producing more abundant rnale and female flowers, detailed cross-
ing patterns are being used in attempts to get improved strains of our native
material for the regeneration program. In addition, we have started a nursery
selection program in which the selected seedlings will be rooted and eval-
uated. In the latter approach, we expect to get significant genetic improve-
ment in a relatively short time. In the past, emphasis was placed on
producing hybrid material. Many hybrids were obtained and are being tested
to determine their worth. The primary characteristic we are concerned with
in all of these programs is rapid growth to shorten the rotation age, espe-
cially rapid growth in the early years so that trees can overcome competition.

SELECTION AND IMPROVEMENT OF BLACK AND WIIITE SPRUCE

This aspect of the program is a cooperative effort lyith the Tree
Improvement Group and the field staff of the Forest Management Branch of our
Ministry. They are responsible for the selection of the pLus trees across
the province and for the establishment of these trees in seed orchards. It
is the responsi.bility of our Tree Breeding Group in Research to test and
evaluate all of the selected material.

A modified biparental mating design is used to produce full sib
progeny from the plus trees in the orchards. Table 1 dernonstrates the pattern
of crossing. Each clone is used three times as a male and three times as a
female. We feel that the advantages of this design are many. As both parents
are knornrn' we can get a good estimate of specific combining ability. Since
each clone is used six times, we can obtain an estimate of general combining
ability. Also, since every family has both parents identified, we can select
the best individuals from the best families and use this material as a basis
for a second-generation orchard.

To date, our breeding work has been concentrated in the black and
white spruce clonal orchards for seed zone 3E. The clones for these two
orchards were flrst outplanted in 1966. Each year they produce more flowers
than the previous year, but there is sti11 a shortage of male flowers to
supply all of the required pollen, especially in the white spruee orchard.
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TABLE 1. PATTERN OF CROSSING
FOR SPRUCE ORCHARDS

IN THE MODIFIED BIPARENTAI I.{ATING DESIGN USED

IN ONTARIO

c

L

Crosses were made with these clones in earlier years, but L972 was the first
time that the biparental mating design was used.

It will be several years before the crosses for all of the orchards
are completed an.d several more years for the progeny to be eval-uated and
reselected. But, as sufficient seed from a number of crosses in any one
orchard i-s produced, seedlings will be groffit and outplanted in replicated
field tests with controls to evaluate the potential of that orcharcl. As more
crosses are completed, a second set of trials will be established with the
same controls as in the original experiment. This will be continued until
all of the required crosses of that orchard are completed. The controls will
provide the continuity for comparison of the various progeny in the different
outplantings.

The seed orchard improvement program is a long-term approach, and
it will be years before large numbers of genetically improved seed are har-
vested. As an interim measure, in cooperation with the Forest Management
Branch, we will be involved in testing and evaluating seed-production areas
throughout the province. This will provide seed with some degree of genetic
improvement unti-l the seed i:tom the orchards becones available.
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VEGETATIVE PROPAGATION

Another aspect of our work that, appears very promising is the repro-
duction of select material- by rooting of cuttings. A new program was
discussed in 1971 and initiated in 1972 as a result of the successful rooti.ng
of cuttings in early experiments. Se,lection was started in six of our large
nurseries in Ontario. The three northern nurseries are selecting bl-ack and
white spruce, whereas the southern nurseries are selecting only white spruce.
The features looked for are height, diameter at root co11ar and stem and
branch form. To date some of the selected trees are as much as L507" Iatger
than the controls. These trees are placed in a holding area until they are
large enough for cuttings to be taken. The cuttings are placed in rnist beds
and rooted. The rooted cuttings are to be outplanted in clonal tests on a
variety of sites. These test plantings will give us much information on
genetic repeatability and enable us to evaluate the field performance of each
clone. The best clones can be propagated on a relatively large scale and
incorporated into a provincial program of regeneration trials. I,,le hope to
get significant improvements in this field in a short time.

Cuttings that rooted in preliminary experiments were planted in the
nursery for observation. During the first two growing seasons after rooting,
some trees exhibited signs of topophysis. However, once the trees became
established, they grew upright. These rooted cuttings now have good form
and growth and appear to be sturdier than seedlings of comparable age. Some
clonal differences such as time of bud break, branch ang1e, and growth unifor-
mity can readily be seen in the tests. This demonstration lends more emphasis
to a selection program and reproduction through vegetative means

Several rooting trials were established in L972. Eight trees of a
hybrid Picea schrenkiana x glauea were set out to root. One half was estab-
lished at Maple in an enclosed mist chamber and the other at Orono under an
open mist system. Twenty-five cuttings per clone were used at each location.
The rooting percent averaged 80 at Maple with a range of 68 to 88%, and 91
at Orono with a range of 68 to 1002. In 1969 the same population at four
years of age was used in a rooting experi-ment and the overall rooting percent
was 76. Now at seven years of age there is an overall average of 867". Thus,
to date, there is no indication of aging with regard to rooti-ng. We will
continue to take euttings at 2-3 year intervals in this and other species
populati-ons to observe the expected decline in rooting success with age. A
similar test at the two locations was established with cuttings taken from
grafts of black and white spruce where the age of the parent was a maximum
of 110 years. On,: hundred and twenty-f ive cuttings per clone r^rere set at
each location. The rooting percent averaged 19 at Orono and 20 at Maple for
white spruce, and 8 and 4 respectively for black spruce. Another experiment,
with grafted material of Norway spruce, had an overall rooting i{verage of 357.,
many of the clones rooting less than 102 but some rooting as lrrigh as 652.
Any rooting success with grafted material of mature and overmature trees
indicates a possible rejuvenation of material through grafting.
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INTERSPECIFIC ITYBRIDIZATION

The breeding program at Maple has produced many hybrids that appear
prourlsing in early nursery results and field tests. Two of the crosses mer-
iting further interest ate Pieea gLauea x sitchensis and P. marLana x omov,ika.
If these crosses continue to do as weLl in the next few yearsr.we will produce
moreofthehybridseedfor1-argeroutp1antingS

The crosses made in I97L-72 that produced full seed are the follow-
ing: reciprocal crosses of P. abies and P. koyonai, P. gLauca and P. omorika,
and P. mariana and P. omoz"Lka, and individual crosses of P. abies with
asperata, gLauea and meyeri; P. asperata with meyerL and koyanai, P, glauca
with abies and pLmgens3 P. glehnii withmarLana and prmgensi P. koyanai with
omortka; P. marLuta with asperata and, jeaoensis; P. neyerL wi.th dsperata and
koyanaia P. pwtgens wi-tll. asperata, meyez,i and pmgens; P. sehrenkiana wLth
abies, omorika and, pwtgens.

VARIATTON STIJDY

Measurements were taken in 1971 and 1972 on the black spruce ecotype
naterial nentioned in the last report. To date the only significant differ-
ences are occurring between localities, with Thunder Bay the best, Cochrane
the poorest, and Geraldton in between. There is a very high correlation
between latitude and height growth. The differences in these three localities
were also highly significant in the original experiment, which was established
in the early sixties. The nursery results of both of these experiments
indicate no significant difference in performance between upl-and stands and
lowland stands. The first experiment r^ras outplanted at Swastika in the spring
of 1967; the second will be replicated on upland sites at Dog River, near
Thunder Bay, and at Limestone Lake, near Nipigon, in the spring of. L973.

ACQUISITIONS

Our spruce collection was enlarged by acquisitions of seeds of Picea
bz,euer.iand, P. sitehensi,s, P. smithiana and P. abies. The seedlings of P.
breuez,iana are extremely slow-growing but have survived our winters. There
is much variation in the frost resistance of the P. si,tchensts, and many
seedlings have survived two winters with litt1e damage. The P. smithiana
showed very little resistance to frost, and most of the population has been
lost. From the Petawawa Forest Experiment Station we also received seed from
21 select populations of white spruce from Ontario and Quebec.

Grafts and cutting material were collected in Massachusetts from
15 clones of P. abies x asperata, L2 of. P. abies x koyanai, L6 of P. abi.es
x montigena, 26 of. P. asperata x abies, 5 of P. asperata x aspenata, I of
P. aspenata x kogunai, 8 of P. montigena x abies, 20 of P. monti.gena. x
asperata, 5 of P. nontigena x koyamai, 2 of P. montigena x montigena, and 1
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of P. montigena x retvofLeta. P. abies cutting materiai was also received
from several of.the other northeastern states.
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SI.IVIMARY REPORT ON POPI.AR

rru 19/1 nruo

PINE BREEDINGAI\D

r972

L. Zsuffa

)ntario Mi,nistty of Natuzal Resouz'ces
Forest Research Brartch

MpLe, )ntario

POPLARS

Our aim is to produce strains of native and hybrid poplars having
superior growth, good form, desired wood quality and resistance to diseases.
Speeial attention is given to high-yielding pulpwood varieties. The main
approaches are through selecti.on, propagation of the selected trees,
establishment and nnnagement of breeding arboreta, hybridization, polyploidy
induction, nursery testing and propagation, and field testing.

Up to now a remarkable number of outstanding trees have been
selected and bred. Nursery and field testing of these trees is under way,
the tests providing information on the potential for growth, other silvi-
cultural characteristics and wood quality. The results of testing and the
potential of hybrid poplars for short rotation plantations have been discuss-
ed by Zufa (I97La, L972a) and Zufa and Balatineez (1971). Recent figures on
the growth of hybrid poplars are presented in Table 1.

The poplar breeding program has a special significance in south-
eastern Ontario where regional deficiencies of wood have developed. Chemical
and groundwood pulp made from fast-growing poplar compare favorably with
pulp made from regular poplar and mixed hardwoods. As a result, pulpwood
production trials of fast:growing, good-quality hybrid poplar strains in
short rotations are under way on a range of soils in this area. The pulp-
mills support and the Ontario Ministry of Natural Resources' field organiza-
tion cooperate on these projects.

The hybridization work in 1971 and L972 eoncentrated on crosses that
produced outstanding progenies in the past. These were of P. alba. x
grartdidentata, P. grandffientata x alba and P. alba x dnudi.ana tyPe. The
goal is to produce seedling stock for testing on a variety of sites.

The testing for frost hardiness in northern Ontario nurseries
continued (Zufa Lg7Lb, 1971c). In the f irst series P. x eulv,tte?icana
clones were tested; of these, cultivars gelrica, Lons, Robusta (Gerrnany)
and Tardif de Chanrpagne proved to be the most resistant, and field testing
has begun. In the second series, P. deltoides and P. x iaekii progenies
and hybrid cottonwood and hybrid aspen clones are being observed in northern
Ontari.o nurseries.
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The plantations of exotic poplar species (Zufa 197lb, 197lc) were
further expanded. They consist of one-parent progenies of selected Lrees of
P. alba, P. canescens, P. tzermtla, P. nigrw and P. dnuidiana. In 1971 and
1972 seeds of these species were obtained from Czechoslovakia, Finland,
France, Germany, Hungary, Italy, South Korea and Yugoslavia. The nursery
stool collection and the breeding arboretum were also increased by additions
of P. d.elto'Ldes, P. jaekii, P. balsami,fetu, P. tzenwloi.des and P.
gz'andidentata selections f rom Newfoundland, Quebec, Illinois, Michigan,
Minnesota, !ilisconsin and Ontario.

}'IIIITE PINES

The iurprovement of eastern white pine by selection and breeding
and the development of hybrid white pine varieties of rapid growth, desired
silvicultural characteristics and resistance to blister rust are the objec-
tives of this program.

In 1971 and, L972 the work concentrated on provenance studies,
hybridization, progeny testing and vegetative propagation.

The earlier established provenance trials are being assessed. The
L2-year results of an eastern white pine geographi.c-variation sLudy showed
the same pattern for correlation of tree heights with latitude, mean January
temperatures and length of frost-free period of place of origin as at the
end of the seventh year (Fowler and Hej-mburger 1968). However, in both
test plantations at the end of the twelfth year the Pennsylvania, Nova Scotia
and New York sources showed significantly better height. and diameter growth
than the local Ontario source (Table 2). Thus provenance variation in
eastern white pine appeared to be sufficient to warrant selection.

The hybridization work concentrated on breeding Himalayan white
pine x eastern white pine. Many of these hybrids exhibit heterotic growth
paired with a considerable degree of blister rust resistance.

The control-pollinated and open-pollinated progenies are tested
at two levels: in the nursery and in the field. The former involves
artificial inoculation for blister rust testing (Zuf.a 197lb, 1971c).' In
the past two years nursery tests of progenies of P. griffithLi x stz,obus
crosses and backcrosses, P. montieola crosses of resistant trees and P.
stnobus crosses of resistant trees were established and observed. In the
field, the performance of the seedlings and their resistance to blister
rust and weevj-l in natural conditions are observed. Three test plantations
of P. stv'obus and P. griffi.thni x stz,oblts progenies were established for
this purpose. Also, more seedlings of these two varieties, as well as
seedlings of several P. grnffithii populations, ri/ere prepared for field
planting.

The propagation of white pines by cuttings is successful (Zufa
1971b, L97Ic and L972b). Ia 1972, a clonal test of rooted cuttings was
established in the field. This will provide genetic as well as silvicultural
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TABLE 2. T}ilELVE-YEAR HEIGHT AIID DIAMETER OF P. S?ROBUS IN TURKBY POINT AND
GAI{ARASIG FOREST PROVENANCE PI,ANTATIONS

Provenance
Iatitude Height -
" North Turkey Point

(ft) Diameter (dbh) - (in)
Ganaraska Turkey Point Ganaraska

Georgia

Tennessee

Ohio

Pennsylvania

Iowa

New York

Nova Scotia
l,laine

!ilisconsin

Quebec

Minnesota

0ntario

34. 8

36 .0

40.8

41.1

43.3

44.4

44.4

44.9

45.8

46.4

47 .4

47.5

L7.59

L6.77

16.83

L7.L5

12.99

16:3lt

L7.39

L5.25

L4.64

13. 78

15. 18

16.10

T2.I2

12.08

11.35

13.16

9.69

12.72

13.90

12.01

T2.L9

11.33

11.66

lt_.45

3.28

3.29

3. 16

3 .0s

2.32

2.96

3 .05

2.66

2.53

2.3r
2.67

2.7L

2.33

2.32

2.LL

2.44

1.60

2.34

2.52

2.16

2.L9

2.04

2.12

1.90

information. At the same time cutting propagation stools of the pronising
clones, which also show consist.ent rooting ability, were established and
their propagation, for larger-scale testing, rdas initiated.

HARD PINES

The objectives of this program are to improve red pine by selection
and breeding and to develop disease-resi.stant hard pines of superior growth.

In red pine, crosses were made $rith red pine pollen, irradi-ated at
250R and 500R, to introduce more variation in its progenies. In previous
years, att.empts were made to produce interspecific hybrids of P. zesinosa
by using highly irradiated (200,000R) recognition pollen of red pine as
intermediate. Few putative hybrids of P. Tesinosa x ni,gzla and P. res'i,nosa x
densiflozw resulted (Zufa L97Lb, 197lc). Microtechnical- studies are in
progress to identify these hybrids.

To test hybrid hard pines, more seedlings of P. densiflora x
syluestnis x ni,gm, were produced in several combinations and prepared for
outplanting. Two comparative field plantations of these hybrids were
established. Also, more seedlings of P. ztigidn x taedn were prepared for
testing on a variety of sites. This hybrid demonstrated outstanding growth
in a small test plantation at Turkey Point, ht. (Lake Erie). A partial
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survey of test plantations of hybrid hard pines showed surprisingly good
performance of other hybrids as well (Table 3).

TABLE 3. EXAMPLES OF GROWTII OF IIYBRID HARD PINES IN SMALL TEST PIANTATIONS ,
IN SOUTIIERN ONTARIO

Hybrid
Age No. of Average Ht. Average DBH

Location (yr) trees (ft) (in)

P. (densiflora x }4ap1e
austriaca) x
syLuestris

P. syluestris x Maple
(densiflozw x
ausaTLaea

P. tigida x Turkey Point 8 138 18.1
taeda

P. rigidn x Turkey Point B 37 L7.5
E L LLOTD1.1.

P. nigida x Turkey Point 6 63 L4.2
taedn

9 27 18.3

9 24 L7.5

3.4

3.3

3.7

3.3

2.5
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RESEARCH ON TREE GENETICS AND BREEDING AT

PETAWAWA FOREST EPERII"ENT STATION, I97L-73

A. Carlisle

Cmadim Forestrg Seruiee
Petquana Foy'est Erperiment Station

Chalk Rioer,, OntayLo

INTRODUCTION

The purpose of this report is to give a broad outline of genetics,
tree improvement and related research activities at Petawar,ra for the two-year
period L97L-73. The other reports on individual speci-es and problems give
the details of the work.

PROGMM DEVELOPMENT

The two year period was one of continued austerity. In common with
many other research stations in Canada and the United States, it has been
necessary to reexamine the Station's priorities in the context of liurited
budgets. Every year it becomes more and more necessary to justify research
Programs in economic terms, and to att(rpt to quantify "intangible" benefits.

One problem has been that the peri-od of austerity, with its limi-ta-
tion on manpower and money, has coincided with a period of labor-intensive
work, i.e. the remeasurement of most of the 10r 15 and 2O-year-old trials.

The Petawawa program in tree genetics and breeding is closely linked
with operational needs, priority being given to species most widely used in
man-made forests east of the Rocki-es. The program includes basic research
aimed at finding shortcuts for raising experimental material, carrying out
short-.term genetic trials, and screening trees at an early age for superior
growth potential. This physiology research is closely linked with the
genetics research, particularly in the case of white spruce.

During the 1971-73 period, a team of one geneticist and one physi-
ologist (lr. a.U. Teich and Dr. D.F.W. Pollard) went on an expedition to the
Yukon to collect seed and examine the variability of the white spruce. Parts
of this area were free from ice during the last glaciation and it is possible
that these will prove to be the locations of centre of diversity.

There has been an increase in liaison with geneticists and silvi-
cultur-'-sts of the Ontario Ministry of Natural Resources and the forging of
links with people engaged in work on shade trees, notably the Ontar.i.o Shade
Tree Council.
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Petawawa Forest Experiment Station is in the process of deveLoping
a program concerned with the interpretaticln of research and forest activities
to varied audiences, particularly nontechnical audiences. This has led to
consideration of ways and means of interpreting the genetics and tree breeding
research to the public as well as to foresters who are still unable to see
the value of genetics and tree improvement research in operational forestry.
trrle are conscious that although a very good case can be made, and indeed has
been made, for the support of genetics and tree inprovement research' this
case has not always been made to the right audiences. The interpretive pro-
grarn will- give us a good opportunity to put this case to a very wide spectrum
of people.

RESEARCH PROGRESS AI.ID REST'LTS

Jack Pine (Pinus banksiuw Lamb.)

Further work on the injury of jack pine by col-d and pests was carried
out, and a number of northeastern provenances were found to be resistant to
scleroderris canker, supporting earl-ier findings. A survey of lodgepole pine
(Pinus conto!,ta vir. LatifoLia Engelm.) and jack pine x lodgepole pine hybrids
demonstrated the lack of resistance of both lodgepole pine and the hybrids to
srnreet fern blister rust.

Plus and minus jack pine were selected for grol^7th, form and suscepti-
bility to insects and diseases, and provenance hybrids were made.

White Spruce (Picea glauca lt"toenchl Voss)

Progenies from individual trees from Beachburg \^tere tested by accel-
erated gror^rth techniques to identify trees with inherent superior growth
potential; promislng progenies were field-planted.

Seed collections for the all-range white spruce trial were initiated
with ernphasis on Ontario. A seed collection was made in the Yukon in a
possible centre of diversity.

White spruce genotypes with both precocious flowering and good growth
r,trere located.

Further examination of the provenance trials supported the earlier
findings that the Cobourg, Ont., provenance is superior at many test locations
to the other tested provenances. As the trial-s grow older, the gains of this
and other superior provenances in relation to the local proveniincc's increase
substantially.

Black Spruce (Pieea mariana [Mi11.] B.S.P.)

As part of the all-range black spruce trial, nursery sowings and
trials r^7ere established by cooperators in Newfoundland, the Maritimes, the
Lake States and Alberta.
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A complete diallel experiment roas established in the Petawawa nur-
sery, and black spruce provenance hybrids were planted in a field experiment.
A eooperative progeny test program is being developed with the Ontario
Ministry of Natural Resources.

Red Pine (Pinus resinosa Ait.)

During the two-year period the main activil:y has been measurement
of the provenance trials and progeny 'r-esis and the establishement of a prove-
nance hybrid experiment.

Introduced Species

The emphasis was on larch during L97L-73. Here also the work concen-
trated on measurement of trials. Plus trees were selected and scions distri-
buted to cooperators, and a preliminary paper was published on survival and
growth of exotic larch species and hybrids. (teich and Holst L973). A stand
test of local tamarack progenies was sown.

Phys.lology

The growth acceleration
being used successfully for many
houses.

system devised by the physiologists is now
purposes, in cabinets, chambers and green-

Fast- and slow-growing provenances of jack pine have been found to
have different photosynthetic rates in the fall. However, attention is turn-
ing from the use of rates of photosynthesis as a screening tool to the possi-
bility of using the endogenous and environmental factors of bud development.

The Seed Unit

Demands on the Unit for seed collection, extraction and testing have
doubled in the past few years, and this year (1973), the Unit has been pro-
vided with additional orofessional help.

The seed bank now carries seed of 61 species and 375 provenances of
knovm origin and quality for research purposes. The Unit participates in
referee testing for the International Seed Testing Association.

A review of seed storage methods has been produced and is in press.

STAFF MOVE},IENTS

Dr. Teich returned in L972 from his yearts stay in Israel, where he
studjed the genetics of citrus species, and resumed hls research on white
spruce. The author was seconded to the Canadian Forestry Service l{eadquarters
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in Ortawa for two periods of three months to work on the preparations for
the Stockholm Conference and to assist in writing and editing a book on
conservation.

Dr. Venkatesh, a Canadian Interrrational Development Agency (C.I.D.A.)
fell-ow from lndia, who is an experl-enced geneticist, visited the Station
during the period May-August 1973, to obtain experience in hybridization
techniques. An F.A.O. fellow, R.S.W. Nkaonja of Malawi, also spent the sunmer
of J-973 at Petawawa assisting with the genetics program.

This year (1973) additional professional assistance will be provided
for the Seed Unit to enable Mr. I'Iang to devote more of his tine to investiga-
tion of seed testing and storage methods.

RESEARCH FACILITIES

During the year an extension was made to the cone-drying and storage
shed, and plans have been made to construct a vault for storage of genetics
and tree-breeding records. The ol-d nursery buildings have been replaced by
structures better suited to rlursery work and J-arge-iutplement storage.
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THE INTRODI..CTION AND SELECTION OF

EXOTIC TREE SPECIES, PETAWAWA,

r972-R

M.J. Holst

Canadian Forestzg Seraiee 
.

Petauaua Forest Erpenirnent Station
Chalk Riuen, Ontario

INTRODUCTION

The objective of this project is to determine the role of selected
genotypes of exotic species in Canadian forestry. In eastern Canada some
exotic tree species have outproduced native species or have shown resistance
to native insects and diseases. Others have produced high yielding species
hybrids. Thus there is a definite need for introduction of the most promising
exotics

Duri-ng the period 1937-50, Dr. C.C. Heimburger and Professor
J.L. Farrar established several test plantations of spruce (Picea spp.),
pine (Pinus spp.), fir (Abies spp.), larch (Larir spp.), poplars (Populus
spp.) and other hardwood species (BetuLa spp.r Franinus spp. and Ti,Li,a spp.).

During the period 1950-73, the Petawawa Forest Experiment Station
(P.F.E.S.) and cooperating organizations in the United States and Canada
established the following experiments with exotic species or species groups:
Norway spruce (Picea abies [L.] Karst.), 95 experiments on 263 acres; other
exotic spruces, 48 experiments on 44 acres; Scots pine (P'Lnus syluestris
L.), 61 experiments on 100 acres; other exotic pines, 43 experiments on
48 acres; exotic larch species, 46 experiments on 72 acres; and birch, L7
experiments on 10 acres.

NORWAY SPRUCE

The production of hardy, fast-growing and weevil (Pissodes strobt)
Peck) resistant types continues to be the main objective of breeding work
in Norway spruce.

I,Iork Done during 1972-73

Itardy and weevil-free types were selected in a 3O-year-old second
generation plantation (Exp. No. 29) derived from the winter-hardy Norway
spruces selected by Dr. C.C. Heimburger at Hudsonts Place, P.F.E.S. Scions
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of these were sent to the Ontario Ministry of Natural Resources, Angus, Ont.,
and to the Institute of Forest Genetics, Rhinelander, llis., for use in the
establishment of seed orchards (Exp. No. 387-4 and -B).

We furthermore selected hardy weevil-free types out of 2O-year-old
Norway spruce observati-on plots of fast-growing but frost-tender European
provenances established for this purpose (Exp. No. 76 and 80-A and -B). These
were grafted for further testing and observation of Norway spruce of known
origin at P.F.E.S.

In the fall of 1971 two open-pollinated progeny tests of the wi.nter-
hardy Norway spruce on lludsonr s Place were measured when they were 2L yeats
old (Exp. No. 120-A and -B). On the good spruce site there was higtr survival,
good growth and very little weevil daurage. On the poorer shallow part of
the poorer spruce site there were low survival, poor growth and high weevil
damage. On the better part of the poorer site there vtere high survival,
fairly good growth and fairly high weevil daurage. Some of the parent trees
were propagated as cuttings by Dr. Heirnburger and Professor Farrar in L940-42
and were planted in replicated plots in our arboretum. These were measured
and scored for weevil damage in the fall of L972. Both the amount of weevil
damage and the ability to recover from weevil damage are of importance and
are easily observed in the clonal material. The darnage pattern is also'
visible in progenies from open pollination.

In the fall of 1-972 several provenance tests about 30 years old
were measured and thinned (Exp. Nos. 19, 20r 29 and 30). These included the
IUFRO provenance experiment of 1939 (Exp. No. 28), for which we have 10 years
of annual observation of weevil danage. Summaries and interpretations of
these data are in progress.

On June 10, L972, a very severe late spring frost offered the
opportunity to score spring frost darnage in various tests (Exp. Nos. 6-C
and -D, 10, 80-A, 119-open, 265-A, -B and -C, 277-A and -C, 310-A and 352-4).
More than 141000 plants were scored, and we hope to use the data for later
selections of late-flushing types.

Measurements were made in a provenance test located at Longlac,
Ont. (Exp. No. 200-E), and in three nursery single-tree progeny tests and
provenance experiments at P.F.E.S. (Exp. Nos. 308-8, 349-A and 357-4).

Nurserv Test of 24 Polish Provenances

In 1964 Dr. M.M. Giertych.of the Institute of Dendrology and Kornik
Arboretum, Polish Academy of Sciences, collected seed from 25 native stands
of Polish Norway spruce. The sample was 10 trees per stand. In Poland this
material was used to study cone morphology, phenology, response to grass
cornpetition, and response to varying concentrations of nitrogen, phosphorus,
potassium, magnesiun and calcium.

Twenty-four of these provenances were sown in 1965 in the P.F.E.S.
nursery and transplanted in 1967 in five replications with 100 trees per
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plot (Table 1). In the fall of 1968 the height of 20 random trees and the
10 highest trees per plot were measured. There were significant differences
between provenances in both types of height (P<.01). In L968 a count was
made of the number of trees with double leaders. In the spring of J-969
winter frost damage was scored, but it was obvious that some of the slower-
growing provenances were covered by snow and not exposed to the desiccating
winter sun. A general rating of the frost damage was done on the plants
tlrat remained in the nursery in the spring of 1970. The association between
heights, multiple leaders and winter frost damage was investigated (Table 2).

Using 20 random trees per plot, l,Iisla had the best growth, closely
followed by a group of fast-growing provenances with very similar heights
(Blizyn, Garbatka, Rycerka, Istebna and Stronie), while Konstancjewo, Brody
and Ilawa still had acceptable growth rates. The provenances with inter-
mediate growth were Angustow, Nowe Ramuki, Suwalki, Goldap, Kowary,
Miedzytzec, Przetwanki, Wetlina and Bialowieza. The slow-growing provenances
were Myszyni-ec, Zwierzyniec, Borki and Slawki - and the very slow growing
provenances were Sadlowo and Dolina. The correlation between provenance
heights in Poland and at P.F.E.S. was high (r = .77; P<.001).

When the 10 tallest trees per plot (about L07" of the plants) were
measured, Rycerka and Istebna clearly grew better than Stronie, Wisla and
Konstancjewo. Garbatka, Augustow, Miedzyrzec and Brody had acceptable growth
rates. Ilawa, Kowary, Bialowi-eza, Zwierzyniec, l{etlina, Goldap and Ptzerwanki
had intermediate growth. The slow-growing provenances were Suwalki,
Myszyni.ec, Nowe Ramuki and Slawki - and the very slow growing provenances
were Doli-na, Borki, and Sadlowo.

This material lends itself well to estimates of within-population
variation, as each provenance lot was uniformly sampled (10 trees per stand).
Norway spruce is renovrned for its rrithin-stand variation of taxonomic
characters and phenology. To get an estimate of within-population variation
in height, in each 100-tree plot we measured a random sample of 20 trees
as well as the 10 t.allest trees per plot and calculated the coefficient of
variation (c.v.). If the provenances r^rere very variable (high c.v. ), inter-
mediate or very uniform (low c.v.) this could possibly explain their
response to selection.

llithin the framework of the nursery experiment at P.F.E.S. we
compared mean height and ranking of a random sarnple and a selection of the
highest IO% of. the trees. The increase in height by this kind of selection
is substantial. Among the fastest-growing provenances it was 422 for l,lisla
and 357" for Blizyn, Garbatka, Rycerka, Istebna and Stronie. However, it is
only nursery selection. Whether or not the selection would be effective
would depend on the within-population variation in height: if it is high'
our selection would be effective, but we may end up with a variable
population; if it is 1ow, our selection would not be as effective, but we

should end up with a less variable population. A few examples to clarify
the situation follow.
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TABLE 2. CORRELATION OF CTIARACTERS FOR 24 POLISH NORWAY SPRUCE PROVENANCES

xz *3 x4 x5

Xt Height of 20 random plants +.87*** +.41* +.85*** +.49*
xz Height of 10 tallesr plants +.33 +.86*** +.54**
Xa Multiple leaders 1969 +.28 +.11

X+ tJinter frost damage L968-69 +.58**
X- Winter frost score 1969-70. The
' r"rrg." 0-1 and 1-2 calculated as

0.5 and 1.5

Signif icantly different : *P< .05; :'sfrp< .01; *'lsr*pa .00I.

After selection of uhe highest. 1.OZ of the trees, Rycerka and Istebna
attained first and second rank (they gained four ranks each) through their
height c.v. (respecti-vely 0.227 and 0.233). Stronie attained third rank
(it gained three ranks) by having a good heighu to start with but a low c.v.
(0.091). BLizyn (fourth rank) fell two ranks by being the most variable
of all the provenances (c.v. = 0.362). Wisla was the tallest of the
provenances in the comparison of 20 random trees but fell to fifth rank
because of its low c.v. (0.088); i.e., it did not respond to selection.
This within-population variation explained the effect of selection very well.
It is furthermore worth noting that populations that are variable before
selection retain their variability after selection. The same holds true for
uniform populations. The correlation between c.v. for 20 random plants and
the 10 tallest plants is high (r = .81 P<.001). Thus the variable populations
will likely respond to further selection, while the uniform populations are
of interest only if they are fast-growing from the start.

There riras no geographic pattern to the variation in c.v., nor was
the c.v. related to provenance height or levels of winter frost damage. Thus
the c.v. must be determined experimentally for a specific material in a
specific environment.

Winter frost darnage for 1968-69 was assessed by counting the number
of plants having winter-burned needles in l"lay L969. Because of the many
zero values, a constant (0.f) was added to each plot mean and the data were
then transformed by arcsin percentage to rnake them more nearly normal in
distribution. There \^rere signif icant differences in winter damage between
provenances (P<.01). This assessment is only of limited value, as not
all the plants were above the snow line. This ranking of winter frost
damage is therefore highly correlated with provenance height (r = .85;
P<.001). One year later a second attempt was rnade to assess winter damage
in the plants that remained after field planting. Here sampling was
probably less satisfactory, but the overall assessment is more appropriate
to the problem. The correlation with provenance height is lower (r = .49;
P< .05) .
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In general, multiple leaders develop when plants .are injured by
late spring frost or early fa1l frost. In our experiments the damage was
caused mainly by spring frost, but the exact phenological stage at which
the darnage occurs has not been established. Brody (362) was significantly
different from the other provenances. Also high were Konstancjewo (297"),
Nowe Ramuki (262) and Slawki (267"). Lowest were Borki and Dolina (both I9Z).
The darnage pattern is significant (P<.01) and weakly correlated with the
height of 2O random plants (r = .41; P<.05).

A Nurserv Test of Central-European and Canadian [o3wgv Spruce Provenances

The purpose of this experiment was to assess the growth rate and
hardiness of the fast-growing, but perhaps frost susceptible, provenances
from the Carpathian Mountains and the mountain range between Czechoslovakla
and C,ermany (Bbhmerwald, Thiiringer I'lald and Erzgebirge) with the slower-
growing but frost-hardy provenances from Latvia, Lithuania and lJhite Russia
and to compare these with Norway spruce selected in Canada.

In 1963 Dr. V. Benea of the Forest Research Institute in Roumania
provided seven provenances from the Carpathian Mountains. From the south-
west slopes of the Carpathians we got seed from Toplita, Turda and Cimpini.
We also obtained seed from the northeast slopes of the Carpathians (Marginea'
Dorna Cindreni and Cornanesti). Seed from Ryeerka, Poland (obtained in the
seed trade) would also qualify as coming from the Carpathians. There are
three provenances from high yielding stands in Germany representing Bdhmerwald
(Tdnnesberg), Thiiringer V'Iald (Rothenkirchen) and Erzgebirge (Carlsf eld) .

There are six provenances from Latvia and Lithuania (where previously we
have obtained hardy and fairly fast-growing provenances) and three prove-
nances from White Russia. In addition we have tesLed four Canadian prove-
nances. The origin of all provenances is shown in Table 3.

This provenance material hras sown in the same year - and treated,
measured, scored and calculated in the same manner as rhe 24 Polish prove-
nances already discussed.

There were significant differences between provenances in the
height of 20 random plants and the 10 tallest plants (both P<.01), in winter
frost damage (P<.05), the differences in this case being correlated with
provenance height (r = .59 to r = .64 P<.001), and in the number of rnulti-ple
leaders (P<.01), these differences being weakly correlated with the mean
winter-frost score for 1969-70 (r = .42 P<.05). The association between
characters is shown in Table 5.

There hrere no major changes in ranking based on 4-year height when
20 random trees were used or when the 10 tallest trees were used (Table 4).
The tallest provenances came from Rounania. Best were Toplita, Turda and
Cimpini (mean 41.5 cn), and Dorna Cindreni and Marginea (mean 39.0 crn)
qhile Bicaz (36.7 cm) and Comanesti (33.5 cm) were less vigorous. Thus the
three provenances from the southwest slopes of the Carpathian Mountai-ns \^rere

faster-growing than the four provenances from the northeast slopes. A11
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TABLE 5. CORRELATION OF CHAMCTERS FOR 25 NORWAY SPRUCE PROVENANCES

xz x3 x4 X-)

Xt Height of. 20 random plants
XZ Height of 10 tallest plants
X: Mulriple leaders 1969

X4 Winter frost damage 1968-69

Xq I,rlinter frost score L969-70. The" ranged 0-1 and 1-2 are calculated
as 0.5 and 1.5

+.98*** +.04

+.04

+.62x**
+.63x**.

+.42*
+.54*x

+.59**
+.64**x

+,23

Significantly different: ?'sP<.05; :tztp<.91; fr:!:lp<.001-.

the Roumanian provenances were damaged by winter frost - Toplita, Turda and
Cimpini most (mean L5.62) and Dorna Cl-ndreni, Margi.nea, Bieaz and Comanesti
least (mean 7 .37").

Of the three German Norway spruce provenances tested, THnnesberg
and Rothenkirchen ranked sixth and eighth (mean 38.7 cm), while Carlsfeld
was slower-growing (13th and 35.4 cur). A11 provenanees had a tendency to
form many double leaders, and Carlsfeld was slightly more resistant to
wj-nter f rost damage.

A11 the provenances from Latvia, Lithuania and White Russia were
slow-growing and below the mean of the provenances tested. Best of this
group was Minsk, from l,trhit.e Russia, which attained 14th rank (34.5 crn). The
other White Russian provenances (Gorodokski and Glubokski) attained 17th
and 23rd rank (32.1 cm and 29.5 cm respectively). The provenances from
Latvia and Lithuania (Daugavpils, Tukums, Auce, Jelgava and Wi-lno) had a
mean height of 30.6 crn and attained l8th, 20th, 21st, 22nd and 24th rank.
Skede had significantly less height growth than the other provenances (25th
rank and 26.5 cn) and had most plants with double leaders while Tukums had
very few plants with double leaders. A11 provenances in this group were
winter-hardy and resistant to winter burn.

Of the four Canadian provenances the general collection from around
I'lilsonrs Manure Plot in the Proulx Plantation, GrandtMdre, Que., ranked
fourth (4L.2 cn). The plus trees from Wilsonrs Manure Plot had 16th rank
(33.5 cm). These trees originally came from J'dmtland, in northern Sweden, and
were pollinated mainly with trees within the stand. Both lots are winter-
hardy. The third lot collected in the Proulx Plantations includes mainly
German Norway spruce and is intermediate in growth (37.6 cm, 10th rank) but
had a higher winter frost score. The lot from Hudsonrs Place, on the
Petawawa Forest Experiment Station, Ontari-o, had a surprisingly low ranking
(19th). However, we have observed that 2-2 nursery stock of the four slender
and fine-branched trees selected for weevil resistance (S.T.100, S.T.109,
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S.T.ll-6 and S.T.I22) urere snaller than the other trees tested. When f ield-
planted they tend to pick up. The lot that came from weevil-free trees on
Thomas Field, on the Petawawa Forest Experi.ment Station, contains a mi-xture
of provenances from the IUFRO provenance experiment, trees originati-ng from
Hudsonr s Place and from German Norway spruce selected for frost hardiness
in the Proulx Plantations. It has llth rank and is fairly frost-susceptible,
perhaps mai-n1y owing to backcrossing to German or Roumanian provenances.

The coefficient of variation for 20 random plants and the 10 tallest
plants in a 100-tree plot was calculated. The correlation between the
coefficient of variation for 20 random plants and 10 tallest plants was low
(r = .34) and not significant. The coefficient of variation did not shed
any light on the effect of nursery selection as it did for the 24 Polish
provenances already discussed. The reason may be that there are no major
changes in ranking in the experiment and that the provenances were not as
uniformly sampled as the Polish provenances. So the coefficient of variation
is put on record for later comparisons.

In any kind of early productivity assessment it is hard to strike
the proper balance between hardiness and growth rate; it is not knol'm
whether all trees within a provenance are frost tender or whether there are
some trees that combine fast growth with hardiness. Only field tests and
further observation can tell this. 0f the fast-growing provenances at
P.F.E.S., Toplita, Turda, Cimpini, T6nnesberg and Rothenkirchen rnay be too
frost-tender to produce well when field-planted, while Dorna Cindreni and
l'larginea may have enough hardy trees to produce we1l. Outstanding in this
group is Proulx, Que. (S.4027), which combines fast growth and hardiness.
Provenances from White Russia, Latvia and Lithuania have generally been slow-
growing and frost-hardy and should not be planted in the Great Lakes-
St. Lawrence Forest Region. They may, however, have some merit when planted
in the Boreal Forest Region.

SCOTS P]NE

The breeding work in Scots pine continues to have the following
object.ives: testing of stands and provenances in terms of timber productionl
selection and breeding of Christnas trees; heritabiliLy studies of quality
traits and weevil resistance; production of a precocious dwarf rootstock
that will induce early flowering.

The 1971-72 winter was rather severe and provided a good opportunity
to score our Scots pine material for winter damage. In August 1972 winter
damage, weevil attack and attack by the eastern gall rust (Cronartium
que"euum [Berk. ] Miyabe ex Shirai) were scored in all Scots pine clones found
in the Pine Graft Arboretum, in four clonal seed orchards (Exp. Nos. 86-open
and 190), in randomized clonal tests (Exp. Nos. 280-8-1 and 280-8-2 and in
controlled crosses (Exp. Nos. 272-4, -B and -C). The clones show high
broad-sense heritability in winter damage and weevil attack. Some clones
have early and severe attack of eastern gall rust, while others have later
and lighter attacks. Most clones are free of galls.

108



LARCH

The objectives in larch breeding are to find the best provenances
of a number of larch species suitable for eastern Canada, to seleet well-
adapted plus trees for breeding and to produce heterotic species hybrids.

In larch rire are testing vari-ous exotic larch species such as
European (Iaz,i* decidua Mi11.), Japanese (L. LeptoTepis [Sieb. & Zucc.]
Gord.), Siberian (,[. suknezeui.i DJil.), Korean Q,. grneli,ni var. oLgensi-s
[Henry] Ostenf . & Larsen) and Kurile larch (L. gnelin'L var. japonica [Reg.l
Pilger), local tanarack (tr. Tnrieina [Du Roi] K. Koch), western larch (L,
oceil.entaZis Nutt.), and a smel1 number of hybrids. Our purpose is to
assess both species and provenances under loca1 conditions of soils and
climate and to select plus trees for further breeding and testi-ng.

Work Done during 1972-73

Larch trees were selected for fast growth and good form in Experi-
ments Nos.35, 90, 100, 2O2-L and -Jr 2O9-A and -8. Scions of these were
sent to the Institute of Forest Genetics, Rhinelander, Wis., the Maritimes
Forest Research Centre, Fredericton, N.B. and the MinistEre des Terres et
For6ts, Quebec, Que. (Exp. Nos. 386-4, -B and -C).

Seedlings of a single-tree progeny test of local tanarack (Exp.
No. 376-A) and species hybrids in larch (Exp. No. 381-4) were scored for
both winter frost damage and spring frost damage frorn the June 10, L972,
late frost. The local tamarack was absolutely winter hardy and not darnaged
by late spring frost. Siberian larch had slight winter frost damage and
257" wLth no spring frost damege. European larch plus trees of Polish and
Sudeten origin selected at P.F.E.S. had slight winter frost darnage but no
spring frost damage. Japanese larch suffers both heavy darnage from winter
frost (902) and spring frost (992). The species hybrids tended to be inter-
mediate in winter frost damage.

To improve local tamerack we have selected 57 "plus" phenotypes
distributed over seven stands (Exp. No.376-A). The seed was sown in the
spring of L97L.

Perforrnance of Tamarack and Exotic Larch Species

Young plantations of tanarack often have poor stem form with wavy
sinuous trunks. t'le have found one plus tree with an absolutely straight
stem and fine branches in a seed lot (S. 461) collected 30 years ago from
trees growing on upland sites near Corry hb, P.F.E.S. (Table 6). On a
fairLy uniform sandy loam in Arboretum ll2, P.F.E.S., this tamarack compares
favorably in height. growth and perhaps also in diameter growth with a lot
of European larches of unknown origin (which are straight) and with Dunkeld
larch (Japanese x European), wtrich tends to have a pronounced basal sweep.
A11 these lots are faster-growing than the European larch fron Visingsi5,
Sweden, which has good stem form. Siberian larch from Raivola, Fi-nland,
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the Siberian larch from Raivola, Finland, the Siberian x European larch
from Dropmore, Man., and the Korean larch had very poor height growth, and
the last-named also had very low survival and poor form.

In another set of observation plots f'eld-planted in 1957 and L962,
height and di-ameter of adjacent rows were measured to give comparable results
(Tab1e 7). The local tamarack from P.F.E.S. gre\ir better (LL% Ln height and
I2Z in diameEer) than tamarack from Bancroft, Ont., and Angus, Ont., and had
double the height growth rate of tamarack from Lesser Slave Lake, A1ta.
The tamarack lots also had higher survival (mean 732) than the other species
tested. About 2Z of the trees from P.F.E.S. and Bancroft, Ont., had straight
stems and acceptable stem formwhile none could be found in the Angus, Ont.,
lot. None of the selected trees were as well forrned as the tree seleeted
in S. 461, Arboretum ll2, already mentioned. In a part of the area that formed
a broad basin with shallow soil, tamarack showed superior resistance to snow
damage from an early wet snorv storm (Oetober 18, L967). The tamarack had
some bent trees (which r/ere never broken), while the adjaeent European larch
from Kroscienko, Poland, had many broken stems and a high percentage of
trees that were blown dornm owing to their poor root development in the
shallow moist soil. However, whe.re the soil depth was adequate, the
European larch stood firm. Tamarack is not liked by the larch growers of
eastern North America on account of the poor stem form it shows when young
and its supposedly slow diameter growth. In our observati-on plots it seems
to hold its own in terms of diameter growth, while the sinuous stem form
of the young t.ree can be improved through selection and is not worse than
the kinks and lean of some provenances of European larch.

The two fast-growing European larch provenances (Muszyna and
Kroscienko, Poland) were simj-lar to local tamarack in height and diarneter.
Muszyna exhibited better stem form, wiLh a slight tendency for basal slreep,
and Kroscienko was characterized by nany stems that were of the corkscrew
type or wavy and possessed pronounced basal sweep. The two slow-growing
provenances from Rosalia and Paternion, Austria, had fairly good stem form,
but their mean annual increments rn/ere 342 and 382 less than the local
tamarack.

The F2 of the Dunkeld and hybrid larch (Japanese x European)
originates from a small stand of. 20 well-spaced trees on P.F.E.S., now
almost 45 years o1d. The material consists of tr^ro controlled crosses and
four open-pollinated single-tree progenies of the straightest trees with
fine branches of the hybrids in this plantation. The height is 17% less
than in the local tamarack, while the diameter growth is the same. The
stem is straight and much better than in the earlier seed collections (see
S. 444 and S, 462 in Table 6), which came from a few early-flowering types
with pronounced basal sweep. The Dunkeld hybrid is 102 shorter than the
two Polish lots, but 207" taLIer than the two Austrian lots.

The origin of the Siberian larch is Raivola, j-n the Karelian
Peninsula in Finland, which came to us via the Mustila Arboretum, Fi-nland.
The mean annual increment of the pure Siberian larch was only 242 of that
of local tamarack, while its hybrids with European larch were 347. and 352
of local tamarack.
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During the past two decades several attempts were made to grow
western larch at P.F.E.S., but it faded away in the nursery. From the 265
grams of seed sown in 1958, 2,000 seedlings rnrere transplanted in 1959, 161
field-planted in L96I, but only 11 trees survived in 1971. The mean annual
increment was only 257 of that of local tamarack. In the Arboretum at the
Central Experimental Farm, Department of Agriculture, Ottawa, there is a
fast-growing and perfectly healthy tree of western larch on a rich calcareous
loam. It may be that rn/estern larch fails at P.F.E.S. because it is not
adapted to growing on the typically acid soils of granitic origin. The same
seems to be true for Siberian larch, which is both faster-growing and more
healthy in the Central Experimental Farm Arboretum in Ottawa than at
Petawawa.

PUBLICATION

Teich, A.H., and M.J. Holst. L973. Survival and growth of some exotic
larch species and hybrids in the Ottawa Valley. For. Chron. 492224-225.
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GENETIC BASIS FOR IMPROVEMENT OF RED PINE,

PETAWAWA, I972-R

M.J. Holst

Cwtadimt Forestz'g Senuiee
Peta'laua Fonest Erpez'iment Station

ChaLk Rioer, Ontario

INTRODUCTION

The broad objectives for the genetic improvement of red pi-ne (Pinus
y,esinosa Ait.) are to provide information on the best seed available for the
establishment of man-made forests, and to develop guidelines for improvement
through selection and breeding.

When the tree-breeding projects were reactivated in 1950' no work
had been done in Canada on the provenance problem of red pine. Nothing was
known irbout uhat could be gained by using the right provenances or what could
be lost by using the wrong provenances - and no provenances zones were used.
Red pine continues to be an important reforestation species for abandoned farm
lands in eastern Canada because of its good stem form and relative freedom
from pests. Its uniformity is deceiving and has led to indiscriminate seed
transfer. This may have serious consequences, particularly in the colder
parts of the red pine range. The red pine provenance problem still requires
intensive study.

During the period 1950-73 the Petawawa Forest Experiment Station
(Petawawa F.E.S.) and cooperators established 43 red pine experiments on 57

acres in eastern Canada, and eight experi.ments were established by cooperators
on 16 acres in the United States; seed for 11 experiments was sent overseas.
The Ontario Ministry of Natural Resources has planted four red pine provenance
experiments of their own (Exp. No. 196-A to -C), testing 15 provenances. A11

these experiments were measured every 5 to 10 years.

WORK DONE DURING 1972_73

Further work was done on the provenance description and climatic
data for all red pine provenances distributed by the tree-breeding group at
Pet,awawa F.E.S. as well as on the climatic data for each test locati-on.

An assessment \^7as made of all red pine grafts associated with various
experiments. Some of our older grafts can now be used for controlled crosses.
It takes the grafts about 15 years to start bearing flowers.

THE
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In the fal1 of L972 we measured l9-year heights and diameters in
Exp. No. 96-8, -F, -G and -H, and our cooperators provided measurements of
Exp. No. 96-A, -B, -C, -D, -I and -J; we also measured l5-year heights and
diameters in Exp. No. 216-B and -G, while our cooperators measured Exp. No.
2L6-C, -D, -E, -F, -H, -I and -J.

We also measured a 22-year-old progeny test of Petawawa red pine
(Exp. No. 38); a 22-year-old provenance test (Exp. No. 39); a 2l-year-old
provenance test (Exp. No. 74-B and -C); 2l-year-old provenance observation
plots located at the Harrington Ecology Centre of the Canadian International
Paper Company at Harrington, Que. (Exp. No. I77); 2L-year-old observation
plots located in the Durling Fields, N.S. (measured by the Maritimes Forest
Research Centre, Exp. No. 180); a 2}-year-old provenance test (Exp. No. 81);
a l3-year-old test of hybrids between Petawawa normal red pines and the
Bancroft, Ont., tassel pine (Exp. No. 2I1-A, -B, -C and -D); and test of open-
and corltrol-pollinated progenies of Petawawa red pine (Exp. No. 29L).

A section on red pine was written for a cooperative paper: "Plus-
tree selection: review and outlook.rr

PROVENANCE TESTS

In the Petawawa F.E.S. nursery we have raised plants for two coopera-
tive red pine provenance experiments (Exp. No. 96, sown in L954, and Exp.
No. 216, sown in 1958). During the 1950's seed for these experiments was
provided by the Maritimes Forest Research Centre, Nova Scotia Department of
Lands and Forests, Quebec Department of Lands and Forests, Ontario Ministry
of Natural Resources, Northern Forest Research Centre, University of Wisconsin
and State of New York Conservation Department. Field tests were established
by Bowaters Mersey Paper Company Ltd., Canadian International Paper Company'
Dryden Paper Company Ltd., Nova Scotia Department of Lands and Forest, Pro-
vince of Prince Edward Island, Maritimes Forest Research Centre, Laurentian
Forest Research Centre, Laval University, Ontario Ministry of Natural
Resources, Petawawa Forest Experiment Station, University of Toronto, Northern
Forest Research Centre and the University of Wisconsin. The lO-year-height
measurements on which this report is based were provided by Bowaters Mersey
Company Ltd., Maritimes Forest Research Centre, Laurentian Forest Research
Centre, Laval University, Canadian International Paper Company, Ontario
Ministry of Natural Resources, University of Toronto, Petawawa Forest Experi-
ment Stati-on, Northern Forest Research Centre and the University of Wisconsin.
Thus the progress made in red pine provenance research is due to the coopera-
tion of urany individuals and organizations, and their assistance is gratefully
acknowledged.

The following is a summary, by location, of test areas hlghlighting
results attained with the lo-year-heights in Exp. No.96 (Tables 1 and 2) and
in Exp. No. 2L6 (Tables 3 and 4). At each test site an attemPt has been made

to get the best estimate of the provenance performance by using either all
healthy plants per plot or the 10 tallest plants per plot. In a few locations
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some poor plots were
poorest provenances

Eastern Manitoba

excluded. For each test site, only the best and the
are discussed.

At Sandilands, Manitoba, in the extreme western part of the red pine
range, nine provenances raised in the Petawawa F.E.S. nursery were tested
against control from Sandilands raised in the local nursery. The control
plants were smaller than the other provenances at the time of planting. (Exp.
No. 96-J). In this experiment there were significant differences in height
and survival (P<.05). The greatest height growth occurred in trees from
Regina Bay, Ont. (182 greater than the control), but these had only average
survival. Next best growth was in trees from Raco, Mich. (L77 higher than
the control), and these had high survival. Poorest height growth r^ras in trees
from Grand Lake, N.B., and Stanley, N.S. (27 l-ess than the control). Stanley,
N.S., also had very low survival. The local control from SandiLands had very
high survival and had for the last 5 years grown as well as Raco, Mich. Sur-
vival r^ras correlated with annual precipitation (r = .66) and frost-free days
(r = .58) (both P<.05).

Thus red pine from Raco, Mich., might be tested further in eastern
Manitoba.

Northwestern Ontario

In northwestern Ontario, near Dryden, we have two red pine provenance
experiments. In the first test (Exp. No. 96-I), 12 provenances are being
tested. There were significant differences in height (P<.01), but not in
survival (which was high). Red pine from Trout Lake, Wis., and Petawawa
F.E.S., Ont., had respectively 14 and 112 better height growth than the local
control frorn Eagle River, Ont. Poorest height growth occurred in trees from
Upper Jay, N.Y., Grand Lake, N.8., and Stanley, N.S., which grew 32 less than
the local control.

The other test in northwestern Ontario (Exp. No. 2L6-D), which com-
prises 24 provenances, had significant differences in height growth (P<.001)
and winter frost damage (P<.01) but not in survival (which was high). Trout
Lake, I^Iis., was best, having 227 better height growth than the local control
from Dryden, Ont. Of the five tallest provenances (which hrere on the average
I5Z tal]-er than the local control), one comes from Inlisconsin (Trout Lake),
three from Minnesota (Six Mile Lake, Lake Thriteen and Cass Lake) and one
from Ontario (Grand Bend). Of these, the l{isconsin and Minnesota provenances
were winter frost hardy, while the one from Grand Bend, Ont., had the highest
winter frost damage of all the provenances tested. Lowest height growth
occurred in trees frorn Thistledew Lake, Minn., Lake States, Stanley, N.S.,
and Sturgeon Falls, Ont.: they had 77 Iess height growth than the local con-
trol. Winter frost damage was negatively correlated with latitude (r = -.83;
P<.01), longitude (r = -.82; P<.01) and height (r = -.42 n.s.). I,rtinter frost
damage was most severe in the Grand Bend, Ont., provenance, which was signifi-
cantly different frorn all the other provenances. A group of 10 provenances
from nothern Michigan and western Ontario had very little frost damage.
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For use in western Ontario, provenances from northern l,rlisconsin
(Trout Lake) and selected northern Minnesota provenances would warrant further
trial in comparison with local provenances from western 0ntario.

Northeastern Ontario

The only experiment in northeastern Ontario (Exp. No. 96-H) is
located near Swastika. There were significant differences in height growth
(P<.05) but not in survival, which was generally high. Twelve provenances
are being tested, none of which is a local control. Raco, Mich., was the
tallest, having 112 better height growth than the experimental mean. The four
tallest provenances (Raco, Mich., Sturgeon Fa1ls, Ont., Sault Ste. Marie'
Ont., and Regina Bay, Ont.) were on the average 87" taller than the mean. The
four provenances with least height growth (Eagle River, Ont., Kenogami, Que.,
Grand Lake, N.B., and Stanley, N.S.) were 5% shorter than the mean.

Further testing in northern Ontario should include red pine from
Trout Lake, Wis., selected Minnesota provenances and local northern Ontario
provenances.

East-central Ontario

The experiments in east-central Ontario are located at the Petawawa
Forest Experiment Station and at Dorset. At Petawawa F.E.S. two field tests
have been established with this material. Exp. No.96-G includes 16 prove-
nances, and in these there were significant differences in height (P<.01) but
not in survival. Red pine from Cass Lake, Minn., and Mattawin River' Que.,
were 37. taller than the loca1 control from Petawawa F.E.S., Ont. Trees from
St. Alphonse, Que., Sault Ste. Marie, Ont., Sorel, Que., and Rawdon, Que.,
vrere on the average 37. shorter than the Petawawa F.E.S., Ont., control. The
five poorest provenances (Sturgeon Falls, Ont., Thessalon, Ont., Regina Bay'
Ont., Grand Lake, N.8., and Stanley, N.S.) were on the average 112 shorter
than the local control. Red pine from Stanley, N.S., wete I57. shorter
than the control. Winter frost damage during the 1958-59 winter was scored.
Most damage occurred in trees from Upper Jay, N.Y. (432), St. Charles de
Mandeville, Que., and Sorel, Que. (mean 362) and Grand Lake, N.B., and
Stanley, N.S. (mean 357"). Trees from Petawawa F.E.S., Ont., had 237. damage,
and those from St. Alphonse, Que., Sault Ste. Marie, Ont., and Mattawin
River, Que., had somewhat less damage (mean I5Z). Red pine fron Regina Bay,
Ont., Cass Lake, Minn., and Eagle River, ht., had very little winter frost
damage (mean 4Z). It is remarkable that trees from Cass Lake, Minn., in this
experiment combine very fast growth with extreme hardiness. Hoiuever, in
Exp. No.216-8, Cass Lake, Minn., is 82 shorter than the local control, which
is perhaps a warning that the growth rate may not be so impressive. Trees
from Mattawin River, Que., St. Alphonse, Que., and Sault Ste. Marie, OnL.,
all grow at about the same rate as those from Petawawa F.E.S., Ont., but
appear to be more winter frost hardy.

Exp. No . 2L6-8, testing 24 ptovenances, hras planted wlth three repli-
cations on1y, and the height-growth differences were barely significant
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(P<.10). Best height growth occurred in trees from Presque Isle Co., Mich.,
which were 47" taller than the local control from Douglas, Ont. There were
14 provenances that r^rere sirnilar in height growth to the 1oca1 control (t4Z
of Douglas, Ont.). Red pine frour Dryden, Ont., had the poorest height growth,
which was 1-57 less than Douglas, Ont. The five poorest provenances were on
the average IO7" shorter than the local- control.

Near the ranger school at Dorset, Ont., nine provenances were tested
(Exp. No. 96-F). Differences in height growth were significant (p<.fO). The
best growth occurred in trees from Regina Bay, Ont., and Thessalon, Ont.; it
was 57. higher than the mean. Red pine from Cass Lake, Minn., and Petawawa
F.E.S., Ont., also performed well (height growth 1% better than the mean).
The poorest growth was in trees from Grand Lake, N.B., and Sault Ste. Marie,
Ont. (both 52 less height growth than rhe mean).

In east-central Ontario the local provenances, such as Petawawa
F.E.S., Ont., and Douglas, ht., have always had good height growth. Prove-
nances that rnay have faster growth than the 1ocal ones are those from Presque
Isle Co., Mich., Trout Lake, Wis., Dairymenrs Country Club, Itlis., and Oneida
Co. , liis .

Southern_ Ontario

Tirrkey Point, at Lake Erie, is the location of two experiments. Exp.
No. 2L6-G includes 16 provenances in two replications in which the height
growth differences r^7ere barely significant (P<.10). Tallest were the trees
from Oneida Co., Wis., and Schoolcraft Co., Mich. (both 182 taller than the
rnean). Next best were a group of provenances (l,ake Thirteen, Minn., Boulder
Junction, I{is., Grand Traverse Co., Mich., and Itasca Park, Minn.) with sirni-
lar heights (62 ta1J.er than the mean). The poorest height growth was in trees
from Chippewa National Forest, Minn., Six Mile Lake, Minn., and Dryden, Ont.
(152 less than the mean).

The other experiment (Exp. No. 96-E) tests 16 provenances and has
five replications. Height growth of provenances was significantly different
(P<.01). Trees from Trout Lake, Wis., grew fastest and had, LIZ better height
growth than the mean. The fi.re tallest provenances (Trout Lake, Wis., Sore1,
Que., Sault Ste. Marie, Ont., Petawawa F.E.S., Ont., and Ontario Ministry of
Natural Resources, Zone 2) were 52 higher than the mean. The six poorest
provenances (Upper Jay, N.Y., Regina Bay, Ont., Kenogami, Que., Stanley, N.S.,
Raco, Mich., and Grand Lake, N.B.) had on the average 52 less height growth
than the experimental mean.

Thus for southern Ontario selected Michigan and Wisconsin provenances
as well as those from southern Ontario itself have done well.

Lake States

In the
ments. One is

Lake States 14 provenances are being tested in two experi-
located in Juneau County, central Wisconsin (Exp. No. 216-I>,
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and the other in lJaukesha County, southern ldisconsin (Exp. No. 2L6-J). In
central Wisconsin, trees from Rawdon, Que., Douglas, Ont., and Grand Traverse
Co., Mich., grew best, while Presque Isle Co., Mich., Stanley, N.S., and Grand
Lake, N.B., had poorest growth. In southern Wisconsin, red pine from Rawdon,

Que., Douglas, Ont., and Schoolcraft Co., Mich., grew best, while Stanley,
N.S., Superior National Forest, Minn., Chippewa National Forest, Minn., and
Presque Isle Co., Mich.,I^lere poorest.

Southwestern Quebec

Two experirnents were planted by the Canadian International Paper
Company: one at the Harrington Ecology Centre, Harrington, Que., (Exp. No.
I77 , testing 10 provenances), which does not belong in the red pine provenance
series under discussion; the other (Exp. No. 96-D, testing nine provenances)
in the same general area near Grenville, Que. In the latter trial there were
significant differences in height growth (P<.05). The three tallest prove-
nances (Sturgeon Falls, Ont., Thessalon, Ont., and Raco, Mich.) were TZhighet
than the experimental mean. The three shortest provenances (Sault Ste. Marie,
Ont., Cass Lake, Minn., and Grand Lake, N.B.) were 77" shorter than the mean.

As this experiment did not include any Quebec provenances ' it is not
possible to make specific recomnendations for southwestern Quebec.

Eastern Quebec

The three red pine experiments in this area are all located in the
vicinity of Quebec City. Exp. No.96-C was planted at the Valcartier Forest
Experiment Station, near Loretteville. Laval University established two
experiments: Exp. No. 2I6-D was planted near St. Jean Chrysostome, and Exp.
No, 2L6-H near St. Ravmond.

In the experiment planted at the Valcartier Forest Experiment Station
(Exp. 96-C) 12 provenances were tested. There were significant differences
in height growth (P<.01). There were three Quebec provenances in this experi-
men!: Sorel, Que., was the best, having 97. better height growth than the
mean, Kenogami had 2Z better height growth than the mean, and St. Charles de
Mandeville, Que., had 42 less height growth than the mean. In addition to
Sorel, Que. the four fastest-growing provenances were: Petawawa F.E.S.' Ont.,
and Sturgeon Falls, Ont. (both 57" talLer than the mean), and Thessalon, Ont.,
and Sault Ste. Marie, Ont. (both 47" tal1er than the mean). Poorest growth
occurred in trees from Regina Bay, Ont . (97" less than the mean), Stanley,
N.S. (72 less than the mean) and Grand Lake, N.B. (52 less than the mean).

In the experiment planted near St. Jean Chrysostome, in Levis Co.
(Exp. No. 2J-6-D> 24 provenances were tested. Only the provenance means are
available. The five best (Lake Thirteen, Minn., Chippewa National Forest,
Minn., Presque Isle Co., Mich., Trout Lake, I,{is., and Six Mile Lake, Minn.)
r^rere on the average l-37 taller than the experimental mean. The five poorest
provenances (Cass Lake, Minn., Grand Lake, N.B., Grand Bend, Ont., Dairymenrs
Country Club, Wis., and Fort Frances, Ont.) had on the average 142 less height
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growth than the mean. The onJ-y Quebec provenance (Rawdon) in this experiment
had 27. less height growth than the mean.

In the experiment planted near St. Raymond (Exp. No. 2L6-H) 10 prove-
nances were tested. We only have the provenance means. The three fastest-
growing provenances (Presque Isle Co., Mich., Douglas, Ont., and Six Mile
Lake, Minn.) had an average of L27" better height growth than the experimental
mean. The three poorest provenances (Grand Bend, Ont., Stanley, N.S., and
Rawdon, Que.) had on the average IL7" less height growth than the mean. The
only Quebec provenance (Rawdon) had 277" Iess height growth than the fastest-
growing provenance, Presque Isle Co., Mich.

For eastern Quebec the one experiment in the Exp. No. 96 series at
Valcartier Forest Experiment Station shows that 1ocal trees from Sorel, Que.,
are promising and had 102 better height growth than the other Quebec prove-
nances (Kenogami, and St. Charles de Mandeville). Al-so, red pine from Ontario
(Petawawa F.E.S., Sturgeon Fa1ls, Thessalon and Sault Ste. Marie) may rdarrant
further trial. The two experiments in the Exp. No. 216 series indicate that
red pine from Lake Thirteen and Six Mile Lake (both in Minnesota), Trout Lake,
Wis.' Presque Isle Co., Mich., and Douglas, Ont., should be included in future
tests in eastern Quebec.

The Maritimes

In the Maritimes there are red pine tests in Nova Scotia and on
Prince Edward Island. There are four replicated experiments and one experi-
ment with unreplicated observation p1ots. The Mersey Paper Company,
Liverpool, N.S., planted two experiments (Exp. Nos. 96-4 and 180) in the
Durling Fields, Annapolis County, N.S. The Canadian Forestry Service,
Maritimes Forest Research Centre, made arrangements for three experimental
plantings: in chignecto Game sanctuary, cumberland county, N.s. (Exp. No.
96-8), in the Garden-of-Eden Barrens, Pictou County, N.S. (EXP. No. 2I6-E)
and at lris, Queens County, P.E.I. (Exp. No. 2I6-F).

In the Durling Fields (Exp. No. 96-A) eight provenances are being
tested. There were significant differences in their height growth (P<.01).
The three best provenances (Petawawa F.E.S., Ont., Raco, Mich., and Regina
Bay, Ont.) had 77. better height growth than the experimental mean, while the
height growth of the poorest provenances (Grand Lake, N.B., Stanley, N.S.
and sault ste. Marie, Ont.) was 77 less than the mean. The red pine from
Grand Lake, N.B., and Petawawa F.E.S., Ont., were respectiveLy 52 and L97
taller than the local provenance from Stanley, N.S. The overall growth rate
was poor owing to heavy clay soil.

In the Chignecto Game Sanctuary (Exp. No. 96-8) 16 provenances are
being tested, and there are significant differences in height growth (P<.05).
The four best provenances (Mattawin River, Que., Trout Lake, wis., Thessalon,
Ont., and Petawawa F.E.S., Ont.) had 97" better height growth than the experi-
mental mean. The four poorest provenances (stanley, N.s., Grand Lake, N.B.,
Kenogami, Que., and St. Charles de Mandeville, Que.) had 67" less height growth
than the mean. Mattawin River, Que., was L97" taller than the two Maritime
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control provenances (Grand Lake, N.8., and StanleY, N.S.). The overall growth
rate has been good and the soil is a coarse-textured well-drained sand. For
a short period (1958-60) the experiment was browsed by deer. In the fa1l of
1960 the leaders were protected by polyethlene film.

In the Garden-of-Eden Barrens (Exp. No. 2I6-E) 23 provenances are
being tested, and there are significant differences irt height growth (P<.01).
The five best provenances (Presque Isle Co., Mich., Chippewa National Forest,
Minn., Schoolcraft Co., Mich., Grand Bend, Ont., and Six Mile Lake, Minn.) had
92 better height gro\dth than the experimental mean. The five poorest prove-
nances (Itasca Park, Minn., Rawdon, Que., Dryden, Ont., Thistledew Lake,
Minn., and Stanley, N.S.) had. L07 less height growth than the mean. The
fastest-growing provenance (Presque Isle Co., Mich.) was I8Z taLLer than the
two local controls from Stanley, N.S., and Grand Lake, N.S. The overall
growth rate was poor, but not as poor as in the Durling Fields (Exp. No.
96-4); so the site conditions in the Garden-of-Eden Barrens are not well
suited to red pine. In 1966-67 the European pine shoot moth (Rhyacionia
buoliana ISchiff.]) arLacked rhe red pines lightly and the difference between
provenances were significant (P<.10). The total nurnber of attacked shoots
per 25-tree plot in 1967 ranged from 0 .4 to 7 .3. Although there was consid-
erable provenance-to-provenance var.riation, the L2 fast-growing provenances
had nearly double the damage (3.4 shoots attacked per plot) than the 11 slow-
growing provenances (1.8 shoots attacked per plot).

At Iris, P.E.I., 16 provenances are being tested. They are signi-
ficantly different ln height (P<.005). The four best provenances (Grand
Bend, Ont., Presque Isle Co., Mich., Sturgeon Falls, Ont., and Chippewa
National Forest, Minn.) were L47. taLLer than the experimental mean. The four
poorest provenances (Grand Lake, N.8., Thistledew Lake, Minn., Fort Frances,
Ont., and Stanley, N.S.) were 92 shorter than the mean. Compared with the
local provenance from Stanley, N.S., Grand Lake, N.B. was 9% ta1Iet and Grand
Bend, Ont. was 367 taLLer. The overall growth rate was the best of the five
experiments in the Maritimes. In 1966-67 the European pine shoot moth was

noted in this plantation.

The two Maritime control provenances (Stanley, N.S., and Grand Lake,
N.B.) ri/ere respectively 87 and 32 shorter than the experimental mean for the
four experiments, while the faster-growing provenances were L3% ta1-1-er than
the mean. Future experiments in the Maritirnes should include the Mattawin
River, Que., Petawawa F.E.S., Ont., Sturgeon Falls, Ont., Thessalonr Ont.,
Grand Bend, Ont., Presque Isle Co., Mich., Trout Lake, tr'Iis., and Chippewa
National Forest, Minn., together with the most promising provenances identi-
fied in Michigan and tested against a larger number of local Maritime
Provenances.

Conclusion

In the Exp. No. 96 series it is very difficult to pick out any stars
that performed well in all locations where the experiment was planted. It
is a lot essier to pick out the consistently poor performers, i.e. red pine
from Stanl"y, N.S., Grand Lake, N.B., and Kenogami, Que.
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In the Exp. No . 2L6 series there are no overall good performers
either, and there are some curious interactions between provenances and test
locations. For instance, Presque Isl-e County, Mich., has first to thLrd rank
in the five experiments planted on acid granitic soils in east-central
Ontario, Quebec and the Maritimes. In contrast Presque Isle Co., I"lich., has
Lhe lowest rank in the three experiments planted on soils in southern Ontario
and I'Iisconsin. Another example is the red pine from Douglas, Ont., which is
in the best third of the provenances in Wisconsin, east-central Ontario,
Quebec and the Maritimes, but in the lowest third in southern and western
Ontario. The consistently poor performers were easier to spot, viz., Stanley,
N.S., with a mean ranklng from the bottom in the tesfs in which it occurs of
2.6, Thistledew Lake, Minn., and Dryden, Ont., which both ranked 3.2 from
the bottom, Fort Frances, Ont. (rank 3.3), Grand Lake, N.B. (rank 3.4) and
Rawdon, Que. (rank 4.0).

The 10-year heights reported here must be considered as preliminary
data, as in the experimental- planting various kinds of establ-ishment diffi-
culties \,rere encountered. The 20-yeat assessment should give more reliabl-e
data on provenance performance.

HERITABILITY ESTIMATES IN PETAT^IAI,TA RED PINE

Since 1961, several attempts have been made at the Petawawa Forest
Experiment Station to estimate the degree of subdivision of red pine in the
Ottawa Valley by sampling a number of stands and raising their progeny on a
single-tree basis. A large study initiated in 1961 covering the area from
Bristol, Que., to Mattawa, Ont. (120 mlles) and 32 stands failed when chip-
munks destroyed the seedbeds and mixed the seed (Exp. No. 257-A). A more
limited study was also sown in 1961, sampling stands within a radius of 5

uiles of the Station headquarters. This study has now provided data on this
problem as r,'e11 as the first estimate of heritability (Exp. No. 238-D).

Ten trees fron each of eight stands rirere sampled, and progeny rdas
raised from them in a replicated experiment with 10 replicati-ons. When the
lO-year height was measured, it was found that the differences between stands
accounted for only 17. of the total- variance and rirere not significant
(Table 5). Thus, the degree of subdivision of the Petawawa stands is very
smal1, and they all can be considered as the same breeding population.

The single-tree progenies within stands contribut ed 2L7" of the total
variance, and the differences were significant (P<.01). The best single-tree
progeny was 112 higher than the overall mean. Correlations were computed
between parent-tree height, the annual- increment of the parent tree, a parent-
tree growth efficiency index and progeny height for each stand, and wlth only
10 progenies tested per stand it was difficult to get significant correlations
(Table 7). In stands growing on fairly uniform and fertile red pine sltes
there was a positive cori:elation between parent-tree helght and progeny height
(r = .12, n.s.; r = .31, n.s.; r = .62, P<.10). From stands growing on rocky,
shallow soils, there were both positive and negative correlations between
parent.-tree height and progeny height, but none of these was significant. A
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TABLE 5. PETAI,{AWA RED PINE STAND TEST: COMPONEMS OF VARIANCE I^IHEN WITHIN-
PLOT AI{ALYSIS IS INCLIIDED

Source D.F. M.S. F M.S. estimates

srands 7 L,227.7so0 1-.45 n.s. e?ln * o1 + rool + 10063wPt2D

Trees 72 84g.6L46 3.78**'* ofltr + o2 + roof

Trees x Reps 72O 224.477I d?ln * e?
= Error w P

I^Iithin plots't 720 586.0829 a216*x
w

Total 1,519
*From sepanate analysis of vaniance.

zlrbh = hanmonic mean = 10.0.
n.s. - not significant' *fsfs significant fevel- P<.01.

TABLE 6. PETAWAWA RED PINE STAND TEST: CALCULATI0N oF VARIANCE COryONENTS
FROM TABLE 5 AND ESTIMATE OF NARROI,J-SENSE HERTTABTLTTY (h;s)

26-lh =586.08/10=58.61w

)6- = 224.48 - 58.61 = 165.87
P

t6: = (849.6L - 224.48)lLO = 62.5I
I

)-6; = (1227.7s- 849.61)/100=3.78

,.2
.z *oT 4x62.5Ln= ^ "2 62.5L + 165 .87 + 586.08ns o1+oz+o"T 'p 

I^t

= 0.31
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growth efficiency index calculated for the parent trees as breast height
diameter square(i- times height - divided by crown diameter squared times cro\4rn
length - gave nonsignlficant positive and negative correlations wit.h progeny
height with no apparent pattern. The heritability (h2) for l0-year height
was .31 (Table 6), and is within the range of height heritabilitles found
for red pine in Wisconsin but nay be slightly biased upward because of deriv-
ation from a single test site.

Most of the natural red pine stands on the Petawawa Forest Experiment
Station originated frorn fires and were seeded from a felr scattered seed trees.
They appear to be very uniform in growth rate and form. Because of their
exLreme uniformity and the 1ow priority of red pine breeding program, inten-
sive plus-tree selection in these stands has not been undertaken. It is
worth noting that on uniform sandy soils, but not on soils of shallow dumped
till' the tallest parent trees also gave the tallest progenies. Thus the
plus trees are to be found among the tallest trees in a stand and the search
for plus trees should be confined to stands growing on uniform sandy soils.
Both the positive correlation between parent-tree height and progeny height
and the fairly high heritability (h2 = .31) for l0-year-progeny height indi-
cate that a combined plus-tree selection and progeny test should pay off in
terms of increir-se in growth.

PROVENANCE HYBRIDS

Dr. D.P. Fowlerrs red pine population study containing selfings,
ltithin-stand and between-stand crosses (a11 crossed with Maine) were measured
in the fa1l of 1970 when they were 9 years old frour seed (Exp. No. 207-C>.
In another set of Dr. Fowlerts provenance hybrids (Exp. No. 207-D) two north-
ern Ontario provenances (Swastika and Lake Abitibi) rrere crossed with pollen
from Minnesota, Wisconsin, Petawawa, New York, Maine and Pennsylvania and
compared with open-pollinated single-tree progenies taken from the same trees
at Swasti-ka and Lake Abitibi. These were also measured in the fal-1 of L970,
when they were 7 years o1d frour seed. The results will be published in a
paper jointly prepared with Dr. Fowler in these Proceedings (Part 2).

A nursery test (Exp. No. 305-8) with 3-year-old seedlings of red
pine provenance hybrids was measured. The hybrids were made on seven trees
located on Petawawa F.E.S. They were crossed with pollen mixtures from
Petawawa F.E.S., Ont., Angus, Ont., and Trout Lake, Wis. The provenance
hybrids were respectively 57" and 6Z taLLer than the Petawawa control. As
this test did not include controls of the Angus, Ont., and the Trout Lake,
Wis., provenances, we could only compare the provenance hybrids with the
Petawawa control.

In a l4-year-old field test the Petawawa x Rochester, N.Y., prove-
nance hybrid was IIZ ta11er than the Petawawa control and Petawawa x Massey,
Ont., was 82 shorter than the Petawawa control. Also i.n this test the pollen
parents were not included.
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A11 of these tests rirere groh,n in one location only (Petawawa F.E.S.),
which could be considered an intermediar:e habitat to which the Maine prove-
nance rnras not adapted. When fast-growing hardy provenances from more conti-
nental climates were used, the provenance hybrids were taller than the
Petawawa control. If this trend holds true, provenance hybridization would
not only broaden the genetic base in red pine but could also increase yield.
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RED AI\D BI.ACK SPRUCE GENETICS,

PETMAWA, I97I-72

E.K. Morgenstern

Canad'ian Foz'estry Seruice
Petat'nua Fov'est Erpeni,ment Statton

Chalk Riuer', Ontav'io

The genetics program at Petawawa dealing with red spruce (Pi'eea
rubens Sarg.) and black spruce (Picea nav'inna [Mifl. ] B.S.P.) progressed
generally as planned during the review period, June I97L - December 1972.
The studies under way are of three types:

1. those having broad objectives (e.g., exploring various breeding alter-
natives, including such diverse methods as interspeeific hybridization
in the genus Picea), provenance studies in red spruce, and various
progeny tests from controlled crosses and open pollination in black
spruce, which were undertaken to develop theory but do not contribute
to an applied breeding program (some of these experiments date back as
much as 20 years);

2. those exploring geographic variation of eastern black spruce in studies
initiated in 1963, based mainly upon the Lake Erie-James Bay transect;
and

3. the range-wide black spruce study of 1967 that was jointly initiated by
cooperators across Canada and in the northern United States and that
offers opportunities for studies of geographic variation, the testing
of open-pollinated progeny to obtain genetic parameters, and a variety
of investigations in physiology, biochemistry and other disciplines.

In the first group of studies, a review of the older experiments
was made and will be published. A paper on interprovenance hybridization
(Morgenstern L974) in black spruce will be presented at this meeti-ng.
Progeny tests initiated in 1970, included the greenhouse performance of the
7 x 7 diallel cross; the results of this perfornance have been analyzed,
and a paper is in preparation. The material has been transferred to the
nursery and will eventually be established in field experiments.

Early results from the eastern black spruce study have been given
since 1966 in these Proceedi-ngs and in other publications (Morgenstern 1969).
Recently an analysj-s was made of regional variation in the level of inbreed-
ing and of the heritability of height growth. The inbreeding analysis showed

that in black spruce populations of southern Ontario there was a lower
percentage of filled seed, poorer germination, and a higher percentage of
chlorophyll-deficient seedlings than in northern populatio4s. That inbreed-
ing was j-nvolved was confirmed by !trrightrs inbreeding coefficient, F, which
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I^/as calculated f rom morphological, phenological and growth characters i-n
greenhouse and nursery experiments (Morgensterrr I972). The heritability
of height growth obtained at age 4 years on an individual-tree basis in a
Petawawa nursery experiment on tr^ro sites was 0.18. This value is within the
range determined for several other species when similar methods of analysi-s
were applied. It is clear that the low heritability of height growth
complicates selection and demands a very methodical approach, particularly
when plus trees are selected in natural stands.

In the range-wide black spruce study, a nursery experiment \^/as sown
in 1970 at Petarvawa with 100 provenances in six replications. Two replica-
tions suffered heavy mouse damage during the long winter of. L97I-72 and were
excluded from subsequent analyses. The characters measured during the first
three growing seasons included height at ages 2 and 3, date of growth initi-
ation at the beginning of the third growing season, and date of growth
cessation at the end of the second and third growing season. The analysis
of results from this experiment was begun. In spring of. L972 - i.e. at the
beginning of the third growing season - one or two rows of seedlings in each
replication of 74 provenances (that had not been marked for measurement) were
lifted and transplanted to prepare stock for field planting in L974. Five
experiments are planned for Ontario that will be established in cooperation
with the provincial Ministry of Natural Resources. Black spruce seed from
the range-wj-de study and earlier collections was also sent to H. Barner in
Denmark for distribution to European cooperators through the IUFRO Coordina-
tion Centre for the Procurement of Seed for Provenance Research.

An extension of the range-wide study is a series of progeny tests
from open-pollinated trees i-n those regions of Ontario where black spruce
is most important. Seed for the progeny test i-n Region 3E (Hills 1959) was
sovm in June 1971; it consisted of 100 progenies frorn eight stands. Consider-
able damage by cutworms (Order Iepidoptena, Family Inoctuidae) occurred before
it could be controlled and this necessitated a second sowing in L972. This
sowing was made in the greenhouse in April and included 37 additional, open-
pollinated progenies from trees in the seedling seed orchard of Spruce Falls
Power and Paper Co. Ltd. at Moonbeam, Ont. An l8-hour photoperiod and
appropriate nutrition and temperature control in the greenhouse produced
seedlings that were equal in size to those so\^ln in the nursery the previous
year. Both sets could then be transplanted to separate replications in
the nursery in August 1972 to produce materi-al for field planting. Seed
for the Region 3tr^tr test will be sovrn in the spring of J.973. These progeny
tests are an integral part of the federal-provincial research and breeding
program discussed in L972 by the Canada-Ontario Joint Forest Research
Committee.

Cooperators j-n the range-wide study have remained in frequent contact
to assj-st one another and exchange their experiences. Because the number
of provenances is too large for inclusion in the experiments of a single
cooperator, it was of interest to determine to what extent the provenances
chosen by any cooperator overlapped with those of his neighbor. A survey
in 1972 indicated that there is sufficient overlap, for example, among the
experiments initiated in Newfoundland, the Maritj-me Provinces, and Quebec;
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among those in Quebec, Ontario, and Wisconsin; and so on. Hence, there will
be many opportunities for comparisons of the results and for joint analyses
of the provenance-envi-ronment interaction.
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GRO!^ITH ACCELERATI0N AND PHYSI0L0GICAL SCREENING

SEEDLINGS FOR A TREE.IMPRO\EMENT PROGMM

D.F.I{. Pollard and K.T. Logan

Canadi.an Forestry Seruice
Petauaua Eov'est Erperiment Station

Chalk Riuer, Ontario

INTRODUCTION

There are two main objectives to the physiological studies being
undertaken at Petawawa Forest Experiment Station (P.F.E.S.) in support of
the tree improvement program. One is to devise a system of growing seedli-ngs
rapidly for use in genetic or physiological experiments. This system would
complement the conventional nursery system by providing the researcher with
experimental material in 2 Eo 3 months, rather than 2 to 3 years. The second
objective is to develop a technique for an initial screening of superior
genotypes at an early age by identifying the relevant physiological characters
controlling genotypic variation in growth.

Both components of the study are aimed at improving the efficiency
of the tree-improvement program by reducing the time element required by
conventi-onal tree-improvement methods. In addition to this practical applica-
tion, the program contai-ns potential for increasing our basi-c knowledge of
tree growth. The investigations have been conflned to two species: white
spruce, Picea gLauca (Moench) Voss and jack pine, P'Lnus banksLana Lamb.

GENEML APPROACH TO PROBLEMS

The first objective has been met. A growth acceleration system
for production of seedlings has been devised (pol1ard l97L) and successfully
demonstrated in growth cabinet, growth room and greenhouse. In this paper
we describe some preliminary results obtained with the systern in plastic
greenhouse and nursery bed, and illustrate its use in genetic and silvi-
cultural programs. It is being used on a regular basis for production of
seedlings for physiological experiments, and we believe it has consi-derable
potential in forest research.

Emphasis has now turned towards the second objective. We have
had some success in screening jack pine provenances by measuring their
photosynthetic efficiency in the fal1. Although fast- and slow-growing
pton.tt".t"es could be identified by this means' we found that throughout most
Lf tn" growing season their photosynthetic rates were similar. White spruce
provenances could not be screened by this method. These findings suggested
tn"t pttotosynthetic effi-ciency is not the most important parameter of growth

OF
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for these two species. Attention is now directed towarrJs the production of
needle primordia as a parameter of growth. There is a strong correlation
between needle initiation and subsequent growth. The bud, with its primordial
shoot, determines the potential for extension growth of the following year;
furthermore, the number of needle primordia strongly influences the subsequent
photosynthetic capacity of the p1ant.

The phenology of jack pine has proved more difficult to manipulate
than that of white spruce, and the development of its bud has been more
difficult to assess because it is complicated by the presence of sterile
cataphylls in whi-ch there is no axillary development of short shoots.

RESULTS

Investigations Related to Screening.

Photosynthesis

In an earlier investigation of 10 jack pine provenances selected
from a 7-year-o1d all-range provenance trial, differences in photosynthetic
efficiency were found after September but not before. After September the
fastest-growl-ng provenances had the highest photosynthetic rates per gram
of needle (Logan L97L). Similar results were obtained in t\^ro successive
years by usi-ng seedlings from two different provenance tri.als. Subsequent
studies confirmed the possibility of screening 1- and 2-year-old jack pine
provenances by gas analysis. However, the smaller seedlings, raised in
nursery seedbeds, posed a problem, for the technique and current investiga-
tions are ai-med at increasing the efficiency of the system by the use of
growth-accelerated seedlings. To date it has not been possible to demonstrate
differences in the photosynthetic rate of jack pine provenances in controlled
environments under a wide range of temperature-photoperiod conditions during
periods of either accelerated growth or bud induction. One unusual finding
was that short days stimulate the rate of photosynthesis (Logan L973a), and
further studies are in progress to investigate this phenomenon.

Induetion of Quiescence

The maximum daylength and the minimum number of short days in which
seedlings will forrn buds, and the influence of seedling age on the sensitivity
of seedlings to bud-inducing conditions, have been briefly studied.

Under a twice-weekly reduction in photoperiod of 15 min, white spruce
formed bud scales when the photoperiod had fallen from 16 hours to 11 hours.
Only one provenance (Chalk River, seedlot no. 66-L27) was studied, but
seedlings differed in the maximum daylength for bud-inducti.on by at least
i hour. Magnesen (L969) has demonstrated provenance variation by a similar
method for Norway spruce, Picea abLes (L.) Karst.

Twelve-week-old whj-te spruce seedlings were subjected to periods
of 8-hour (short) days ranging from I to 20 days and then returned to 16-hour
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(long) days. No effect was noticed from Lreatments lasting 1 to 3 days;
slight temporary reductions in height growth began with 4 daysr Lreatment,
the pause being noticeable about 3 weeks after the treatment. The reductions
became more pronounced until, with 13 days, some seedlings set bud. This
bud usually burst a few weeks later without chilling. With 20 days of short-
day treatment, all seedlings set terminal buds that could be broken only by
chil1ing.

Younger seedlings of white spruce were less sensi-tive to a L4-day
short-day treatment than older seedlings: when treated at age 4 weeks, all
seedlings resumed normal growth on their return to long days. At 8 weeks,
fewer than half resumed growth at the shoot apex, while the remainder develop-
ed a new leader from a lateral bud. At L2 r^reeks, most seedlings resumed
growth from lateral buds, and a few became dormant. By 16 weeks, only half
hrere able to flush from lateral buds, while the others became quite dormant.
These results reflect the increasing difficulty of keeping spruce seedli.ngs
in an active (indeterminate) state of growth, especially in nurseries.

aa 1a
IVEEA LE JNLDLADLON

Experiments into the control of needle initiation have included the
endogenous factors associated with seedling size and bud position, and
certain environmental factors associated with natural growing seasons.

The s ize and age of spruce seedlings had a profound effect on both
needle initiation and subsequent growth. After l0 weeks of short days,
seedlings which were 6 weeks old and, on the average, 5 cm tall at start of
treatment developed about 125 needles and grew 5 cm; lO-week-old seedlings,
B cm tall, produced 200 needles and grew 7 cm. At 16 weeks, Ehe seedlings
were 16 cm tall, produced about 275 needLes and grew 10.5 cm. The gains in
both needle initiation and height increment diminished with increasing size
and age, and the results suggested that seedlings taller than about 25 cm

would not show an increase in the rate of initiation and in subsequent heigltt
growth.

The position of buds on ll-year-old white spruce strongly influenced
the rate of bud development. Initiation of needle primordia in termj-nal
buds of the leader and of the four most recent primary whorls of branches
continued from rnid-July (or earlier) until mid-September. Throughout this
peri-od, rates of initiation reflected bud position so that by rnid-September
the leader had accumulated 630 initials, and the branches had accumulated
435,400, 340 and 270 j:nitials in the first, second, third and fourth whorls
respectively. Only in the leader was further development indicated, with
710 needles recorded in earlv October.

The seasonal patterns of initiation in ll-year-o1d white spruce
were examined in relation to the selection value of, various provenances.
Rates of needle initiation in lateral-branch terminal buds averaged about
seven primordia per day between mid-May and mid-September in the 10 prove-
nances studied. Significant variation among the provenances was not apparent
until late September; a correlation then emerged between accumulated primordia
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and height growth. The correlation became increasingly strong in October.
Slower-growing provenances did not significantly increase their primordia
after September.

Appllcgtions of Growth Acceleration

A progeny trial of 17 selected parent trees from the notable
Beachburg (Ont. ) provenance of white spruce was conducted in the first
application of the existing system for growth acceleration (Po1lard and
Teich 7972). Progenies attained a mean height of 22 cm in 25 weeks from
sowing, the two best progenies exceeding this mean by 222. The seedlings
were hardened, overwi-ntered outside, and transplanted directly into a field
trial the following spring.

During winter Lg72-73, about 25r000 seedlings were reared in an
acceleration system employing BC/CFS Styroblocks. White spruce seedlings
were urgently needed for replanting part of a silvicultural research area
at P.F.E.S. Because of the extent of the plantation, which included two
seed orchards, seedlings of knovrn genetic origins r^/ere specif ied. A total
of 37 different seed sources was represented in seedlings raised in two
series. After hardening in short days, seedlings will be chilled and planted
directly in the cutover area in the early summer of 7973. Production of
another 75r000 seedlings will follow if this scheme is successful.

A small experiment examined the effects of the delayed release of
white spruce seedlings from cold storage into a nursery in spring. Setbacks
occurred when cold storage was continued after mid-June, and were evident
in the year of release and in the following 2 years.

Seedlings used in many of our experiments are raised in the growth-
acceleration system in BC/CFS Styroblocks and then transplanted into plastic
pots for further experimentation. A study of the effect of age at the time
of transplanting on subsequent height growth showed that white spruce seed-
lings could be transplanted any time between 3 and 13 weeks after germination
without affecting height growth in the same season. However, if seedlings
were kept in the Styroblocks beyond age 13 weeks, their height growth
decli-ned slightly (Logan 1973b).

The growth-acceleration system developed at P.F.E.S. has been
designed for use in growth cabinet, growth rooms and conventional greenhouses.
In 1972 the_ system was tesLed in areas having much less environmental control.
These included a plastic greenhouse, with either a plastic roof or plastic
walls, or with both roof and walls, and a fully exposed nursery bed. At the
end of the summer, white spruce and jack pine in the fu11y enclosed plastic
greenhouse were ta11er and heavier than those gro\^ln in all other treatments.
However, the results .may have been influenced by a late spring frost, which
no doubt had the least effect on seedlings in the plastic greenhouse. In
comparison wi-th conventional nursery-gro\^rn seedlings of the same age, white
spruce were the same height but 3 Lo 4 times heavier in dry weight, and
jack pine were 1.5 to 2 times taller and 8 to 12 times heavier.
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CONCLUSION AND FIJTURE PROGRAM

While the growth-acceleration system is being continually rnodified
to suit particular applications, little developmental research is envisaged
for this study in the future.

The next 12 months will see intensive investigation of the endogenous
and environmental factors of bud development. Principles of phenological
control currently studied in white spruce will be applied to the IUFRO
collection of Sitka spruce (Pieea sitehensis [Bong.] Carr.) in an effort
to predict performance of these provenances.

We have a special collection of Yukon provenances, gathered in
collaboration with A.H. Teich in 1972. Genetic variability will be compared
both quantitatively and qualitatively with that of provenances from eastern
Canada; biochemical assays rnay be used in these tests.
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THE GENETIC IMPROVE}4ENT OF V'II-IITE SPRUCE,

PETAWAWA, 1972-73

A.II. Teich and D.F.I{. Pollard

Canadi.an Fonestry SeYaice
Petauaua Forest Erperiment Station

Chalk Riuer, Ontari.o

INTRODUCTION

Current tactics for the improvement of white spruce (Picea glauca
[Moench] Voss) are exploration of the genetic resource, testing provenance
collections, and application of results from both proven and promising
materials. The past 2 years have seen important developments in all three-

EXPLORATION OF THE GENETIC RESOURCE

Existing trials involve many provenances from Ontario, Quebec, and
other parts of North Arnerica (Teich I972c). While these large areas have
been only thinly sampled, certain patterns of variation are emerging; in
particular, fast growth seems to charactetize provenances from southeastern
Ontario and the St. Lawrence Valley in Quebec.

Representation of western and northern parts of Canada has been
too meager to permit evaluation of that vast segment of the white spruce
resource. An area of particular interest has been the Yukon Territory, for
it was in the unglaciated region near the Alaska border that western elements
of white spruce probably survived the last ice age. As a centre of survival
for the species in the northwest, the Yukon may hold a large genetic poten-
tial, especially as the variety of terrain in the Territory has provided a

suitable environment for expression and preservation of this resource.

A seed-collecting excursion was made in L972 along a 11300-mile
round route from Whitehorse, through Haines Junction, Beaver Creek, Dawson

City, I"layo and Carmacks. Eight provenances were each represented by f ive
single-tree collections at trnro sj-tes. In addition, two elevational transects
rirere run to the tree limit, and collections were made in and around a site
of suspected introgressi-on with Sitka spruce Pi.cea sitehensis (Bong.) Carr.

The genetic diversity of the Yukon collection will be compared with
diversity displayed in eastern Canada. During the excursion, several bark
types were noted, and the crornms \irere usually much narrower than those seen

in the east. Of special interest rnras the great range of habitats tolerated
by this species.
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TESTS OF SEED COLLECTIONS

The 15- and 20-year measurements, respectively, in the Great Lakes -
St. Lawrence Forest Region provenance experiments, nos. L94 and 93, are due
to be taken in 1973, and the results will be fu11y described in the next
report. However, the continulng excellence of the Cobourg (Peterborough,
Ont.) provenance, and an improving rank of the Swastika (Ont.) provenance
were evident in L972 from a special study of flowering in these experiments
at the Petawawa Forest Experiment Station.

A few provenances flowered at several locations in 1972, and cones
from the previous year (11 years from seed) were also seen (Teich and Pollard
L973) (Table 1). The flowering provenances were from Winchester (Ont.)
(2,442) and Grandes-Piles (near GrandrMEre, Que.) (2r447). These provenances
were also among the tallest in the experimentsl within provenances, flowering
trees were ta11er than nonflowering (l = 0.001). Other tal1 provenances did
not show marked precocity.

A trial of northern provenances at Chalk River (Expt. 218F1, -2,
-3) was measured after 10 years from seed (Teich L973). The most northerly
provenances flushed early and were damaged by late frost. Frost damage to
the leader resulted in a bushy habit. The three tallest provenances, from
Kapuskasing, Moosonee and Chalk River (experimental control) did not differ
significantly in height. Moosonee also had the second highest survivall the
Pagwachuan Lake (Ont. ) provenance had higher survival but was also the
shortest.

A progeny test of 17 Beachburg plus trees, carried out under
conditions for accelerated growth (frequent feeding with nutrient solutions,
long days), resulted in an average height of.22 cm at 25 weeks from seed.
The two tallest progenies attained 26.7 cm, being 227" LaLLer than average
(Pollard and Teich L972>. There was only a small correlation (0.16) between
seed weight and seedling height. Seedlings were overwintered outside, and
were winter-hardy. They have been planted in a field trial after only I
year from sowing instead of the usual 4 years

A progeny test of 12 Chalk River plus trees in a field trial was
measured for height and diameter after 22 growing seasons (Teich and Khalil
1973). Progenies that had been tallest after 11 growing seasons were still
the tallest after 22 growirrg seasons, and they also had the largest diameters.
Selection after 11 growing seasons would have resulted in the select
population having 802 more vo.lume than the original experimental population
aE 22 years of age

APPLICATION OF RESULTS

Selections from the precocious and other rapid-growing provenances
in Expt. L94 D-1 at Petawawa Forest Experiment Statj-on l^/ere crossed to
Petawawa plus trees in L972. The female flowers had not been bagged prior
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to pollination, but there was little white spruce pollen available from Ehe
wind (cones collected from trees not artifically pollinated yielded little
seed). Two seedling seed orchards were desi-gned, one incorporating this
seed and seed from Beachburg progeny-tested plus trees (Pol1ard and Teich
L972) (southern orchard, 9 acres), and the second having precocious Swastika
selections and Swastika plus trees (northern orchard, 2 acres) collected
by D. Skeates (Ontario Ministry of Natural Resources).

These two seed orchards were established from seedlings reared in
the growth-acceleration system used in earlj-er work (Pollard and Teich I972).
Seedlings were reared in BC/CFS Styroblock containers for about 15 weeks,
hardened in B-hour photoperiods, and chilled for 5 weeks before planting.

A grafted seed orchard of clones from Cobourg, Beachburg and
Douglas, initiated in 1969, was expanded with 10 ramets from 50 clones of
precocious and nonprecocious rapid-growing provenances and progeny-tested
ortets.
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FOREST TREE SEED UNIT,

PETAWAI^IA, I97I-72

B. S.P. Inlang

Cana&Lan Foz,es trg S ez'ui,ae:
Petawa'ta Fore st Enperi,ment Station

Chalk Riuen, )ntav"Lo

Since the last progress report the Seed Unit has continued with its
dual functions of service and research on seed problems. With the increasing
number ar:.d complexity of requests for information, seed, seed-processing and
testing services, and for research in seed-quality control and testing stan-
dards, the workload of the Unit has more than doubled since its establishement
in 1967.

INFORMATION SERVICE AND SEED DISTRIBUTION

The establishment of an information file and a worldwide network
of contacts has facilitated seed procurement and distribution as well as
rnaking available other information on tree seed at short notice. During
1,971-72, 70 requests for information and for seed were received from 14 coun-
tri-es and Canada, in response to which 300 seedlots of 47 species were pro-
vided. In particular, further distribution of Pinus syluestris L. seed of
three U.S.S.R. lrovenances (Woronesh, Orlovsk and Kiev) was made to the
Forestry Branch of the Saskatchewan Department of Natural Resources at Prince
Albert and to the Northern Forest Research Centre at Edmonton. Some seed of
these provenances remains and is available for interested researchers or
forest managers.

Although most enquiries from abroad have concerned seeds of western
tree species, some correspondents were interested in seed of eastern Canadian
tree species such as Ptnus sttobus L., Pinus resinosa Ait., Picea gLauca
(Moench) Voss, Picea maniana B.S.P., Acen saecharum Marsh. and Thula
oceidentalis L.

The 1961 FAO seed directory is being revised; the new directory will
be greatly simplified by listing only species and countries from which seed
of a given speci.es is available. The Seed Unit has submitted a list of seed
of 33 species for listing in the new directory.

SEED COLLECTION AND PROCUREMENT

In L972 the seed crops r^rere generally poor for most tree species
throughout the country, and most of that year's seed collections were small.
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Locally, Ptnus strobus produced a fair seed crop while PLcea glauca trees
showed fair fruiting early in the summer, but by late July cones of many trees
had fallen to the ground owing to the spruce budr^rorm infestation. Approxi-
mately 50 bushels of cones of bulk and single trees of Ptnus sttobus were
collected from a cutting area near P.F.E.S. In addition to theJ-ocal collec-
tions, a total of. 22 bushels of Picea s'LtcVtensis (Bong.) Carr. , Pinus contorta
Dougl ., Thuja plieata Donn and Tsuga heteropVtyLla (p.at.) Sarg. cones was pro-
cured from British Colurnl.ia.

The IllFRO working party on poplar provenances, chaired by Dr. Robert
Koster of the Forest Research Station at Wageningen, Holland, is planning to
collect Populus tz,i,chocarpa Torr. & Gray seed of 67 provenances from British
Columbia, Washington and Oregon. The Pacific Forest Research Centre of the
Canadian Forestrv Service has offered to cover the collections in British
Columbia.

To meet requests received from within Canada, seedlots of Picea
abies (L) t<arst., Pieea jezoensis (Sieb. & Zucc.) Carr., Picea sitchensis,
Tsuga mertens'Lana (Bong.) Carr., Pinus syluestz,is and Abies ueitehii Lindl.
were purchased or obtained in exchange from Denmark, Sweden, Estonia, Iceland
and Japan. To fill requests from abroad, many seedlots of various species
were kindly collected or supplied by the British Columbia Forest Service,
the Quebec Department of Lands and Forests, and Research Centres of the
Canadian Forestry Service.

The up-to-date inventory 6f seed stocked in the seed bank consists
of 61 tree species including 375 provenances and 1,040 seedlots. A new list
of seed available from the seed bank will be published in L973.

SEED EXTRACTION

During L972 trre seed extraction plant processed a total of 600 lots
of seed of various coniferous and hardwood species. Service extraction
included 30 bushels of cones of western Canadian tree species for the
Icelandic Forest Service and l-97 lots of single-tree collections of Picea
glauea cones for a cooperative project with the Ontario Ministry of Natural
Resources, the Grest Lakes Forest Research Centre and the Petawawa Forest
Experiment Station. The cone shed was enlarged to provide space for storing
and air-drying an additional 60 to 80 bushels of cones.

Although soaking of cones and additional kiln-drying had the effect
of increasing the seed yield of. Pi,nus restnosa and Picea mariana, this effect
was not so pronounced in Pinus banksiana Lamb (3 to L37" ot the total seed
yield from second kiln-drying). Loboratory germination tests revealed that
seeds of some Pinus banksiana lots extracted from the second and third kiln-
drying not only germinated more slow1y but had a reduction of germinability
of 15 to 592 and an increase in abnormal germination of 5 to 457" as compared
with the seeds from the f irst kiln-drying (lnlang 1973) .
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SEED DE-WINGING

Most coniferous seeds are not difficult to de-wing. llowever, the
de-winging of. Abies seed is always a problem owing to the thin seed coat and
its high resin content. Although separating empty seeds frorn filled seeds
in Abt,es is difficult,. seed quality can be improved when seeds are de-winged.

A preliminary test of a de-winging technique with one lot of Abies
balsamea (L.) Mill. seed of Newfoundland origin was successful. After clean-
irg, the winged seed was stored in a cold room (1 to 2oC) overnight and then
rubbed gently by hand in a cotton bag irnmediately after its removal from cold
storage. A comparison of the quality of de-winged and winged Abi'es balsatnea
seed is given in Table 1.

TABLE 1. COMPARISON OF SEED QUALITY OF DE-WINGED AND h'INGED ABIES BALSAMEA

SEED OF NEWFOUNDLAND ORIGIN BY X-RADIOGRAPHY

Treatment Sample no. Z of. f.TLLed seeds Germinabil-ity (Z) I

De-winged

I^linged

1
2
3
4

Average

1
2

3
4

Average

85.0
85 .0
85.0
84.0
84.8

72.0
6s.0
74.0
67 .0
69.5

74.0
83.0
84.0
81. 0
80.5

67 .O
64.0
70. 0
61.0
6s .5

Seed was prechilled in moist
and germinated at 20 to 30oC
Genminabilitv was cal-cul-ated
fully developed seedling as

Kimpak paper cel-l-ul-ose
alternating tempenatur:e
at end of 4 weeks with

cniterion.

SE]ED STORAGE

for 4 weeks at I to 3"C
with 8-hour photopeniod.

radicfe emergence to

Preliminary results from some long-term storage studies and tests
of o1d stored seeds have shown that most coniferous and srnall hardwood seeds
can be stored safely in airtight containers at I to 2"C for 10 to 25 years
when the moisture content is reduced to less than 82 of fresh weight. Two

Pinus banksiana seedlots tested in L972 showed 707 and 847 gexmination
respectively after storage in airtight glass jars for 21 and 19 years at 1

to-2oC (!'Iang L974). There rras no loss of germination ln Picea gLauea artd
Pinus strobus seed after 6 to 7 years or of Picea nubens after 16 yearsf
storage at 1 ro 2oC. Seed of Populus gnortdLdentata, P. tz'emuloideB and P.
deLtoides var. oeeidentaL'Ls Rydb. ratained their original germinabllity after
storing at -18"C for 4 to 6 years (I^Iang 1973). A review of tree seed storage
has been completed and will be published by the Department in L974.
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SEED_TESTING AND RESEARCH

Although only 10 service tests were performed in I972, routine
testing of stored seed is still far behind schedule owing to a shortage of
assistance. Keen interest has been expressed by foresters of several prov-
inces in establishing standards for testing Canadian native tree seed.

The Unit participated in a referee testing of Fagus syLuatiea L.
seed sponsored by the Forest Seed Committee of the International Seed Testing
Association. A consensus vras reached from the results of the eight partici-
pating laboratories around the wor1d, but there was much variation among indi-
vidual laboratories. The referee system is used to verify proposed new
methods of seed-testing. The currently recognized rules for testing tree
seed prescribed by the International Seed Testing Association (1966) and the
Association of Official Seed Analysts (1970) are revised from time to time.

Dormancy of Pieea gLauca seed was further studied. Forty-six percent
of the 48 seedlots tested showed a definite requirement for stratification
(or prechilling) for maximum germination. This was especially true with seed
of 1ocal provenances. I,rTork on this subject is in progress.

Although stratification treatment is recommended for nursery or field
sowing of Picea glauca and P. mayiana seed (U.S. Department of Agriculture
1948), many nurseri,es do not comply. A nursery test of the stratification
effect on field performance of Picea gLauca, Picea mariand and Pinus strobus
indicated that stratified seed of BOZ of. all the seedlots tested had two to
five times more germination than the unstratified seed. The test results
suggest that 4 weeks stratification treatment not only will prepare the seeds
of Picea glauca, Picea maniana ar.d Pinus stnobus for rapid and more nearly
complete germination but will result in greater uniformity in seedling
development.

Earlier results of testing large hardwood seed by X-radiography were
encouraging, but a large-sca1e follow-up study wl-th Juglana nigra L. nuts
was not successful, because of the thick shel1 of the nuts. A further study
of these nuts with the X-ray contrast technique is planned.
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JACK PINE GENETICS,

PETAWAWA, 1972-73

C.W. Yeatnan

Canadian Forestny Seruiee
Petqaa.oa Forest Erperiment Station

Chalk Ri,uer, 2ntaz'io

Work on j ack pine during the period under review included observa-
tions of injury in northern all-range provenance tests; selection and propa-
gation of plus and minus phenotypes for testing, demonstration and breeding;
a survey of disease in lodgepole pine and its hybrids with jack pine planted
in eastern Canada; an<i the creation of provenance hybrids in cooperation with
the U.S. Forest Service. Fruitful discussions were held with provincial
forest services responsible for seed production and improvement.

PROVENANCE STUDIES

Evidence of winter injury to conifers was prevalent in eastern
Ontario in the spring of L972. The opportunity was taken to survey cold and
pest injury to jack pine provenances planted in northern Ontario and Quebec
(Exp. Iiio. 255-E). Substantial loss of foliage and some bud injury occurred
within provenances from mild climates, southern and maritime, when planted
in boreal envj-ronments. At the Lakehead, western Ontario, browsing by hares
and deer was severe on trees from the Lake States to the Maritimes, apparently
associated with late maturity and relative succulence in the late growing
season and fa1l. Infestations by pitch nodule maker (Petroua albicapitana
IBusck]) and infection with Armillaria root rot (ArmtlLaria meLLea [Vah1 ex
Fr.] Kummer) appeared to be random within tests but occurred with higher
frequency at some locations than at others.

Scleroderri-s canker (Grermneniella abietina [Lagerb. ] Morelet) was
recorded at three test locations - near Caramat and Fraserdale in northern
Onatrio, and near Clova in northwestern Quebec. Fewer-than-average infections
occurred within a number of northeastern provenances from Quebee, New

Brunswick and Nova Scotia, a result consistent with earlier observations in
nursery tests (teictr and Smerlis, 1969). Higher--than-average susceptibility
occurred in many southern provenances ranging from the Ottawa Valley to
Kenora. At the Clova site, for example, infection levels among these prove-
nances ranged from 37 to 507" in contrast to levels of 3 to L27" with.in near-
local and eastern provenances. Commonly, important differences in mean

height, winter injury and incidence of scleroderris canker occur between
adjacent provenances from the same climatic region or forest section. A11

L2 tange-wide tests planted in eastern Canada are Lo be assessed in L973 at
age 10 years from sowing.
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SINGLE-TREE SELECTION

Consistency of form and disease occurrence within, and differences
between, jack pine clones planted on trnro sites at Petawawa Forest Experiment
Station (Petawawa F.E.S.) provide evidence of strong expression of genetic
differences between individual trees. In the winter L977-72 some 20 jack
pine trees were selected in natural stands and plantations for plus and minus
characteristics of form, budworm injury (Choristoneura pinus pinus Freeman)
and rust infection (Endocz,onartiun hayknessin LJ.P. Moore] Y. Hiratsuka, and
Cronav,tium eornptoni-ae Arth.) (Exp. No. 392). Graf ted clones of these trees
will provide material for dernonstration and studies of broad- and narrow-sense
heritability. Seed was also collected for comparisons among the open-
pollinated progenies.

In the fall of 1972 a program of plus tree selection was initiated
in the region of the Upper Ottawa, Petawawa, and Madar^raska valleys (Exp. No.
391). Contrasting good and poor phenotypes were selected from eight stands
(4 plus, 4 minus per stand), r^rith primary emphasis placed on stem form and
branch angle. The plus trees were all in the dominant crown class and above
average in height. The grafts are to be planted in a spacing trial to deter-
mine the effects of form and spacing on wood production, and thus the gain
to be expected by genetic improvement. The clones will also be planted in
an arboretum for demonstration and breeding. Families derived from open-
pollinated seed will be used to estimate breeding values (general combining
ability) of the selected trees by planting them in progeny tests at normal
spacing on typical jack pine sites. A seedling seed orchard will be estab-
lished to study design, techniques, costs and seed production_.

Assistance \4ras given to M.A. Chaudhry j-n selecting e;nd propagating
plus trees from the Swastika District of the Ontario Ministry of Natural
Resources (Exp. No. 393). Scions were grafted at Petawawa and will be
returned to Swastika for planting in a clone test. Seed from open-pollinated
cones was extracted by the Petawawa Seed Unit and will be used for progeny
tests in the area of origin.

PROVENANCE HYBRIDS

Control pollinations were made in 1971 and L972 witrrin and among
six jack pine provenances distributed from Nova Scotia to the Northwest
Territories (Exp. No. 390). This work is part of a cooperative investigation
with the Institute of Forest Genetics, Rhinelander, In/is., to determine modes
of inheritance of quantitative charactbrs associated with geogriiphic origin.
Conelet abortion limited the number of cones to reach maturity, and the yield
of filled seed varied widely from a few to more than 30 seed per cone but
ranged more commonly between 10 and 20 seed per cone. Some pollinations will
be repeated in 1-97 3.
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LODGEPOLE PINE IN EASTERN CANADA

A survey in 1971 of 10- to l5-year-o1d plantations of lodgepole pine
(Pinus eontorta var. Lat'Lfolia Engelm.), jack pine and their hybrids, origin-
ating both as seedlings and grafts, confirmed the total lack r:f resistance
of lodgepole pine to sweetfern blister rust when grovm on typical jack pine
sites at Petawawa F.E.S. Severe infection and 1ow survival due to this
disease were evident among lodgepole x jack pine hybrids. In 1972 an assess-
ment of all knovrn plantings of lodgepole pine in Ontario and Quebec confirmed
the high susceptibility of this species and its hybrids with jack pine to
sweetfern blister rust. Because of the danger of introducing deleterious
genes into native jack pine, it is reconrmended that the introduction of lodge-
pole pine into eastern Canada cease.

GENERAL

Interest in applied genetics i-s increasing as evidence accumulates
of the opportunities to improve Jack pine seed used in forestation. Consul-
tations were held with representatives of forest industry and provincial
forest servi-ces in Quebec and Ontarlo concerning the control of jack pine
seed collection and distribution and the development of breeding programs.
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TREE IMPROVEMENT IN lHE NORTHERN REGION, I97T-R

J.I. Klein

Canadi.mt Fonestzg Seruice
Northetm Eorest Researeh Centi,e

Edmonton, ALberta

JACK PINE BREEDING PROGMM

Eastern District FaJnilv T_e_s-t a-nd Seedling Seed Orchard

A test of open-pollinated families for eastern Manitoba was planted
in the spring of. L972. The test involves plantations on four sites, with 15
replicates, 216 entries and nearly 13r000 plot t.rees. Selection of superior
genotypes based on test results may be exercised among the planted trees
themselves, as well as among the parent genotypes; hence the designationttfamily testtr rather than ttprogeny testrt.

.The statistical design for the test is cubic lattice. This design,
in common with other incomplete block designs, affords more effective removal
of site vari.ation from error than does random block design. Part of the price
for this extra precision is that extra work must be done before planting to
ensure correct arrangement of the families in the plantation. In this
instanee, where planting stock was bare-root, a six-man crew spent about three
calendar days on labelling and packing the seedlings after lifting was com-
pleted. Furthermore, about one man-month during the winter was devoted to
design construction, label-marking and arrangement of labels. The actual
planting operation was, however, no more complicated than the planting of a
randomized-block experiment. l'Ihen both genetic variation and site variation
become manifest in plantation performance, it will be possible to Judge
whether the extra effort required for the use of this design is justified
by the results.

An establishment report has
a description of all phases of test
families in the test, site location
all replieates.

been prepared for the test and includes
establishement, source data for all
rtlaps r and plot layout diagram-maps f or

A seedling seed orchard using largely the same set of families was
also planted in 1972. That plantation has about 4,500 plot trees on three-
fourths of an aere. A report on the seedling seed orchard will be included
in the Technical Session of this meeting.

Stocf< grodu-cti-on for Furth-er Familv Tests

In the current stock-production activity for the western breeding
district family test (central Saskatche\^ran to eastern Alberta), Spencer-
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Lemaire fold-up plugs having a capacity of about 30 cubic inches are employed.
Seedlings produced in containers such as these can be completely arranged for
planting without disturbing the seedlings. Sowing was in progress when this
report was prepared. A sowing of the \^restern district families at Big River'
Sask., reported to the 1971 meeting of the Cornmittee, was not successful.

ParenE Tree Selection Grafting

Collection of breeding materials for this program was eompleted in
December 1-971, when parent trees were selected in eastern Saskatchewan.
Grafted ramets of parent trees selected in the central and western breeding
di-stricts have been planted in a temporary clone bank in Alberta. Source
documentation for arl1 parent trees in the program has been compleLed and
distributed to cooperators.

In April 1-973, scions were collected from primary ramets of eastern
breeding district parents growing a Birds Hill Research Nursery near Winnipeg'
Man., and were grafted at the Northern Forest Research Centre. Most of the
secondary ramets obtained will be planted in a permanent clone bank being
prepared this summer at the research nursery. This clone bank will eventually
contain ramets of aLl surviving parental clones represented in the eastern
district family test, plus ramets of the best seedlings in the test for all
other familids. I hope to establish district clone banks for t:he central and
western breeding districts as well, plus a general clone bank near the North-
ern Forest Research Centre, but there has been only preliminary exploration
in respect of these.

PROVENANCE EXPERIMENTS

About a decade after initiation of the cooperative study, plantations
of the All-Range Jack Pine Provenance Experiment have been established in
western Canada. A 5-replicate plantation of 3 * 0 stock was planted in south-
eastern Manitoba, and a lO-replicate plantation of 2 * 0 stock in north
central Saskatchewan. Both plantations are in lattice square design with
81 populations and four-tree row p1ots, and both were planted in the spring
of 1972. A procedure analogous to that for the breeding programts fami-ly
test \^7as followed in labe11ing and packing the seedlings. An establishment
report is in preparation.

The Northern Region is participating in the Cooperative Black Spruce
Geographic Variation Study. Seedlings for nursery measurements and field
planting are being grown at the Provincial Tree Nursery near Edmonton.

OTHER ACTIVITIES

Forestry agencies of the three prairie provinces have expressed
interest in an improvement program for white spruce. Two complementary study
proposals for such a program were prepared, but tangible activity will
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probably be delayed until plantation establishment for the jack pine breeding
program has been completed.

North hlestern Pulp and Power Limited, of Hinton, Alta., requested
corsultative assistance to enable them to carry out an improvement Program'
mainly with lodgepole pine, for reforestation on their tirnber-lease area. A
program proposal was accordingly submitted to them in September I972. The
principal initial effort proposed is establishment of test plantations
designed to identify genetically superior stands as well as superior families
or parental genotypes. Intensity of parent-tree selection is to be decided
on the basis of a pilot trial on the relation of phenotypic selection cost
per candidate to selection differential achieved. Test plantation establish-
ment is to be spread over several years, so that the number of families
planted in any year will not place an unreasonable burden on available
resources.
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GENEcoLoGy oF 39 pRovENANcES AND 1-15 struelE-TREE pRoGENIES

oF THE 1970 UJFRo srrKA spRt.cE coLLEcuoN

Ernile R. Falkenhagen

Eaculty of Foz'estry
uniuev'si.ty of Bz.itish Columbia

Vcneouuer, Bz'ttish Colurnbia

A report was presented at the 13th meeting of, the Courmittee on Forest
Tree Breeding, giving the origin, geographical coordinates of the material
studied and some results of a cone and seed morphological study (Falkenhagen
r97L) .

A total of 545 single-tree progenies of Sitka spruce, grouped into
39 provenances, \^rere sown in April L97L in a randomized complete-block design
with four replications and 24 seedlings per replication, ot 96 seedlings
per progeny. The seeds \^rere sohrrr in styro-blocks at the new British
Colurnbia Forest Service nursery at Surrey, by the rnethod recently developed
by the Pacific Forest Research Centre in cooperation with the British
Coiunbia Forest Service.

Germination rate, bud set, length of epicotyl and survival after
the first growing season were assessed in 1971-. The seedlings were trans-
planted at 6 x 6-inch spacing in plain soil seedbeds in l{ay L972, each
progeny being kept separate and having the same statistical design as in
Ig7L. The seedling characteristics so far studied indicate a general pattern
of clinal variation in bud burst, bud set, color of the needles and epicotyl
length at the end of the first year. Bud burst was negatively correlated
with longitude (r = -0.50). Bud set appeared to be under strict genetic
control as attested by Lhe second estimation of this character at the end

of the second growing season (with latitude 2 rZ = 0,77). Latitude and
alti-tude of the place of origin of the provenances explained' 657" of the total
variatlon in epicotyl length. Total stem height after the second growing
season is being measured. Vari-ation in foliar nacro- and micronutrients of
10 provenances is at present under investigation. Seed characteristics are
being used to compare multivariate statistical classifications of the
provenances. Sorne indications as to the best available method to be used
have been obtained already.

REFERENCE

Falkenhagen, Emile, R. 1971. . A study of the IUFRO Sitka spruce provenances
and single tree progenies. Pages L3L-I32 in Proc. Thirteenth Meet.
Comm. Forest Tree Breed. Can., Part 1.
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FOREST GENETICS AND TREE BREEDING
AT THE FACULTY OF FORESTRY,

UNIVERSITY OF BRITISH COLUItsIA

0. Sziklai

EaeuLty of Fonestrg
Uniuensity of BrLtish Colurnbia

Vmteouuen " BnLtish CoLunbia

ACADEMIC PROGMM

Underg_raduate

The forest genetics course was taken by 18 students during the spring
term of L97L-72 and by 17 students during the fall term of L972-73. The
change in the terms was implemented only for L972-73, to allow the i-nstructor
to begin his leave of absence from January 1, 1973.

Graduate

R. Ho defended his Ph.D. thesis, "Studies on Pollen of Selected
Specles in Pinaceae", in April L972. At present he is working as NRC Post-
doctorate Fellow at the Department of Botany, University of Victoria.

M.D. Meagher is still in the process of fj-nishing his Ph.D. thesis.

H.G.D. Marshall successfully passed the Ph.D. comprehensive examina-
tion and subrnitted the flrst draft of his thesis, "Examination of Selection
Criteria for the Genetic Improvement of Coastal Douglas-fir in British
Columbia.'r He is now on a CIDA program in Ceylon.

E.R.A. Falkenhagen completed the comprehensive examination in
October L972. His report is submitted separately to the Committee on Forest
Tree Breeding in Canada.

J.L.A. Berneyrs M.F. thesis, "studies on the Probable Origin of
Some European Douglas-fir (Pseudotsuga menzi.esii [t"tirU.] Franco) Planta-
tions", was accepted in Decernber 1972.

RESEARCH PROGRAM

Research is concentrated mainly on studies related to intraspecific
variation in nuclear characteristics and DNA content of Douglas-fir. With
the assistance of Dr. El-Lakany, these characteri,stics were investigated on
51 provenances collected by IUFRO Section 22 in L966 and 1968.
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Selection of Pinus eontorta var. Latifolia for Stora Kopparberg,
Fa1un, Sweden, was carried out between latitudes 54oN and 56oN in the interior
of British Colurnbia. A total of 105 individual plus trees was registered and
75 of them are included in the tree breeding program of Stora Kopparberg and
B.C. Forest Service.
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TREE IMPROVEMENT IN COASTAL DOI.JGI.AS-FIR BY THE B,C. FOREST SERVICE

J.C. Heaman

Reseav,ch
BrLtish CoLunbia
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DLDLS',?.On

Forest Seruice
ti-sh Colunbia

Since the last progress report, the emphasis of the British Colurnbia
Forest Service tree improvement program for coastal Douglas-fir has been
placed on consolidating the breeding materials that have been accumulated and
reappraising goals and approaches. The clones of the registered plus trees
have been established on the Cowichan Lake Forest Experiment Station, and
reproductive buds are starting to appear. In I97L, for example, a controlled
pollination program involving 8r000 female strobili from 83 clones was
possible.

Iilhile the first leve1 of B.C. Forest Service seed orchards is in
process of establishment to meet short-term seed requi-rements, a long-term
breeding program making use of the accumulated maEerials is also needed. The
B.C. Forest Service's responsibilities continue to change, and since 1968
changes in the intensity of approach and in the choice of breeding methods
r^rithin the tree improvernent program have also evolved. Early results of
Dr. Orr-Ewingts research are becoming avai-lable to provide more positive
guidance in selecting the most efficient approach. Several breeding alter-
natives have been discussed, ranging from subjective selection in the F1 gen-
eration of crosses made with plus trees to a balanced factorial progeny test.
Considerable experience has been gained, but by J-972 it had become clear to
the Forester i/c Research that more specialized services in the field of
quantitative genetics were needed. Dr. Gene Namkoong of the U.S. Forest
Service came, under contract, to fu1fi1l this need by examining the present
program of the Division and discussing the options available for the future.
These program options are stil1 under consideration, but as the objectives
of breed production, estimation of genetic parameters and testing of genotypes
can all be met by some form of partial diallel mating design, it is likely
that a recurrent selection program using this mating design will be adopted
as part of the long-range approach. Although limited cone and pollen produc-
tion occurred in 1973, a start was made on this program and 120 crosses have
been attemoted.

The seed orchards of the B.C: Forest Service are being established
by the Reforestation Division and are under the direction of M. Meagher, who
is now an Active Member and will submit his own report.

On a personal note, leave of absence was granted to eomplete a
Masterst degree at the University of Victoria, and the follorving publication
resulted from the thesis.
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LODGEPOLE PINE GENETICS, BRITISH COLI,il4BIA, L97I-R

K. Illingworth

Reseanch Diuision
Bv,itish Colwnbia Forest Senuice

Vt,ctoria, Briti,sh ColumbLa

The lodgepole pine improvement program in Briti-sh Columbia comprises:
(1) studies of genetic variation in wild and cultivated population samples;
(2) selectj-on and propagation of plus phenotypes for breeding through simple
recurrent selection. Objectives, methods and some preliminary results have
been detailed in previous reports to this Committee.

PROVENANCE RESEARCH

Nurs.e.ry. Studies

Data analyses of growth behavior and rnorphological traits were con-
tinued for a range-wide collection of provenances studied in two nurseries.

A similar set of provenances is being gro\^,rl f or f ield tests. Sown
in three randomised blocks at Red Rock nursery (central interior) in 1971,
they provided further opportunities for observing geographic variation at
the seedling stage. The first occurrence of Sirococcus shoot blight
(Siroeoccus strobilLnus Preuss) in a British Columbia nursery and on lodge-
pole pine in North America was recorded on these provenances in L97I. The
greatest di-sease inci-dence occurred among provenances from the southern inte-
rior wet belt (Columbia Forest Zone) and from the Cascade and Sierra ranges.
Genetically based geographic variation in the susceptibility of lodgepole
pine to this disease was inferred (tllingworth L973).

During the winter of 1972-73, the failure of snow to provide young
plants with their customary protection against low temperatures resulted in
extensive damage to many species in British Columbia nurseries. However,
these conditions also afforded an opportunity to observe frost injury among
lodgepole pine provenances i-n nursery and field tests, permitting an early
screening of many coastal provenances from potential use in the central inte-
rior. Among 2-year seedlings in an all-range test of lodgepole pine at Red
Rock nursery, coastal provenances suffered extensively. Variation was clinal,
being negatively correlated with latitude (rigure 1), and ranged from 1002
(California coast) Lo nil (Alaska coast, Queen Charlotte Islands). Prove-
nances from the outer coast were less damaged than those from the inner coast
(fjords, east Vancouver Island, lower mainland). Injury to provenances from
east of the coast ranges consisted only of slight needleburn on a few prove-
nances from south of 50oN, notably on those from the Colurnbia Forest Zone.
Five-year-old trees in test plantations showed a similar pattern of injury'
and a Queen Charlotte Island provenance also suffered s1ightly.
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Field Tests

Thirty provenances grown at both Red Rock and Lake Cowichan nurseries
are being tested in southeast and central British Columbia (figure 2 and
Table 1). After two summers in the field, overall survival was 99.92, while
second-year height increment averaged 16 cm and total height 43 cm. Prove-
nances differed significantly in L972 height increment (p=0.1) and there were
no detectable interactions with test sites or nursery sources. Consequent
shifts in provenance rankings preclude early conclusicns based upon top
height, but consistent height-increment groupings are noteworthy. At both
test locations, coastal provenances comprised the least vigorous cluster,
uithin which that from Port Clements (Queen Charlotte Islands) consistently
showed greater vigor and hardiness than those from Porcher Island, Tofino
and Chemainus (Vancouver Island). Grouped with them was a high-elevation
source from Yellowstone Flats (2r300 m, Montana). InterestinBly, this large-
seeded provenance had put on, together with the Chemainus source, an outstand-
ing display of early vigor at both nurseries. Signifj-cant growth differences
occurred between provenances from the coast-interior transition zone of the
Skeena and Nass rivers, Aiyansh being consistantly poorer than Kitsumkalum
and Kitwanga. Interior provenances outgrew all others, although the ranking
among them is irregular. At each test site, the most and the least vigorous
group of five interior provenances included loca1 as well as distant seed
sources. The possibility of greater intraregional variation within the sub-
species Latifolta than had previousiy been supposed questions present assump-
tions regarding seed transfer rules and the preferred use of local seed
sources for reforestation with this species.

In 1972, 43 provenances were planted in 10 replications in the
Chilcotin and Fraser Canyon regions of British Columbia. First-year survival
was 83.7 and 93.67", respectively. Early losses are attributed mainly to the
quality of planting (1arge block difference) and stock conditj.on, rather than
to provenance effects.

The main series of field tests will be installed in tlie spring of
I974. A total of 150 provenances will be planted on 60 test sites sampling
broad climatic and latitudinal zones in the interior of the province.

Lodgepole pine has an insignificant role in coast reforestation,
but interest is increasing in its potential for use on difficult sites. These
include severe frost pockets where pilot trials have demonstrated the rela-
tive hardiness, ease of establishment and early vigor of the coastal variant
of the species. However, its susceptibility to modification in fonn as a
result of site and stand influences, especially initial spacing, is well
known. In the spring of 1973, therefore, 2-year-oId seedlings of six prove-
nances (representing a north and south transect from outer tri inner coast)
were planted on frost-prone sites in a north coast valley (Kitimat) and on
Vancouver Island. Twelve circular Nelder plots were inslalled at each loca-
tion. Each plot comprises three replications of the six provenances planted
at spacings varying between 5 and 13 feet. These trials will be used to
investigate spacing and provenance effects upon tree growth and development.
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TABLE 1. GEOGRAPHIC ORIGIN OF THIRfi PTNUS CONTORTA PROVENANCES PLANTED AT
NEGRO CREEK AND CLUCULZ LAKE, BRITISH COLI]MBIA, 197I

No. Location
Lat.

"N
Long. Elev.

M

I
2

3

4

5

6

7

8

9

10

11

I2
13

T4

15

16

t7

18

19

20

2T

22

23

24

25

26

27

28

29

30

Port Clements, Mayer L. (Q.C.I.)
Porcher I.
Tofino

Chemainus

Wonowon

La Grande Ck. N.E. Ft. Sr. John

Nass R. (Aiyansh)

Kitsumkalum

Kitwanga

Salmon R.

Rose L. 1 mi. S.W. Broman L.
Ft. St. James

Burns Lake

Tchesinkut L.

Reid L.

Tachick L. (Vanderhoof)

Punchaw L.

Strathnaver

Puntchesakut L. (Quesnel)

Kersley

Beaver Ck.

Narcosli Ck.

Mlocene (Horsefly)

Horne L. (Tat1a L.)
Clearwater

100 Mile House

Mar1. Ck. (Big Bend)

Cherryville (Monashee)

Trapping Ck.

Yellowstone Flats, Montana

53039'

54" 02',

49o 05'

48"55'

560 42',

56'30 |

55" L2l

54" 40',

55008'

54030'

54" 25',

54" 20'

54" 15'

54"05 |

540 00'

53055'

53" 20'

53" 20'

52 
058 |

52" 501

52" 401

52" 34'

52" L6'

5L" 461

5r" 47',

51" 36 r

51035 I

500 13'

49"35'
*45"30'

r32" O4l

130017'

r25" 47 |

r23" 45'

r2r" 43',

r20" 201

r2g" 05'

128035'

r27 " 521

123 0 10'

L26" r0l
L24" 15l

L25" 43',

L25" 401

1230101

r24"20',

123 0 00'

r22" 401

L22" 581

L22"341

L22" LOI

122"331

r2L"32l

L24" 44',

l20"Lzl
r2L" 281

LL7" I2I
118 033 

'

119" 01 r

*110" 45 |

23

46

23

60

915

6Bs

150

2L5

490

795

840

700

840

795

68s

770

770

610

915

610

770

915

915

9L5

1356

1000

900

670

1000

2030

* Appnox. only.
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BREEDING

Breeding Arboreta

To permit their genetic evaluation and preservation for tree improve-
ment and other scientific purposes, population samples from throughout the
geographic range of lodgepole pine have been established in breeding arboreta
at Lake Cowichan and Red Rock. In addition to stand samples, the Red Rock
arboretum includes 780 wind-pollinated farnilies representing 53 provenances
from Alberta, Yukon Territory and the interior of British Columbia. These
families are also being evaluated in a 65-acre field test near Prince George.

Single Tree Selestion

Ramets of 150 plus phenotypes from Yukon Territory and central and
northern British Colurnbia have been established in clone banks. Three years
after grafting, 78.42 of the 7,629 grafts are viable. Despite unusually scant
snow cover and, therefore, increased exposure during the winter of I972-73,
losses in the clone banks averaged onLy 42. They are attributed mainly to
the physiological deterioration of the rootstocks after planting, rather than
to winter dessication or poor graft unions. However, the existence of graft
incompatability in lodgepole pine is suggested by a few clones in which,
despite initially healthy scions, the same grafter and rootstocks, graft fa1-1--
ures reached 7OZ (clone S.C.A. 24>.

Rapid turnover of generations promises to be a very real help in
lodgepole pi-ne breeding. To aid predictions, flowering habits are being
observed. Of 75 clones grafted in the spring of. I97L, a tal1y in June 1972
showed that one or more ramets in 44 clones bore male strobili, that 20 clones
produced one or more female strobili, and that 10 clones produced both.

REFERENCE

Illingworth, K. L973. Variation in the susceptibility of lodgepole pine
provenances to Sirococcus shoot blight. Can. J. Forest P,es. (In
press. )
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IIPRO\BGNT OF h,I-IITE AND EIGELIITANN SPRUE CI}PLDGS OF BRITISH CCI-UAIA
PRGRESS REPORT

Gyul-a Kiss

Researeh DLvLsi,ort
Bri,ttsh Colwbia Forest Sertvtee
Prinee George, BrLtish Colwribi.a

Establishnent of open-pollinated-progeny trials was the main objec-
tive of our program during the past. 2 yeats.

Eleven thousand seedli.ngs representing the 181 trees selected in the
Prince George selection unit were planted at LLeza Lake on L7.5 acres in the
spring of 1972.

Tn L973 three more plantations were established (ned nock, Quesnel
and Barbie Lake). A11 four plantations are within the plus tree selection
area and represent different environmental conditions. A total of 49r000
seedlings representing these 181 selected trees were planted at the last
three sites (the total area of the three plantations is about 75 acres).

Survival was excellent at each plantation. Initial height measure-
ments were taken of each seedling. Further height measurements will be taken
at 3- to 5-year intervals.

Further progeny trials for the Snithers-Houston selection unit trees
are planned for L974. Thirty-two planting sites have already been staked and
prepared for planting. The plantations, each of which will be about 2 acres,
are vre1l distributed throughout the selection unit and represent several site
types. A control plantation of approxirnately 15 acres will be established
near Red Rock, which is well outside of the original selection unit.

Both the selection units just mentioned are considered to be in the
white spruce zone, but the Prince George unit contains hybrid swarms of white
and Engelmann spruces. In my opinion many of the selected trees in the
Smithers-Houston selection unit night contain some elements of Sitka spruce.

The East Kootenay selection unit is considered to be in the Engelmann
spruce zone. Herd cones were eollected from 110 of the 132 plus trees in
L97L. Seedlings of this collection will be outplanted in J-975 in an arrange-
ment similar to those of the Smithers-Houston unit. Family-oriented differ-
ences in height growth exist in this selection unit also.

The grafted clones of the plus trees are developing well. It is
interesting to note that the East Kootenay grafts, in general, are growing
faster than those of the local trees. This might be viewed as supporting
evidence to Rochefs (L967> contention that "... a silvicultural gain will
result ..." from the transfer of high-elevation southern provenances to lower
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elevations of northern latitudes (p. 136). Some ramets of East Kootenay plus
trees grev/ as much as 50 to 60 cm this year. In general, it appears that the
height growth of the East Kootenay clones is about 2OZ better than that of
the Prince George clones.

Some strobili production appeared on the 4- and 5-year-old grafts.
Most of the strobili were male; only a few female ones were noted. It is ny
opinion that, given favorable environmental conditions, many of these grafts
could already bear a light cone crop. Many of the grafts are more than 1 m

tall.

A preliminary study of white, Engelmann and Sitka spruce chromosomes
was carried out in 1972 and an "in servicett report was prepared. The high-
lights of this report can be sunrnarized as follows:

A11 three species have metacentric and submetacentric chromosomes.

Irtrhite and Sitka spruces appeared to have secondary constri-ctions that
were not apparent in Engelrnann spruce.

Sitka and white spruce karyotypes often contained a single supernumerary
chromosome. No supernumeraries were found in Engelmann spruce. Fletcher
and Faulkner (1972) (p. 6) have referred to a paper in press by Moir and
Fox (L972) in which the authors discuss the occurrence of supernumerary
chromosomes in seed of 8 Sitka spruce provenances. To my knowledge,
however, no supernumerary chromosomes have been report.ed as yet in white
spruce. They appeared to be quite conrmon in white spruce root tips.

Pronounced average size differences vrere noted between chromosomes of the
three speci-es. White spruce chromosomes were the largest. Sitka spruce
chromosomes were on the average 5Z smaller than those of white spruce
chromosomes. Engelmann spruce chromosomes were the shortest, being about
272 shorter than white spruce chromosomes.

The Piceta aL Chilliwack and Red Rock are nearly complete. About
25 species of spruces are represented in Chilliwack and 13 species are in the
Red Rock Pi-cetum. Both eastern white and black spruces (Picea glauca [Moench]
Voss and P. mariana [Mi11.] B.S.P.) are growing well at Red Rock, but red
spruce (Pt-cea z,ubens Sarg.) is doing very poorly. Serbian spruce (Pt)eea
omoriea) is a far-removed exotic that seems to be doing well at Red Rock.

RNFERNNCES
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SI.,IVIVIARY OF TREE-IMPROVEMENT PROGMM OF REFORESTATION

DIVISION, BRITISH COLLMBIA FOREST SERVICE, I972.R

M. Meagher

Re f oz,e stat ion Diu is ion
Brttt,sh Colusnbia Forest Senuiee

Duncan, Bnitish Columbia

The Reforestation Division of the British Columbia Forest Service
is responsible for providing all planting stock for reforestation in the
province. At present, its activities in tree improvement are lirnited to
establishing and maintaining seed orchards. Greatest emphasis to date has
been put on coastal Douglas-fir, for which three orchards, totalling 36
acres, are established. A1l but 10 acres of these orchards are seedling
plantations because of the widespread breakdovrn of grafted Douglas-fir.
An additional 25-acre seedling orchard will be established in I974.

During L972, stands in the Coast-Interior transition zone I^rere
examined for Douglas-fir of superior size, form and cone production growing
at elevations between 2r500 and 41000 feet. Scion material was collected
from 88 trees and grafted in L973. A rooting trial with some of the same
material is established at the Pacific Forest Research Station in Victoria.
The clonal material will be utilized to develop improved breeds for second-
phase seed orchards.

Plans are being made to establish seed orchards for Interior species.
Lodgepole pine and "Interior" spruce orchards will be located in 1973 for
planting in L974.

A general review of seed sources and predicted requirements was
undertaken in 1972. Recommendations to increase the effort to obtain improv-
ed seed via seed orchards and breeding are under review.

Seed orchards are supervised by foresters hired during the year,
one on the Coast (Duncan) and one in the Interior (Prince George).
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BREEDIT\G PSELIDOTSUGA IN COASTAL BRITISH COLUItsIA

A.L. Orr-Ewing

Reseaz,eh Diuision
Bz.iti.sh Columbi,a Foz,e st Se va ice

Vtetori.a, British Columbt a

INTMSPECIFIC CROSSES WITH DOUGLAS_FIR

The results of both the nursery and the early field measurements
for the crosses made from 1966 to L969 arrd of the measurenents made in the
nursery for the 1971 crosses have been recently published (Orr-Ewing et al.
L972) and so need no detailed reiteration. In summary, there seems to be
no incompatability to prevent the making of successful crosses between trees
separated by many thousands of rniles and growing in completely different
environments. Viable seed was always obtained, germination was excellent,
and no abnormal seedlings were produced. Twenty-eight test sites covering
a wide range of elevation, site and climate have been established on
Vancouver Is1and and the Lower Mainland with the crosses made from 1966 to
f968. At this early stage of the program, the most promi-si-ng crosses have
been made between maternal and paternal parents from coastal British Columbia
and coastal Washington and Oregon respectively. In spite of genotype-
environment interactj-on on the test sites, some of the best crosses show
much adaptability to widely different conditions. Height measurements are
being made at 3-year intervals on all the test sites, and the first diameter
measurements are made in the sixth year from planting.

INBREEDING STUDIES I^IITH DOUGLAS-FIR

In summary, 23 inbred lines are now established at Lake Cowichan,
and 2l trees from five of these lines have been selfed to the 52 generation.
Several of the 52 inbreds are already producing male and female strobili,
and in 1971 one was successfully selfed to the 33 generation. The seedlings
are healthy and were transplanted in L973. Efforts are being made to produce
more inbred lines with particular emphasis on all the trees used in the
intraspecific crossing program. This object-i-ve is limited by the sporadic
production of both male and female strobili at Lake Cowichan, but some
self ings r^7ere possible in L973.

REFERENCE

Orr-Ewi-ng, A.L., A.R. Fraser, and I. Karlsson. 1972. Interracial crosses
with Douglas-fir, earLy field results. B.C. For. Serv. Res. Note. 55.
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TREE IMPROVEMENT AT THE
PACIFIC FOREST RESEARCH CENTRE

R.F. Piesch

Canadian Forestz,tl Seru ice
Paci,fic Forest Reseay,ch Centre

Vietonia, BrLt i.sh Colurnbia

I,'TESTERN HEMLOCK TREE ]MPROVEMENT

Previous reports to the Committee (L970, I97I) have dealt, i-n detail,
with the objectives, approaches and initial progress of this study. Early
emphasis is being directed toward the testing, over a range of environments,
of selected hemlock populations from coastal British Columbia. The perfor-
nrance of half-sib families is being studied concurrently, as are the propaga-
tion and subsequent use of rooted cuttings derived from the seed trees used
in these studies.

The mai-n outplanting was undertaken in the spring of 1971, when
more than 100 acres of test plantations were established. Field survival
was subsequently assessed after 1 year. On the more northerly sites of
Vancouver Island, survival rates were high, averaging 75 to 807., some
indj-vidual plots exceeding 902. These sites generally had a good fireweed
cover. The more southerly sites, especially those that were recently slash-
burned and consequently lacked adequate fireweed cover, had much poorer
survival, averaging 45 to 507". Containerized stock was used on all sites;
in fact, had "plng" seedlings not been used, survival would probably have been
much poorer.

In the spring of I972, approximately L,200 3-year-o1d rooted cut-
tings were outplanted in the field. The planting was designed to serve as
both a clone bank and a clonal test. Survival during the subsequent summer
was good, although lirnited irrigatj-on was required. In L973, a number of
ramets representing several clones produced seed cones, and a few produced
pollen cones. It has been reported (Piesch 1972) that even l-year-old rooted
cuttings of western hemlock are capable of cone production and of yielding
viable seeds. To ,further develop control-pollination techniques and obtain
full-sib progenies for subsequent genetic variation and heritability determi-
nations, a crossing program !r'as undertaken with the 1973 cone crop produced
by the cuttings. A partial diallel mating design was used, includi.ng seven
selfs of the 39 total crosses made.

Seed was collected from two additional populations in 1972: 1) a
high elevation source (3,000 ft) on the British Columbia mainland near
Missj-on City and 2) a Queen Charlotte Islands source. This seed has been
stored pending additional collections to be made from other populations this
year.
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A comprehensive report has been drafted covering the establishment
phase of the entire western hernlock tree-inprovement program.

CERTIFICATION OF FOREST REPRODUCTIVE },IATERIAL
IN BRITISH COLUMBIA UNDER THE O.E.C.D. SCHEME

In 1970, the Government of Canada nominated the Canadian Forestry
Service as the Designated Authority to implement the O.E.C.D. (Organization
for Economic Cooperation and Development) scheme for the control of forest
reproduct.ive material moving in international trade. The C.F.S. delegated
responsibility for the operation in respect of seed collected in British
Columbia to the Director, Pacific Forest Research Centre.

In line with O.E.C.D. regulations, a scheme providing for the
certification of origin of forest tree seed from British Columbia was develop-
ed and implemented in 1-970. In 1971, loca1 rules for operation of the
scheme were revised Lo improve control of collecti-on operations (Piesch and
Phelps 1971).

Of the several categories of forest reproductive material recognized
and distinguished under the O.E.C.D. scheme, only the "source-identified"
category is currently eertified in Canada. The source must be related to
Forest Region and Section as defined by Rowe (1959) and be defined within
specified lirnits of latitude, longitude and elevation. Collections must be
made under the direct supervision of a representative of the seed-exporting
company. To ensure that seeds are collected, processed and distributed in
compliance with the rules that apply, the Canadian Forestry Service, through
contractual arrangements, undertakes inspections and audits of collection
and processing operations.

Since implementation of the scheme, certificates of provenance have
been issued for more than 100 seedlots covering a number of British Columbia
conifers. The estimated value in the overseas market of the seed certified
ro dare is $400,000 to $500,000.

In response to demands for seed from areas of Canada other than
Britj-sh Columbia, operation of the scheme in Canada has been made more
national in scope than regional. It has recently been extended to include
seed collected in Alberta, the Yukon and Northwest Territories. Rules
providing for operation of the scheme on a national basis were prepared
for publication.
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C.T.I.A. - N.E.F.T.I,C. FIE[-D TRIPS

Visit to J.D. Irving Ltd., Reforestation Area, Black Brook Depot
20 niles northeast of St. Leonard, N.B.

On the evening of August 30, 29 members of the N.E.F.T.I.C.-C.T.I.A.
group drove to St. Leonard, N.B., where they spent the night. The following
morning they drove to Black Brook, where they transferred to a bus for the
tour.

Mr. Niels Kreiberg and Mr. Pat Marseau of J.D. Irving Ltd., directed
the tour of the companyts reforestation operations. They demonstrated, by
visits to various planting areas, the evolution of the companyrs planting
program from the very smal1 scale underplanting of red spruce, through
species trials and trial-s of various methods of site preparation, to the
large-scale planting of greenhouse-produced container stock.

In L973, J.D. Irving Ltd. produeed approximately 10 million seed-
lings, most,ly black spruce and jack pine, in its nursery at Juniper' N.B.
Afunost all these seedl-ings were planted on company-owned or company-control-led
lands. Black Brook is one of the companyts major planting areas. To date
30 million seedlings have been planted at Black Brook. Very briefly' the
reforestation system nornr in use is to clear-cut and harvest all merchantable
material. The cutover is next flattened with J-arge crushers in an effort
to control vegetation and to make the planting site more accessible. The
area is then planted, mainly to black spruce, with bare-root or container-
grovrn stock. One or two years after planting, control of competing vegetation
is attained with an aerial appl-ication of herbicide. These reforestation
methods have resulted in large acreages of very successful plantation -
unique in the northeast.

Visit to Acadia Forest Experiment Station

Canadian Forestry Service staff l-ed a tour of the tree-breeding
resear.ch facilities, the nursery and some field plantings at the Acadia
Forest Experiment Station on the afternoon of August 30. S.A.M. Manley
described part of his work on the genecology of red and black spruce.
Il.G. MacGillivray. discussed the nursery aspects of a range-wide provenance
trial of black spruce and D.P. Fowler led the group through the research
facilities. The group then visited a number of trials of native and exotic
species ending in a very promising trial of Japanese larch. The prospects
of larch as a reforestation species in the northeast were discussed.

The hospirality of J.D. Irving Ltd. and the Maritime Forest Research
Centre, Canadian Forestry Service, in organizing these trips and providing
excellent lunches was greatly appreciated by all the participants. Special
thanks is extended to Niels Kreiburg and Pat Marseau of J.D. Irving Ltd.
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NUTRIENT CONTENT OF AUSTRIAN PINE AS AFFECTED

BY SOURCE AND LOCATION

Franklin C. Cech,I David H. I'Ieingartner,2 and John P. C"pp3

The use of fly ash as a strip-mine soil amendment has been tested
by the U.S. Bureau of Mines at several locations in West Virginia. Applica-
tion of 150 tons per acre of fly ash with a pH of 11.0 + raised the pH of
strip soil from 3.5 to 7.0. Soils were then fertilized with a 10-10-10
granular fertilizer at the rate of 1,000 pounds per acre and planted to
Austrian pirne (Pinus ni,gz,a). Analysis of tissue samples revealed signifi-
cant difference in nutrient absorption among sources for most elements
tested, which agrees with several previous reports. Thbre was no correla-
tion, however, between levels of nutrient in the foliage and levels of
nutrient in the soil after one growing season. New evaluations of soil and
foliage at the end of the second and third growing seasons will determine
if the correlation changes with seedling age.

IProfessor of Fo::est Genetics,
University, Morgantown, W. Va.

'Reseanch Assistant, Department

Department of Forestry, West Vinginia

of Fonestry, West Virginia Univensity,
^Morgantown, W. Va.
rChemical Research Engineen, U.S. Bureau of Mines, Mongantown, W. Va.

EFFECTS OF FERTILIZATION ON VEGETATIVE GRCI.ITH AND EARLY

FLOy{ERING AND FRUITING OF SEED ORCHARD BI.ACK CHERRY

Donald E. Dornl and L.R. Auchmoodv2

Seventeen half-sib farnilies of black cherry in a Pennsylvania seed
orchard received annual applications of nitrogen and phosphorus. Growth
response within families varied substantially after 2 years of treatment,
indicating considerable genetic variability in nutrient requirements for
maximum production. If fertilization will be a common timber management
practice in the future, attention should be given to selecting fanilies
that will respond to Ehis treatment. Fertilizatior. also promoted early
flowering in at least four families, with the first flower clusters observed
only 4 years after planting.

ITree Improvement Specialist, National- Forest Administr:ation, Region 9,
Warren, Pa.

2Research Fonesten, Northeastern Forest Experiment Station, Forest Service,
U.S. Depantrnent of Agnicultune, Warren, Pa.
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PHENOTYPIC SELECTION OF SIJGAR MAPLES FOR SUPERIOR

SAP-VOLI,FIE PRODI.JCTION

lilillian J. Gabriell

Certain tree characteristics such as stem diameter and live crohtn
ratio are correlated with high sap-volume yiel-d. However, no single charac-
ter or combination of characters explains the total observed variation in sap
production. It is our feeling that at least a portion of the unaccounted
for variation could be inherited. Sap-flow rate has been shotm to be
correlated with total sap volume, and trees with a flow rate 70 percent
greater than surrounding standards were included in the program, providing
the tree was not too dissimilar phenotypically from Lhe standards. During
the first year of this study, 21375 trees in seven states hrere tested and
55 trees were selected for the program. No attempt has been made to deter-
mi-ne patterns of variation between states or areas within states, but large
differences are present between trees in the same'sugar bush.

IReseanch Fonestero Nontheastenn Fonest Expeniment Station, Forest Senvice,
U.S. Departrnent of Agnicul-ture, Bunlington, Vt

REALIZED AhID ESTIMTED EFFICIENICY OF EARLY SELECTION IN

HYBRID POPI-AR CLOML TESTS

Ronald C. !tril-kinsonl

Selection of hybrid poplar clones for total height at 1 or 4 years
in clonal tests may result i-n negative selection differentials at 15 years.
Genetic gains in total l5-year height increased with increases in the ages
at which selections are made, but were quite variable from one plantation to
another. Broad-sense heritabilities and genetic correlations are reliabl-e
for predicting the mature response to early selection, but they are applica=
ble only to a limited range of sites and genotypes. When genetic correla-
tions between early and mature performance are low, selection intensities
utilized in an early selection. program rnay have to be reduced considerably
to preserve the best performing clones at 15 years.

lResearch Geneticist, Northeastern Forest Expeniment Station, Forest Service,
U.S. Depantment of Agriculture, Durham, N.H.
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GEOGRAPHIC VARIATION OF GROI^ITH AND WOOD PROPERTIES IN

EASTERN WHITE PINE - 1FVTNN RESULTS

Chen Hui Leel

Fifteen seedlots of eastern white pine were planted in southwestern
Lower Michigan as part of a larger study initiated by the U.S. Forest Service.
At the end of the 1971 growing season (15 years from seed) height and dian-
eters were recorded. In addition, a large size i-ncrement core was extracted
from the stem of each tree and specific gravity and tracheid length were
determined by standard techniques. Between-seedlot di-fferences in growth
rate rrere highly significant. In general, the southern Appalachian
provenances grer^r fast and were free of winter injury at this location
although some interest,ing changes have taken pl-ace since the'previous data
were recorded. The difference between the tallest and the shortest seed-
l-ots had declined from 90 to 23 percent in 10 growing seasons. There were
also significant differences among seedlots in specific gravity, but the
differences were not large and fol-l-owed no geographic pattern. The between-
seedlot differences in tracheid length were not significant, and no geograph-
ic trends were present.

lAssociate Pnofessor of Fonestry, College of Natural Resources, Univensity
of Wisconsin, Stevens Point, Wis.

VARIABILITY OF YELLO{ BIRCH

Bruce

Abstract not submitted.

THE WESTERN GREAT I.AKES REGION

Dancikl

IN

P.

lDepantment of Fonest Science, Faculty of Agniculture and Forestnyo The
University of Albenta, Edmonton, AIta.

I-ARSON,S O}'IN - A SPECTACUI.AR H\tsRID I.ARCH

David B. Cookl

A general discussion of larch hybri-dization is followed by a
description of a vigorous hybrid between .t. awopae x L. Leptolepis. The
hybrid, produced by Dr. Syrach Larsen, and known as LARSON|S OWN, was
planted at Cooxrox Forest near Albany, New York. After 20 growing seasons'
the tree is 12.2 inches in diameter and 61 feet tall and has an evenly
tapered stem and a compact crown. hrhile production of male flowers has been
consistently heavy, this tree has produced very few female flowers.

lCooxno* Forest, Albany, N.Y.
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A JACK PINE SEEDLINIG SEED ORCHARD PI.ANTATION

OF UNUSUAL DESIGN

Jerome I. Klelnl

An experimental seedling seed orchard was planted in June Lg72,
using open-pollinated families. Each of 24 blocks contai.ns one tree from
each of 220 families, divided into 1l plots of 20 trees. Initial spacing
was 2 x 2 feet, with a 4-foot space between plots. The 20 fanilies repre-
sented in each plot are from one source area. A series of selection
thinnings will reduce the 20 trees in each plot to one tree. Selection
will thus be exercised among trees having little or no coancestry but having
a conmon geographic source. Because each source area is represented in
only one plot of each block, mating will be predoninantJ-y between sources.
Seedlings were assigned to blocks according to size ranking within faroilies,
in the expectation of redueing the influence cif nursery environment varia-
tion on the selection outcome.

lReseanch Scientist, Nonthenn Forest Research Centre, Depantment of the
Environment, Edmonton, Alta.

PARENT-PROGENY CORREI-ATIOI'I OF BI.JDtsREAK IN

V.iHITE SPRUCE AT PETAWAI^IA, ONTARIO

C.W. Yeatmanl and C.S. Venkatesh2

The tirne of budbreak was recorded in five trees of white spruce
(Picea gLauca [Moench] Voss) in a 60-year-old natural stand and their half-
and full-sib progenies grown in a replicated nursery experiment. The
parental trees differed by 4 days and the seedlings by up to 13 days in
time of budbreak. The families were best differentiated in the early stages
of budbreak. Parents and progenies were highly correl-ated in time of
flushing (r2 = .91), "" r"i" "ro""-, self- ind open-poJ-linated progenies of
the same 5 trees. The potential significance of these findings in selective
genetic i-mprovement of white spruce is di-scussed.

lReseanch Scientist, Petawawa Forest Expe::iment Station, Canadian Fonestny
,Senvice, Chalk Riven, Ont.2C.t.l.R. - Col-ombo pian visiting fellow from Fonest Reseanch Institute,
Dehna Dun, fndia.
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SEEDLING SEED ORCHARDS FOR JACK PINE

Christopher l{. Yeatmanl

Jack plne provenance experiments have already demonstrated strong
clinal variation associated with climate and additional variation within
clinatic zones. The creation of seed zones is recommended to take advantage a

of the climatic variation, but better populations within regions should also
be loeated and utilized. A seedl-ing seed orchard program for jack pine is
outlined in detail. Emphasis is placed on selection intensity in the parent
stands and in the progeny test plantings.

IReseanch Scientisto Petawawa Forest Experiment Station, Canadian Forestry
Senvice, Chalk Riven, Ont.

EFFECT OF STOMGE UPON MLSA}I FIR POLLEN

VIABILITY AND SEED DEVELOtr4ENT

William J. Lowel

One problem that tree breeders have is the maintenance of adequate
pollen supplies for controlled pollination work. This prelirninary study
indicates that balsam fir pollen can be stored for at least 2 years at
relative hunidity attained with either a supersaturated salt soluti.on of
potassium acetate or sodium/iodiae at either 30oF or -6oF temperature.
Pollen viability did not affect sound seed number. There hras an indication
that po1-len viability nay have had an effect on seed weight. Pollen storage
treatments did have a significant effect upon seed germination. Seed
obtained with poJ-J-en that was stored under these conditions showed better
germi.nation than seed produced from pol-len stored at higher temperatures
and lower relative humidities.

lGnaduate Student, University of New Hampshire, Durham, N.H.

POPI-ARS CAN BE BRED TO ORDER FOR I4INI-ROTATION FIBER,

TII'tsER AND VENEER PRODI.JCTION AND

FOR AI'IENITY PI.ANTINGS

Ernst J. Schreinerl

Abetract not submitted.

lFonest Genetics Consultant, Dunham, N.H.
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