
r95A
MONTREAL
UST tTth- f gth
.-."h

,
I

AUG

i

{

|.:
.t3

I
I
I
I
I
t
t
I
I
I
I
I
I
I
t
I
I
I

:

Qurt ll v

u=.':,:i-.,.$1.flfffi

,),, ,r F; te [' oP'/

c'/.y' ?ror"c(lings {//leSi*th Auut;ng( 
or+ -I'HE

Cott \^f rT EE on Ton;siTn EEBREE D I N G
,'INt,,

a

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

'0

0

6

0

0

a

0

0

0

0

0

0

0

0

0

0

0

0
'/a?^

Ae
lql aeeecno olib$eo.a(ecc @p"rts bnd ?ape"s



1

I
I
I
I
I
I
I
I

s.e@

PRWEEDtrHGS OF 15TE SI E MEETING OF

3ffi COU}$TTEE OI{ FOSF"ST TREE BBEEDIBG

IA CAI{ADA

Hel.d at Maedonald-Co11ege, Ste. An4e de BeLl-ev-ue, Que. eon August l-7th, 18th and 19th t L958.

PABT II
FRoSFEFS REPoryTS. pryoGRAMt{E RryIEWs ASp PAPERS

PRESENTED AT THE MEETI$G

fhe Proeeed.lngs are prepared and dlstrlbuted by the

Forest Research Dlvlslon
Forestry Braaeh

Canada, Departroent of l{orthern Affalrs and l{attonaL Besourees

Part I of the Froeeedl-rgs r lnelueing MJ-nutes of the Baslness
I Meetlng and the Dtseussions if'Reports aid Paper.s, reeelved, re-
I strieted dlstrlb'utlon to Comtttee Menbers on1y.

r Part IT, ln addltLon, ls dlstrLbuteri for lnfornatton to
persons and organizatlons-outslde of Canada who are aetlvel.y en-

- gaged 1n forest tree breeding and forest tree J.mprovement.
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Forest Tree Breeding 1n Canada, August t 3958 l+-5
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3. PAPERS

Natural- Polyploidy in $lash Plne.
Frangois Mergen

Geographle Dlfferentlation tn Seed' Dormancy
ind- JuvenLle Growth Rate of Ontarlo Sugar

R, L-6

R. 7-LL

B, 13-14

B, Lr-l'l

R. L9-2O

R. 2l-22

s. ]--L'

s. L7-29

s. 31-32

MapJ-e. H. B. KrlebeL

Interspeelfle Graftlng ot 
"ft:urltftfii;, ***
J" B. Santon

The Taxonotiy of Frragl Causlng Leaf and Twlg
Bltghts of North Amerlcan Poplars'

B. W. Dance

A Tree Crown IsoLatlon Tent,
C. W. Yeatnan

The Rol-e of Rhtrbarb ln Forest Tree Breedlng.
C. Heimburger

4. sEMrI{aR; Tr}tsER_QuALrry 4sD GEI{ETrcs

The $tatus cf Work on Wood Quallty ln Southern
Forest Tree Inprovement Researeh.

K. W" Dorrnan

Investigatlons of Vartation j-n Wood Quality of
Southern Plnes and lts Genetle Signiflca!.ee.

Thomas 0, PerrY and
Wang Chi-Wu

Thoughts on Wood Densi'Ly"
I'1. J" Ilolst



Mr. A. Beclaalth.

Dr. M.G. Boyer.

I[r. A.J. CarmLehael.

Dr. t.P. Chlasson.

Dr, L, Choulnard.

Dr. W.H, Cram.

ltr. B.W. Danee.

Dr. L.F. Ebell-.

Dr. Jot. Farrar,

Mr. D. P. Folll-er,

Dr. D.A. Fraser.

Mr. C. Gagnon"

Dr. C. Helmburger.

l{r. M"J. HoLst"

*4*

lgg* o{- i+-'i,i.-Ue-g€,}bgg€--of,

Comittee on Forest Tree'Breeding
in Canada.

Ar:.gust, L958

Dept" of Land.s and Forestsr Southern Researeh
$tatlon, Map1e, 0ntario.

Dqpt. of Agr5"eulture, Forest BloLogy Dlvlslont
*i1o LavaL University, Quebeer P.Q.

Dept. of tands and Forestsr Tree Seed Planto
Angusu 0ntarlo.
St" FraireLs Xavler llnlverslty, Antlgonlsh,
Sova $cotta"

Lavai Unlversltyo Faeulty of Land Surveylng
and Forestry, Quebee C.i.ty, Quebec "

Dept. of Agrieultu.Te, Forest Nursery Statlont
Indlan Head, Saskatehen'rair.

Dept. of Agriculture, Dtvlsion of Forest
Blbloey" Southern Reieareh Station, l'lapLet
Ontari:.

Dept. of Northern Affalrs and NatlonaL
Reiourees, Forestry Braneh, c/o Forest Biol-ogy
Laborator;i, Vietoria, Britlstr Columbla"

University of Toronto, School of Forestryr
Toronto" Ontario,

Dept, of Lands and. Forests, Southern Researeh
Station, Map1e, Ontarlo.

Dept. of l{orthern Affalrs and l{atlonal
Resourees. Forestry Braneho Petawawa Forest
ExperLment Station, Chalk Rlver, Ontario.

De.pt. of Agrieulture, F'orest Blol-ogy D-tvisiont
e/a I'aval- Universityo Qaebec Cltyr Quebee.

Dept. of Lands and Forestsn Southern Researeh
Statlonu Mapleo Ontario,

Dept. of Northern Affalrs and !{ational
Resourees, Forestry Branch, Petawawa Forest
Experimeni Stationu Chalk River, Ontarlo.
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Dr. A.W.S, HtfiIter.

Dr. A.H. HutchinsotS.

Mr. H.G. I{aeGllltvraye

Dr. R.J" Moore"

Dr. A,L. 0rr E\ring,
(Chalrman)

Dr. R. PomerLeau"

ltr. W.A. Porter.

Ur. J. SaLn.

Dr. E.C. Smtth

Df . C.R. Sul-11van"

Mr. H.g,D" Swan.

Mr, C .W. Yeatman.
(Seeretary)

#tH

Dcpt" of AgrleuJ-turer HortleuLture Ofvfrforr,
0ttawa, 0ntarLo"

Ilnlversity of Brltlsh Columblar Dept. of
BloLogy and Botany, Vaneouvero B. C.

Dept. of lfiorthern Mfairs and I{atlonal
Besourees o Forestry Braneh, Fred.erlctono
Sew Brnnsurlek"

Dept" of Agrlculturer Dlvlslon sf Botarry
anC Plant Patho3-ogy, 0ttawa, 0ntario.

B" C, Forest Servtee, Researeh Divlslon,
Vi.ctorla, Britlsh Colunbla.

De.pt. of Agrleu3-ture? Forest Blology SlvlsJ-ont
e/o LavaL Bni.versltyi Quebec Cltyr P. q.

Dept. of Agrieultures Forest Blology Dlvlslont
Vi"etorla, Brltlsh CoLnmbla.

Canadlan Jnternatlonal Paper Companyo
Harrlngton Forest Farmn R. Ro No. Lt
Calumete Quebee,

Aeadia UniversLty, tilolfvlLle, Nova SeotLa.

Deptn of Agrleulturee Forest BioLogy Dlvlslono
I'orest Inseet taboratoryo SauLt Ste. Mariet
Ontarlo 

"

ftrlp and Paper Research Instltute of Canadat
Wcohlands Rbseareh Divislonu 3l+2O Un5.versity
Streetu HontreaT 2e Quebec,

Dept n .rf $orthern Affairs and litrational
Resoureesu Forestry Braneho Petawawa Forest
Experiment Stationu Chal.k Riveru Ontarlo.
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A. J. Carroichael
Ontario Tree Seed. Pl-ant, Angus

r Gelssc-l

A change in the program for seed. prod.uction has
resuLted. in the fuII time employnent of A" J. Carmichael and
G. B. j:rlithers on a Seed. ?roiluction and Ii:rprovenent lroject'.
Thls i:ro ject v,rill- be coneerned. viith the verif ication of the
seed zone system in use in Ontario and vrith the d.evelogr.ment
of i-mproved. seedt col-lection nethod.s, to inclr"ide the thlnning
of eelected natiiral stand.s and the establ-isfunent of seed
orchardS. The work vsill- be designed not as a research ilroject
but as a produetton tr-nit tc inlrrove the quallty and <1tr-antity
of seed avaiLable, This v'rill be done by ad.o,oting the
practices and principles rnade available by researeh orga::izationg.
Ileadquarters for tlris worF, will rernain for the present at,
Angus, Ontario.

II PrgIgpg4S_e_T-eSlS

Routine nainteriance and refil-1 ;:lantlng vnas carried
out for existing test plantings. iio grov'rth ::ieasurelrents l//ere
made of test treeg.

Red. pine ancl white s"oruce provenance test,s l.,vere

establlshed fcr the Dominion Foreet Service in three locatlcns.
In each case the lved.ge.,nethod. of hanil planting in furrows was
useil aniL trees \^/ere placed. at a s;racing of 4t x 4t.

III Seed. Orchard.s and Seed. Production Areas

A. @sgel
An analysis has been rnade of the sj ze, nur:ber and

genera.l locatlon of seed orchard.s and seed. production areas
required fcr each species in each seed zcne f;r an arrnual
,orod.uction of 100,000,000 trees. This hris been used to d.evelop
a work prograo co-ordinating th.e efforts cf i'ive nurseries
in the .oroductj-on of graf ted seed orchard rnaterial-s.

The .cre jority of the worlc vril-l be ccnct rned with the
northern irart of the.rrovince where the en;rhasis lvill- be on
spru-ce and red. pine. The l-959 seed orchard graf ting prografir
will include e500 vrhite spruce, 2000 blacl; si)rlr.ce, 4000 red
pine and 2000 white pine.
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Red P14e Seed lrodugli04 _AJge :_J,944_!fgc_!

The test area of red, pine at Lynn Tract, Sirncoe
County (tf yr. ag,e, 12t x lE' spacing), has been re-exalnined.
for flov,rer lJroductlon. A detailed description of the 15 sltes
sel-ected was given in the August L957 report to the comnritt'ee.

There were no 2 year ol-d. ccnes .oresent 1n 1958, but
a s$al1 crop of l year cld. ccnes was found." This crc;l 1s
described in Table 1.

A corrrparison of the 1957 and 19bB cone countE,
indicates that a few trees had a higher 1:roduction in both
years. These trees .Dossibly differ genetically in their
flovrering pattern. They are f ci.:.'id in general cn those slteS
vrhere the red. pine have good. grcnrrth rather than on thcse sites
su,olrcrtiflg slower grcnring trees, The counts viould indicate
thart several cone croils must be examined before individual
tree d-ifferetrces becanre definlte.

The great variation in ccllc prcduetion betvreen
ind.ivicluLa1 trees cn the safle site vuould ind.lcate that t'here
are great d.ifferences in the inherent caloacity cf the trees
to prodt,ce cones, or that some treeg are et their lorr'r ebb in
the cycle cf ccne prcciucticn whil-e cthers are at their lea-;,
cr that the sltes as seiected. are nct unif crrn. l/hen i"urther
counts arc available, these factors might be resclved. lntll
then nc attemilt v,ritl be rrrade tc increase f lcnver prcd.uiction
by .means cf fert,il-lzer treatrnents.

lroliar analSrg'is teets vrere carried ctit fcr three
trees in gite -.a', a de 

'tressed 
f l-at r,vith gooc. gro,uth (Ta,bte 2)

semples were tallen in Se:teinber 1-957 frcm each whcrl- on the
treeS, air-dried. and ana.lysed fer nltrogen, -rhcsphcrcus alid
pctasslum, by Donald Inspection Ltd., Torc:rto. .rlctting cf
these valu.es singly aud in ratio d.id not sho^'r ar correlation
niith the productlon of 2 yeat cl-d cones.

Grafts of trecs !-2 and F9 were rnade oi:..i v/ilL be
cbeerved. to determlne whether Variations in ccne prcd.uction
are genctypic. llhen teets in the irid.ucticn cf br,id-s in needle
fascicles have been completed for red pine, plants r.night be
reared. and used cn various sites, tc uxl-1l&in fu-rther the
variaticn in eone prcd-ucti cn between these trees. This is
of interest Since the twc trees have a sirnil-ar phe notyire.
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Lynn Tract - l-958

- Trees I - 16, Slte A - 0Average

I\ C TOTAL1,'iFt$ A B c D i
Sit e

II
tt

a

1?
1

45
3I

q

95

I
I
I

1128112
25112013
319 1_53',1 1
440299282
5E]238120
637s42709
7'dIZ4801
819L781
TotET--

166 97 165 76 39

67
25

7

Ig
a

0

14300
6l.4 l0

342100
6404
0920

105 5 l-0 0
4082',c
040r

0000l]L
0501e7

3302.0168
?,80462I4
06?,0159

r31800?eL
00110186
1060L43

19? 206 205 49 25 8 7 5 29 25 7 I:b69

I oou;'.,
l-2.I ?0.6 9,5 4.8 24.6 25.7 25.6 6.L 3.1- l-.0 9.6 -,t.7 3.L :B-11t:1-

1,3 i
rii ,a

14 I
113 3

TotaL

7

I4
37

6

l-4

24

0
U

6
n
5

37

6
B
U
q.

l_5
56
12

o

35
20
T7
85

158
t
0
0

0

A

2L
0
1
I
ca

15
L?

6
b5

0

0
t0

:-

b

2t5
15
13

B
0

6
I

B
,A

6
ta

IF

816-{
r70?
0l30

e0250
001

l_0 0 'c

0540
000

-J7LI17
111095
00090'j 2"4 0 256
7 O E0 260
7 0 29 i542

"5 
11 0 r19

1120104

r 7I IO5
I Attg'g.g 

rz.g

296 53 50

'47 .O 6.6 Z.',l

83 111 26L

10.5 L3.8 32.7

55 59 49 71 55 b5 50 I:JBT

6.8 ',| .3 6.L 8,8 4.5 6.8 6.? l??,.8

I Granil total
26',1 Z 00

Avg.

I J4.8 rz.5

t
I
I
I

46L r29 69

38.8 8.0 4,5

280 3L7 46',1 104 84 5l l46 64 B0 b7 2',t52

1?.b l-9.8 29.I 6.5 5.8 -,i.b 9.1 4.0 5"0 5.5 IIZ.O
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TabLe II

Lofia r. alia l[si s__lg r_I_: P. K. for ReQ_Plne !ge_ee_ !lE_An4_l'!,
Jixnn 'lJesr

liihorl
\In *

ldo. 2 Yr. Ccnes r, - rf
Lr . /J

Oven Dry lift.
1) c''
- 

.,/J

Oven Dry trVt.

--4v w/.
t\ ) lJ

Oven Dry $lt.I
FZ r'. 9 F2 ii9 F2 F9 F2, F9

t

2

2
0
0
U

0
n

I
I
I
I
I
I
I
t
I
I
I
I
I

0
I
I

4
5
o
?
B
9

t_0

1;
3L
43
27
15
]

U

2

1.6? 1,67
l_.56 r.67
l_. 59 1. 55
1.6? L.?Z
l-.78 1.62
!.45 L"67
1.55 r.67
1.50 l- .40
L.55 I.5I
l_.40 r "67

o. ie
0.16
0. l_5
0"15
0 .1_5
0.15
0.J4
0.16
0. 14
0. 15

0.17
0.14
0. L5
0.16
0.15
0. l_5
0. l_6
0. l_5
0. l-4
0 .1_4

0"6a 0.62o.4z 0.56
0.48 A .12
0.59 0.'J'l
o .44 0 .46
0 " 50 0.5L
0.37 0.68
0 . LB 0.41
0.40 0.41
o"5z o.3l

Tcta] 151 I

The current seascnsi growth at the tcp rf the tree ie
d.eslgne.ted as vrhorl 0.

IV sc q !gb__-P_j-eg-__Qbr_tg tnes=k-s -U-ge!

It is comraon practice to ;rrrro€ the brancheg cf
Scoteh Pine t,o devel-o:o a denser and better f crmed tree. Slnce
the scurces of Scotch pine planted, in test .:rfantatrcns differ
in the nuraber cf l-atere.l- buils surrcuridin6 the terninal bud.,
1t was necessary to deternrine vrhat number cf bucts v,ioul-d. be
producecl in the needle fascieles after itn.ning. Trees vrhieh
hait gcod fcrnr, were ,:runecl in each seed. sot.,rce in test plant-
ations near Ottar^ra atrd Saul-t Ste. ilarie" The average number
of bud.s is given fcr the three trees pnrned 1n each seed.
source. (table 5)
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r*& s
i ;uln! eg_ 9!_ I.C t_e ggl_ FSSS _ pl Ternrinal

- scotc[ -!-hs-o!-,Jine
before ald after if uBlsg

t Seecl Source
Iturnber of Lateral-

0ttawa :rlantation
Before Pruning .fr.fter .'runing

Buds on Terrninal $hoot
Sault Ste"L[arle .]iantation

Before Fruning After :'runing

I
I
I
I
t
I
I
t
I
I
I
I
I
I
I

Franc e-Ilaut e
Loire

-Auvergne
-Cevennestilest Europe

Lower Austria
Lower Austria
tllest Bal-tic
East Bal-tlc
SwecLen
Finland
S. Finl-and
Ad irondac.cs

7.0

8,2
8.1
a1va+

7.1
8.0
B.l
8.0
7.2
5.2
6.0
8.2

34,O

52.2
zv. 'l

24.2
29.1
24.2
42. O

26.O
24.3
l_8 .0
20.2
?5 .2

5.1

4.0
6,2
6.2
4"5
5,L
f, l
J'I

6.2
6.1
6.L
ry, 'l

6.1

l_7.6

15.0
e 0.6
22.6
22.6
2E"O
24.o
l-6. 0
15 .6
9.6

Ll .5
L9 .0

A further examination of these trees titil-l be
necessary to determlne the nurober of shoots ',t"hich have
developed from the available buds. liorthern sources produced.
1n getreral nlnute buiis, whereas Sor-ithern soLrrces produced. very
large bud.s.

V. Shoct iioth Test

A cornparison of i)inus nigra cebennensis from Cevennes,
France, and red pine froro Douglas, ontario is being nrad.e on
two areas, to d.etermine any d.if ference iii the attaer ot luropean
Fine $hoot l,loth (Rhyacionla buoliana) on these species.
?revious measL,"reroents have indicated that Pinus nigra cebennetrsis
is not attac.;ed ae frequently as red. ,..ine and- that attaclced.
trees tend to develop a single sterirmed. form lrore frequently
than red pine.

Specifien trees have been trans,:lanted. by the irorest
Biology Division cf the Departn,ent of Agricul-ture, to their
f iel-d station at Xl-mira, CntarJ-o, for d.etail-ed exainination to
d.etermine if any physieal factors of tree grourth inhiblt the
development of shoot moth Larvae.

An attack of irorrneg annosug on both stlecies in the
Iiite Reglon 6 plantatlon at i,ansfieLd. rn:.;. disru,rt the test.
If not, further grovrth neasuirements will be fiade.

$no',v depth rJ.easureffents v/ere rae.de a.t ;bnsfield. during
the winter of 1958 to determine whether pocice*.s of heavj.er
infestations were due to silow protection. This Crata has to
be exanined as yet.
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A-6

-Qul-trglgg

l,Ir. H' J. Jeckal-e js of the Division of Research,
Ontaric Departreent cf Lands & I',,'rests wil-l- be cxtencling-his
earlier studies cn rrcting leaf bundle cuttlngs to ,leveIop a
neans fcr the prlductirn cf irlauts by this tteth':'cl.

In order tr- deflne the ecrrect tine lf ,:runing
required tc ind.uce buds in rteedle fascicles, a test wai,
establisheci. in vrhich vlhite j.)ine, red pine anci jcctch pine
Were prunecl at n.;nthIy interval-S ccrarnenCing on l,farch I'i and
at weekly intervals ccinnenci-ng cn june f6r and. extending tc
JuIy 2l-, Trees cf ap,orl;xir:rately 3 ft. and 2O ft'. heights
have been used fcr each species. One-third. otr the past
gssgcn$ grovrrbh was renlrved. up t'.' June 9, after luhich cne-
thircl rf the current geasc,ns Srcwth haS been rejillrv€d. The
terninal, first and seccitd vuhorls have been pIU.IIetL:n 5 ft.
trees and the first, seccnd and thlrd wircrle cn ?.0 ft. treeS.



I'
i

I
I

I
I
t
I

I
I
I
I
I
I
T

T

t
I
I

B-1

195? nEPoRT oN BREEqING .Al'lD I\URFERI 4ESEA4C,H

W. H. Crarn Forest NurserY Station,
Indian Headr Sask,

Introduction: -

Improved facilities for breeding and nursery research were provided

by the new headerhouse, and

E@.-
an adjoining greenhouse in L957-58'

clirnatic condltions were favorable f,or field breeding and nursery

operation s in 1957. The frost-free period was l2O days from April 26 to

August 25, w.11|h only 9.8 inches of precipitation. An early and dry sprlng

permS.tted field operations to start on May 2, when Bussian poplar began to

bloom.Dryweather,whichwasidealforfieldoperationspresistedtothe

end of JuIy. August was a relatively wet month with 3'3 inches of rain' The

months of May and July were exceptionally warm as indicated by average tneat

daily temperatur e of 55.O and ?O.O'F, respectively' A dry open falL was ex-

perienced from September untiL snowfall on November 25'

Caragana BreedinA:-

rnformation on the inheritance of two characters of geregg4g alEgrescens

was derived from the progenles of three conpatibility determinations' Data for an

ralbinor character were obtained in 1954 frorn the greenhouse germination of the

1g53 inbred thl and hybrld tFrl seed. Data for the so-called rrpendulant'r character

were recorded in 195? frorn the 1954 plantings' Segregation data for the tuo charac-

ters in three Fl progenies are presented ln Table l' It would appear that the

ralbinotandtherpendulant|charactersarebothinheritedassimplerecessiveand

. 5.:ndependent factors. This information eonfinns the value of N-19 as a tester in

the breeding program to deterrnine the genotype of self-incompatible selecbions for

the pendulant and a-lbino characters'



t.
I B-2

Table 1. Segregation for Albino and Pendulant Characters in
F1 Progenies of Caragana arborescens

Progeny
91 d

Segregation for albirro
green Yellow ratio Genotlpe

of I Parent

AA
AA
AA

N19 x N19
A-L x N19
V15 x NI9

(uo)
77
88

13r

(uo)
L7
0
o

3zr
88:O

131:0

z._ao

Seereeation f or Pegdirlant
iipright Pendulant

I
I
I
I
I
I
I
I
I
I
I
I
l,

Nf9 x
A-1 x
irf6 x

N1g
Nlg
Nlg

pp
Pp
PP'

0
2I
75

14
25
n

0:14
O:1 Ot35

75:o

self -compatibility deterninat ions f or caragana acce s sion naterj'a'l wes

initiated in I95?' Only 9O of 'the vigorous selectj'ons uere sexually matr:re'

These selections were found in four'accessions, which were field planted ijl 1953r

The origS;ral seed carne from Botanical Gardens in Europe and the United States'

Results of the fertility deterrninations have been tabulated in Table 2'

Table 3r -Frequency distribulion for Self-Compatibility Valuesl of 57

Vigorous-SelectionsfromForirCaraganaAccessions

t'ertilitY C rnicroPhYlla Average

50.0
L5.2
19.6
13.0
2.2

o
0
0

classes A-109 Average
i

0-20
2l-l+o
41-60
6r-80

r2r-140

2 18.2
5 h5't+
3 27.3

32
l+1
3330o0
00
00
00

6t-roo o
101-120 0

0

0
0
U

0

6
2
2
3
1

n

L2
o

1
0
0

o
0r4r-160

Fertility"-";il;-tfi 
tr ro Lt+5 0 to 5? 12 to 52 o ro 83 o to &5

: ;";- 40 3?-8 34.8 37.5 T't+

t# 9.1

N19 i" " p""duit"tr l-t ""a 
Vi6 tru upright in habit

I
I
I

"rtifitY a? f6.of triPPed flowers
ff Autogamous plant exhibits self tripping
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Self-fertility of the one accession of C. micrqphylla wa.s scnnewhat si:nilart

although grea.ter, than any of the C. arborescenq accessions. Seven selectlons

from accessions of C:.-,gI!9I9Egg!g demonstrated self-incompatibility. One

accession, D16, from Cheyenne, Wyoming, eontained five of the seven lnconrpatible

plants. We hope to incorporate genetic diversity and inereased vi-gor into the

caragana breed.ing progran, with these self-incompatibJe selections.

Maple & -:!sh $eed l{a'!gCi&Y

Seed was harvested from four trees of Green Ash and of Boxelder Mapl-e at

three tri-weekly j.ntervals in Lg56, It was dried in the greenhouse for one week,

then stored r:nder room and cellar conditions until sown outdoors October 16.

Moisture Content of the seed was deterrained at time of harrrest and at tine of

so.,nring 195? germination records and results are surnmarized in Tab1es 4 and 5.

Tab1e 4, Moistrrre Content in L956 and Germination Capacity Ln Ig57 of Green Ash Seed

Date of

harvest

Moisture content of seedl

--

at w,en sown
harve'si ."-ililGo*

Seedbed eermi-nation?

cellar

Aug. 22
Sept "12Oct. 3

(%)

5]-.5
48'8tt
a2"ffi

Ll+,'7
LJ nt&
10"3-)P*

(/;*'" TIET- -_T 0.1')t 5.O*
!2,2 13.0

L5.5

6.6
6.7
6,9 12.1

1 juloisture content as % of wet weight after 24
seed sown for 5

for other dates

hours of l00oC;
rens of I00 seed;
it 5%, and L74 levels.

e Gerrnination in 7.957 as % of
tf, te*, Significanbly less than

Table 5. Moisture Conten+. tn L956 and Germj,nation Capacity :n L957 of Mapl-e Seed

Moisture content of

-

seedl Seedbed gerninationo
at when sor.rn

Date of

ha::vest

Aug, 22
Sept.12
Octo 3

67,2
57,r"e
10'&x-t

cellar

28,8trx
/+.1

I'P.5

30.2xlt
38.8
40.0

harvest cellar room

T6.4 6.7
I5.?r+ 7.N+
9.3-W ?,$'t+t

e Gerrnination in L957 as % of seed sown for I rePs of
than for other dates aL 5fit

of 100cC;
l0O seed;
and 1S levels.

Moisture content as % of wet weiglrt after 24 hours

tt, #r Significantly less
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From these tables it is evident that neither Ash nor maple seed should be

harvested in Augustr &nd that storage conditions from harvest to sowing had

litt1e influence on viability of fresh seed.

Ash seed, which was prematurely harvested in August, demonstrated

over 5M moisture content and 1lttle viabili-ty' Seed, as harvested in September

and Qctober, exhibited a high degree of dorrnancy' Apparently some pre-sowing

seed treatnent is required to ensure adequate germination of ash seed especially

if it must be sown in a drY fall.

viability of Maple seed increased from 30 lo N78, when allowed to

on the tree from August to September. I'Iaple seed would also appear t'o

special treatment to increase germination especially if sown in a dry faIL'

Cut

I
t
I
I
t
I
I

mature

require

I
t
I
I
I

Tnvestigations on the winter storage of dormant poplar cuttings was

initiated'in]-g56toovercomeaseriousnurseryproblem'Cuttingswerecollected

onoctober 22fromstooling beds of three clones, cut into 10 inch lengthst

segregated into diameter si-ze classeg and tied into brindles of 25' Five pre-

storage treatments were applied by dipping the bundles into solutions of fungicides'

The five treatments involved captan, Tersan, check (water), semesan and ocyquinorene

sulphate. The cuttings were stored on october 25 under five dj-fferent conditions

(as listed in Table 5). On May 72 L957t the cuttings were removed from storage and

planied in the field to evaruate the results, The design invorved three replieations

of five treatments and five storageo with 25 cuttings per prot' Records for field

stand'werecompiledonSeptember25withtheresults}istedinTable6.
Average stands for the five fungicidal treatments as }isted above were:

t+Zr 36, 361 35 and,3O/,t respectively. The Captan treatment (f5O grarrc per gallon)

was evidentl-y beneficial to rooting of poplar cuttingsi It significantly increased

the stand of one clone and appeared !o increase that of another' Toxicity of the

o:ryquinolene treatment ( 2! grams per gallon) caused a significant decrease in the

stand of two clones.



Table 5. Stand for Poplar Cuttings

B-5
of Three Clones After Five Storagesr

Storases
Place Medir-un Temp.*

Cl-ones Means for
Storage

Cellar Sand
Cellar PolY
Cellar PoIY
CeILar Sand
Outdoors SoiI

4loF
410F
3l'F
310F

n

9,9
2j.5
l+0.?

52;5
89.6i'

16.0
Il*rv
3r.6
42,8
68,4*

L3.6
9.1

29,r
25,9
69.6*

L3.2
15.5
33.7
40,4
75.9*

I
l
I
I
I
I
I
t
I
I
t
t
I

l+3.2 3l+. 29,5
Means for clones

I
I
I
I
t

.8 t lIoF and 4l'2 t ?"F

Outdoor or rheeljng-inr storage pr'oved vastly superior to any of the four

t;pes of indoor sLorage as evident, from the stands for cuttings li'sted ln Tables 6'

Regretably, temperatures of the cellar storages varied greatly (3f'8 t 116F and 4l'2

t ?.F), d.ue to absence of insuration and temperature contror facirities, Nevertheless,

it woutd, appear that indoor storage of poplar cuttj:rgs at low temperafures of approx-

irnately 31oF is superior to storage at higher temperatures'

stand of poplar cuttings was improved when moist sand was placed with the

cuttings being stored in polyethylene bags for the following pathogenicity study'

This treatment increased the sland from 38 to 7fi62 when the cuttings were stored at

3IoF. and from S Lo 53{, when stored at 41nF'

Studiestodetermlnethepathogenicityofisolatesfromdiseasedcuttings

were initiaied' in 1956 in cooperaiion wiih Dr' O' Vaartaja of the Forest Biology

Divi-sion.Cuttingsoftruopoplarcloneswerecollectedsizedandtiedinbundles

of 2J tn r956as for the storage study. These bundres of cuttings were inoculated

bydippingthebasa}andupperendsinsuspensionsoftheiso}ates.Sixteeniso].ates
were supplled by Dr. Vaartaja, for thj-s study. Each inoculum was applied to four

bundles of cuttings, which were then sealed in polyethylene bags with sterlle and

moist sand. The packages were covered with moist sand and stored in the cellar
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at 31 t lloF and 4I + ?oF for the wlnter. In the spring of 1957, the cuttings were

I planted to evaluate pathogenicity of the isolates in terrns of the rooting capacity

I or field stand of the cuttings so inoculated'

I only one of the 16 isolates proved highry pathogenic to poplar cutti:rgs'

I 
This was a Pl!biun-E-pp:-, isolate (#ZOf1), which had been obtalned fron diseased

willow cuttings. Cuttings of only one elone, 4h-52, proved susceptible to this

I isolate when the cutti'gs were stored. at 41 t ?oF temperature.

tP@:-
Research Papers:-

t l' cram' krl'rilirk"l3?fTeil;:?l: "l+,lry-ir?rl' |H?:"'u*
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REPORT T0 COililliiITTEE ON FIRIST TREE BREEDING

July, 1958

B. iir'. Dance
Division of Forest Biolog;r

Canada Department of Agriculture

General

The Laboratory of Forest Patftologr, Canad.a Department of Agriculture,
fitaple, is participating in a joint programme with the Division of Researchr

ontario Department of Lands and Forests for the purpose of evolvlng disease-
resistant hybrid poplars. rn this prograrnme, the trriter has been assigned.

responsibility for assessing the degree of susceptibility of hybrids, both
presently available and to be developed, to t]re fungal flora of populus in
Ontario.

fhis project entitled "Pathological considerations in the Development of
Hybrid Poplarrf (lto. Spg jO.O6) was reviewed in the spring of l95g by senior
officers of the Di.vision of Forest Biology and the Division of Research. As

a result of the revieir, the responsibilities rrere re-dcfined. This revision
beeane feasible vuhen it I'ras concluded that, of all hybrid poplars evolved to
date, PgluLug al-ba L.x r,trandidqntata ll4ichx. has tire most significant eeonomic

potentialities. The assessment nas made despite knowledge that this h_ybrid

is seriously and even fatally affected by a Leaf and twig blight which has been

deseribed (lr2). Justification for the concluslon was founded in observations
of apparent high resistance to tlre disease by a few elones.
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In view of the potentialities of P. aLba x srandidentata it was decided

that the nain immediate investigative effort should be placed on the biolory
of the pathogen responsible for the leaf and trvig blight condition.

Judged to warrant next priority in attenti.on, was finaL resofution of
bhe biologr of Fusicladium tremul-ae Frark - a prevalent, destruetive, long-
misunderstood and hitherto misidentified pathogen of aspen. Specifically,
it was intended to relate F. tremulae to an asconrycete, believed to be its
ascigerous stage. This aseoinycete, icentified as venturia tremulae Aderh.,

has only rarely been observed in Ontario. It seerned like]y that attainment

of this goal would yield a fairly eomplete understanding of the taxonomy of
that group of fungi-, including Pollaccia elegans Serv., that cause leaf and

twig blight of poplar in Canada.

In addition to the foregoing lines of investigatlon, it was felt that
a watch shoul-d be maintained for evidence of other pathogenic activity on

hybrid poplar. It was concluded that the responsibilities of tire Forest

Patholory Laboratory in this project should be delimited as follows:
(1) Studies on the piology of currently and potentially important

pathogens of hybrid poplars" At the present time cfose attentionrvill be paid to pathogens that appear significaut in the develop-
ment of !. +lba x grandidenlata. The pathogen to receive fore-
most attention will be Gloeosporium sp. Of lesser interest are
Qvtosporq sFF. Hvpoxtrlon pruinatum (ttlotzsch) cooke, Dothichizapopulea Sacc. and Briard and Melampsora sp.

(2) The conduction of periodic surveys and assessmenLs of disease
problenrs in test plantings esta-blished by the Tree Breeding Sectionof the Division of Research.

(3) The provisj-on of i<ientiflcations and advice in respect to diseasematenials subrnitted by Dr. Heimburger, of the Division of Researeh,
from breeding stock, test garden stock, and other related sources.

fn the report to the Committee on Forest Tree Breeding subnitted in 1957,

the investigations underway on popfar diseases were outlined. Some phases of
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- these investig:ations have terminatcd; others are continuing or are being
I

I 
repeated. However, initiation of nev,r investigatj-ons -,vill be governed by the

established order of priority indicated above.

I Developments since the Last report appearec are sunnarized in tire fo1low-

I ing review. In general, these developments consist of an extension of know-
r ledge relating to the biology and taxononry of fungal pathogens of poplar.
-t

t Blighted lcaves and twigs of p. alba x grandidgntata vrere collected at
r Chalk River, in September LJJI, and set outdoors in a lattiee box in the
r vicinity of the parental trees. Thuy rrere re-collected in late lliay L95g.

I 
Examination of leaf tissue ir-t that tirne revealed the presence of an ascomyeete.

Perlthecia of this fungus were prevalenf in all leaves and yiere observed to

I eontaln maiure-appearing asci and ascospores. The fungus lvas identified as

r PlagigstomP popul-i Cash and l".aierman from ttre recently-published. description (2)
r of that species on Pcpl:Ius tremuloides i,liehx. x Erandidentata lr,lichx. This

t 
collection fron Ontario probably constitutes the first recorct of g. potculi on

P. alba x grandidentata
I

I Ascospore discharge onto synthetic media and onto leaves rvas secureri

r but only occasj-onalry and lvith d.ifficulty. rn no instance did the discharged
Ir spores gerrni_nale. In thls respect, ascospores of p. populi are like conidia
I of the Gloeosporj-un sp. v,,hich is suspected. of being its inperfect srage.I

Unfil the factors that inhibit, or control spore germination in these

I stages have been ascertai-nect, it seems improbabre thar arry progress can be

r made in determining the biologies of these organisms. iidditional inpeding
t factors, in this regard, are the srna.Il sizc and colourl-ess charaeter of the
I

I

I

I
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spores of both stages.

Other Ascomycetes on P" al-ba x grandidentata.

In addition to P. populi two, as yet unidenfified, ascorgrcetes were

deteeted on overwintered leaves of P. alba x grandidentata. One deve'tops

on the upper surface of leaves; the other on the lolver surfaee.

These fungi seem likely to be saprophytic since they '6'="" collected

from non-blighted. as vuell as from blightcd leavcs. Both v;€re obi&ined in

pure culiure by the usual method of shooting ascosilores onio the surface of

synthetic media.

Spores of both ascomycetes germinated readlly and pure cultures r/ere

secured. Cultures of the fungus from the upper surface of leaves produce

conldia in large number"s. 'Ihese are being usecl to inoculate leaves of P. alba

x grandidentata for the purposc of establishing th,', parasitic capabiliby of the

funzus.

9le4.qsre,rium _subse.gEi1e. EI. anC Ev.

A collection of C. subEessil-e was made on an uniclentifieC host believed.

to be P. tremulo.ides, Severe leaf spotting had occurred which was aceompanied

by heavy sporulation. Leaves of P. alba x granCidentata are being inoculated

vuittr spores of this pathogen.

Related to qscigerous stage. This prevalent leaf a.nd twig blight

pathogen of aspen has been coruiected with Velrturia tremulae Aderh. The

connection had been suspecfed but due to difficulty in finding V. trem,ulae
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I and to the reluctence of ascospores to germinate it has, until reeently, been
I

impossible to prove the connection.

I It is now evident that the former complex of fungi causing leaf and twig

r btight of poplar consists of tv,ro pathogens: V. tremulae; imperfect stage

r F. tremulac, ancl Venturia populina (Vuiff.) Fabric.; i:nperfect stage Pollaccia

I efegans Serv.
I

Sporo_Release iuigrh?nirsrn ancl Dissemination. Spore release and dissemination

I
t in F. i;remula,e was studied. Conidia wer: trapped on glass slides exposed,

daily, in a stand of aspen regeneration heavily infcsted wilh this pattiogen.

I It was found that spore release vras trigg:red by rainfall in any degree.

I At such times, up to several hund.red spores per sqriare cm. lvere deposited on
I

the horizontal glass surfaces. Pz'actically no spores vrere trapped during

I dry periods.I

- 
!.rom the patbern of distribution of spores on the slides, it was

r evident that they are disseminated by the impact of fraginenting and splatter-

I 1ng ra-indrops. In vievr of bhe high concentration of spores on Lhe Eraps
I

and frorn the observed radius of splattering (a nininun of ili-ve feet from
-
I sporulating leaves) it appears that afl leaves in a diseased area are thoroughly

I 
inoculated with conidia.

f germinalion. tests. A series of spore germination tests were conducted.

I ranging, at regular intervals, from 50o fo 8OoF. Thc resulbs obtained
I

confirrned previous findings that optiffrurn spore germination in F. tremulae
rI
f lies in the range 72o - 7/*oF. This knowledge should increase the effeetive-I

ness of future inocul-ations nrith this organj-sm.

t
-
I

I

I



I
T

I
I
I
I
I
I
I
I
I
I
I
I
I
t
I
)

^/

Inoculations

Several poplar species and varietj-es ivere inoculaterl with three patho-

gens of poplar noted for their desbrucbiveness. The inoculum enployed was

myceliunr grown on arti,ficial media. In all instances the inoculum rrvas intro-

duced between the inner bark and the cambiurn. Inoeul-ations and eontrols were

wrapped v,iith rvet cotton and tin foi1. The hosts inoculated. weres

Populus tremuloides Michx.
P. tremula L.
!. alba L. x srandidentata lvlichx.
P. maxlmowiczii lienry x berolinensis Dipp.
F. anEulata Ait. x vernirubens ?

The fungi used as inocul-um were!

livpoxvfon pruinaturn (lflotzscir) Cooke
Dothichiza populea Sacc. and Briard
Cytospora chrn-ososperma (P"rs.) Fries.

0f all these inoculations, only one yielded whab appear to be positive

results. This consisted of H. pruinatun on P. tremula. A very extensive

eanker developed at and below the site of inoculation. Tlie control callused

over completely and has remained healthy.

The negative results are attributed to resistance, 1n the host, induced

by the time of year at which the inocul-ations were made (summer) and by the

fact that all trees, wifh the exception of !. trenula, seem to be growing

vigorously.

{:_ru@t"* on P. alba x ggandidentata

During a recent visit of Dr. [1. Boyer of the Laboratory of Forest

Patttologyr Quebec, to the Laboratory of Forest Patho1ory, Chalk River, a

sponilating imperfect stage eollection of i{. pruinatum was obtained from

P. alba x e?andidentata. A large canker had formed around. a branch stub on
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I . a five ineh sLem. Should this hybrid be very susceptible to fi. pruinatun as

I well as to Plagiostoma popufi, then its usefulness may be reduced to a veryI
low level

I

I Ref erenc-es

I (1) Cash, E. K. and M. I,Jaterman. i\ nev'i species gf Ptagiostoma

associated urith a lcaf disease cf hybrid aspen. Mycologia; XLIX,

lrlo. 5, 756-760. Sept. - Oci;. T)57.

(2) lance, B. ll/. A fungus associated with blight and dieback of hybrid

aspen. Canada Dept. of /tgr. Bi-monthly Progress Report; B$)t

L-2. Lg57
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SU}&IABY FOR TREE BREED]NG COJ]*II]TTEE }"[EETI}IG

August L95B

A Study of Physiological Factors Influencing Flowering
in Spruce P-385

D.A. Fraser
Petav,lai,va Forest Experii,rent Station

This stud.y is divided into tvuo parts:
(a) Investigatioir of envi-roruoental factors influencing flower-

ing in raature trees and the biochenical- and anatomical
changes assoclated v'rith reproductive and vegetative growbh.
These data have been used to design experiments for growth
chamber investigation of young trees.

(b) Experi-rnents on the effect of photoperiod, day and night
temperatures and the appllcation of au-.cins and auxin
antagonlsts on growth and flowering of you:rq spruce trees
are being continued. A l-acre Corry Lake Physiology area
has been prepared and a planting prograrrme for white and
bl-ack spruce has been initiated so that rnaterial in
different age cl-asses will- be available for future experi-
ments.

'Ihe ar.rxin assay research awaits the completibn of the
auxin assay room and the replacenent for the position made vacant
by Dr. L. Ebellis transfer to British Columbia.

Ivlr. lrt. Vanden Sorn has initiated Ph.D. studies on??Histochenical Investigati-on of Veletative and Flor,vering Spruce
Treesir, under the auspices of Professor D. S. Van Fleet, University
of T'oronto, and D.. A. Fraser, Tree Physiotogy Section, Petar,,rawa
Forest Experirnent Station.

PUBLICATIOI\lS

Fraser, D.A. 1958"
Flowering in
629-6Lz; -Ed.

The Re]ation of Enviro
Spruce. fn The Physiolo
K:V. Thimffin, The Ronald

ental Factors to
of Forest Trees

ress Co. , N.Y.
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SIJMMARY OF' REPORT ON FOREST TREE BREEDING IN 1957

C. Heimburger

Breedlng work wlth

needled plne's was contlnued,

was expanded.

Uh1te Pine

whlte plne, aspen poplans and two-

and some new work wlth whlte eedar

The seeds for an lnternatlonal 5-statlon provenalce test

were assembled and so$rn. Seeds of 12 provenalrces were Bown at

St. Wll1lams to ralse plants for two provenance test plantatlons,

and at thle Statlon, for a bllster rust screenlng test. In a

speclal stu{y of seed germlnatlon Ln rel"atlon to length of

stratlflcatj.on, lt was found that seeds of the nonthern orlgl.ns,

as a rtrle, reqtrlre less stratlflcatlon than seeds of southern

orlglns. The collectlon of sclons from selected trees ln the

plantatlon at Connaught Ranges neatr Ottawa v{as completed. The

plantatlon was then thlrured, liberatlng all selected trees.

Sclons were also collected from Dr. Haddowts selectlons at Onono

and of the 5 weevll resistant trees ln the l,ake of Two Rivens

plantatlon ln Algonquln Pank. A test for weevll reglstance was

etarted at Thesealon, utlllzlng the pLantatlon t-rf Scotch plne

establlshed there ln 1947 for top graftlng of whlte plne test
materlals. These comprlsed ! clones selected for good growth

form and freedom from weevlllng at Mldhunst, 5 clonee of weevlLed

whlte plne, and 5 weevlled and 5 seemlngly weevll reslstant cLones

of Plnus peuce nealP Havelock.
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F-2

It wes posalble to lnftrce bud f,orrnatlon ln needle bundleE of :rmrrtg

whJ.te plne after srunner prnrnlng and to propagate these buds by means

of pJ,ate buddlng ln the greenhouse. A rnethod of sunmen grafbXng

was wonked out, s1mllan to the method developed prevlously fon red
plne. A new nethod of bark graftlng was tnled but pnoved lnfenlor
to the cument method of veneer fleld graftlrrg. A method of
hastenlng the germlnatlon of freshly harvested seeds has been found.

It conslsts of ca:reftrlLy removlrlg the seed coat after soaklng the
seeds ln water. The nalced seeds then germJ.nate pronptly when :I:-:;
pl,aced tn rnolst sartd. 5'lfty-slx lnter-speclfl.c crosses out of 89

made tn ]956 ylelded vlable seeds. One hundred and tweLve new such

cnosses were made tn L957. Inoculatlon wlth blleten nrst was velry

successfirl, &re to favourable weather condltlons. The populatlon

of Plrnrs gtnobus x Erug shovdng outstandJng J.ow fnequency of
lnfectlon 1n 19fi contlnued to do so in rgi5T. A collectlon of
named vartetles of black crrmants was assembled, to flnd ma,terlalc

retaj.nlng theln leaves untLl fa11, for whlte plne lnoculatlon wlth
blleten rtrst. Thus fa,r, Eome of oun ovnn bLack curnant seedllngs
appear nore sultable tn thls respect.

Poplars

The productlon of aspen-llke lrybrlds for eesy propagatlon

and growlng 1n Southern Ontarlo, contlnued to be the chlef alrn of
thls proJect. By means of exchange wlth other" poplar breeders,

18 new cLones and 2 populatlons were obtalned. A new method for
deterTnlnlng r"ooting ablIlty of cuttlngs was lntnoduced, conslstlng
of plantlng the cuttlngs ln protected beds and nnrLchlne wtth 1eaves

over wlnter. In bneedlng fon good rootlng ability, 2o new hrrbrld
popuJ.atlone were pr.odrced. rn bneedlng for earLy fLowerlng,
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F-3

eeverql hubrtrd po!4latlons p:eodrroed 1n 1954, contn!.ned plante trlth
flower buds ln the falL ot 1957. A pnogeny of two pnecoclous

aspens contalned the largest propontlon of pnecocl.oue seedllngs.
It was posslble to comblne the p:recoclous flowening hablt wtth
normal grovrth rate, at least up to the age of 4 yeutrs. Nlnety-
four seedllngs wlth outstandlng gnourth rate and good fonm were

seLected from ].o55?, for ftnther propagation and testlng.
Two-needLed Plnes

Reslstance to attadc by the Errropean p;t"::e shoot moth pn'{

adaptatlon to the gr"owlng condltlons of Southenn Ontanlo contlrnred
to be the chlef alms of thls proJect, and lncluded the bneedl11g

of lmproved tylpes of ned plne. Twenty-s1x new clones and 4 popu-

latlons were obtalned, mostly of seLected red plne and pltch plne,
and Astatlc plne specles. Flve lnter"-speciflc ct3osses out of 38

made Ln 19fi, ylelded seemtng].y vlable geeds. Twenty new such

crosses were made In 1957. The method of srurner gnaftlng deveLoped

ln 1p!6, was utlllzed for the pnopagatlon of lL seLected clones,
ove:r a thousand seedllngs and grafts of exotlc hard plne specles
were set out 1n a plantatlon at firkey Polnt, 1n a warmer cllmato
than at thls Statlon.
Whlte Cedar

The productJ-on of lmproved tSrpes of thls specles and of
western red cedar hardy ln southern ontanlo, 1s the alm of thls
proJect. seeds of one orlgln ln ortarlo and of 4t onlglnE of
westenr red ced.ar 1n Br"lt1sh Columbla were obtalned and sown, In
addltlon, cuttlngs of 2 cLones of Japanese red cedar and of L5

clones of western red cedar fron Brltlsh CoLumbla were eoLlected

and planted ln rootlng medla.
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I Chestnut

I 
The aln of thle proJect ls the prochrotlon of hardy drilarf

r ttrrpes, sultable as dwarflng stooks for tlmben-ttrpe chestnute.

I Two seed lots, one of natlve cheEtnut and one of Chlnese cheetrlut,I
were obtalned and plaoed In boxes wlth send ln the falL of L957.

t A seedllng lot of natlve chestnut wag recelved ln the faII and

r heeled-ln frr the wlnter.
I
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A$lfiIAr BEF.0Bf Lg57 -.r59
Foreet Xbee Breeillng and Qeaetl.eo

at f,be

Petwawa Forest &cpertaent Statl"en

bsssf
Ehts report Ls 5.ssuod. for t&re S.nformatLon ef ee*operating

persons end agenel"es l"n the field of tree 'breefltngo It is noi a
regearch regnrtr bnt nerely gf.vee an outllse of ttre phyeteal werk aeeoe
pllehed. Ln tneo beedtr€ at Petarawa rhrtng the 5rear endtng I{arch 3Le L958"

fuogro€E was d!.sappointtng for several reaoonso Flowertng
was Itsdr La 1957 ewtag to the eombl"matl.qn of a heaqy 1"9ff eoae erap and
es61r vat qring and sumer weatber ta 1956 rhteh dtseouraged foruatlon
of flsuer pnlnordiao SIs contnsl" poll:Lnatton vorh eerelet be doneo

WH.te Srmree

A large whtte Etrtrueo ltrsvensnee exper!.nent rl"th about, ?0
Irovenanees hae been tn trneparatf.en for p:tantlug ta the fueat lekeE-
Sto Islmenee Feregt Regton fsr geveral yearso !4ost of the seed has been
asseubled,e but iloor eone er@p6 in 195? trryeventeetr a*11e*tts4s of f,he
D166tng lets anil wo only uanaged, te gat a few;snall seedlots frsn the
T.ake $tateso Sovevere we hope to colleet the uS"esLng trrrorenanees tn
1958 ar:d to etart the firet serLes of experiuents that fallo

A mrsery trrrovenance extrnrineat tn w&lte BtrtrEce (n6" Ss" 93-A)
nas &easured ancl seored for se\reral ehaqaeters La an atteupt to ebtai.a
data for stq,illes of pop-lation genetigs" fhs dats have not Sret been
eonpllod, and qnalJrged5

Obssrvat'ioa pLote (mp. He, ?8) ineludtne etgSt raees of white
8pru,c6 and. tlre rae€E of 0elErada blae spnree Tre e planted ln the Fnel
Wsod, Area (P"A" Tt4).

Sne lronelxenee experLueat ln whtte sttruce (Bry" l{o" 9tsD)
lncludLng 25 raees rlae fLeld, plantetl durlag the falt ef Lgfl ah
Eaprskastng, Ontarloe by the Sprtree FaL[s Power and, Paper f,omparryro
ThLs experLnent rrlll be deseribed. ln nore etetall when the corylete
EerleE ls planted &rrtag the SpLng ef 195So ' , ' , :

Norrov Smce

A mnber ef Iitommy sltmce e'qlerJ.nents H€Te ests,blished at the
Statloa" Fyktets and selfLngs reor+ltf.ng frem eoakolled. pelJinatLon
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betneen neeqil euseeptlble a$d ueeviL resletarrt lnffivffuals fron
hd,sonrs. plaoe wene pl"anted in tbe Fnelwosct Srea (Fspo Hoo 6-Au
P"A" l-14) " SLngle kee trnegenf.ee ef eltte elender Sonray sprsees
rere planted, for l-ater seleetl"on of frosthardy and weevll reeLst€lt
tnees (EEF' Sso ?5s P.A" IL4). SLendsr genotypes Esy be assoel.ated,
vl,th lreovll resistanceo Obse,r":atien plots furcluding 11 provenanees
of fionruy sFmlee froul se]"aeteel stande tn Poland, G,rerwanys asd Austrl"a
rere fleld pla:rted afber betng heartly graded. ln the taeansplent beds"
(&rp" No" 80-A, P"A" lUr)o Thege obs€ffitl.en plets wtLL be heavi.ly
t&Lnneel at an earLy elate to rogue mt tndtrl.drral.s *rseeptlbLe to
frost danage aJHd wtdte plne weevllo

Tlrree experinents estabHehed to a]lolr eonparisen of tlre
progeny of the best $lor:way qpeee Etande Ln &hrope and. reecqnd
generatLoan $ornray stxruee l.a Gaseds were plantec1 ou the Val"eartf.er
Forest Eperluent $6atlsn (&clro Soso fl-Es tI*G) and, on tbe Cmsapseal
Forest Beeeareh $tatl"on (&p. Seo 57-lld)o Agrothar exSrerl.ment tn the
saae eer{ee hsd been plented wtth transpl.ants that were f*o mal"le
whLch refirlt€d, Ln a lew sinrrival"o &l"s exparf.nent wae replanted aad
enlargeel (Wp" Noo 5?-6),

So far ne have enly workeel nl.th Sonray gpmree typee fron
rest€rn Europeo Althorgh theee sre eassr to grmr la the nrrser,y, they
aay weJl be tso tencler for the esntlssntal" ell"nate sf eastdrn Oanadao
For esne yaar6 we hsve tnled to obtgtn trarelLer tpes fron &tsef.a and
Siberia" We ftnally taerlaEpd to exehenge EeEd wl.th the Hain Betaateal
Garden ln }4osesw a"ad aaw have sene very good seedbeds of hrssian sndl
Sl.berfaq Bleea ghleg and PLeea g$g!&" Thle saterialp wae eolleeted
aleng the southera border of the slueiee 

"ange 
to get bsrd;r eontdnental

typee rrhteh are aLgo fafuly fast growing" These uay be used ln fetrare
br*gdfng a:rd, eeLeetion of sprnces $Litable for aeid sl.t€so

Efght eloaes inelad,ing 506 gafbs sf eel"eeted, seeryi1"*eej.stant
Soway spnlees ware planted ia ths A,E"C"[" graft pl"antatLea (P"Au itZ).
Grafted poErlation sanpl.es of Sorray sprue€ froa RoaanLau 8erbi.a,
8Ioveaia, Dennark qnd ss&e sLendar types ef Qeruaa Sonoay strmteo seleeted
Ln $reden were plantedl in the arboretm en ttre L{eridlian Boad (PrAo l"0l).

Rpel Sqruee axd BIaFk Sw'ee

. Observatl.on plets Laeludlug eight provea^snces of blaek sprnee
(Expl qo" ?9) wmo pl"antgg ln an area wf{U a tr3.gh nator table ta Y6nagrs
Creek 8,ead, Area (P"4" 105) " He ]"ost a rather erbensive bLaek spmce
trrere$anee experlnent &re to pegeanatratien Ln the agfumr so no rdLL
have to wait rl.th frrther blaek spme6 provenanee eryerinente tratl.l
Eur whlte slrnrce exparinents aJre eonpletcdo

. Abcnrt 42r00CI 2=CI red spnree seedl{ngs sf vareLetur trtre?ea{rne€s(up" So" 95) u€trc tnansplantea l"n tAe ursuf" lbe plants-*r*" obtained
fron Aeadla Fereat Bqerl.nent $bat5.on, and were nst tes thrlfty"
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gtrafted peptflatten samples ef ncd spnree fron the AppaS"aehlaa
Mountains were planted in our SSnm.ee fuaft 4rberettrn and, eLee at tUe
.Southern Researeh Stationu !{apJ.e, Ontarioo

0tbe Swtrees

fuefted eamplee ef, vartsus ercof"lese mreh es EL€a sebrenklana"
f,o-wnsensB 3" grleataJ-gga E, oneriEe and. B" eqnereee lren,e pTffifie
arboretus on ths $Iertdf,an noae (p"*. 1Ol),-

rlftJroeven soed, l"ots of varLonre sgmee @brids were scwn in
!F" !q{q"*y a:nd sone of these rc€re t"rensp:"antca fu iue greenrrouse in
ttrc -fsIL and. gtvea a Z0:heur photoperieel" fhls teehntqlre proilueed
l"9dlllge Ln one year whleh are the el.ze of normal :-year-ofd eeed.J.5.ngso
9n1ry the E fleneq x Egggguq hybrf"ds show ver5.atien iir grewtlr respossei
oone plante have d.eveloped s1ewly in eonparison td.tb the yernaradei.

&ect Plne

{n.experS"nent inclucli.ng two Ontarf"o and three Gnebee
rySoyenllgps (ryp" so. 81) was planted La the yorlng0s ereek Bead areae
(P"A" 106). Tlrts experluent, is lateruedtate befureen sur establlshed-
serl.eg of pnovenanea erperflaen,te trith Oslarle red. pine and the provemance
expertnent wlth earnpJ.eE frem the entl"re range of rie ptneo The latter
experLaent Ls ts be establl.shed aerose eanada in L958"

A,stngle tree-progeny test (kp. ti[o, 3;t)a E trEevenaneeeryerJ-uent (ft$" So" 39) p and a mrrserT provenflnee experinrat (*F" gr"
7l+-A) were renaasuredo

He aleo tnitlatetl a stndy of el] kngtm rad. ptne preven&noe
experlnents in earade and the llutted States to twestigate- tlre relatl.sp
sl4p befuroen the eu,sate in the plaee of origla and the grewtb iupllantatlens of eaeh trrovenalreo reeorded.o Ttrese d.ata niil. be eoapared
wtth 9ur loeaL phenolog5.eal obEenvations on reel piue trrevanaaecso f]reeenpltetion of data ls nearly eoup3"ote and ve trop" to-prb3J.sh tbe resul"te
8OOtro

fr abtatn€d seed, for a.uother red. plne provenanee study eJd a
glp.gl" tnee Fregetry test t@ be eoa&reted ln. eo-eperation vrlth R; e"
El.tt ef the Eniversity of wtseoasln" (tup. $o" e15 s$d, Exp" se, pjt6)o
3he experlaeata ar€ to be pJ"anted. at petawrya and, l.n sLEeei€iao

Jaek PLna

An experlaent wtth nine prevenanees of gntarie and Quebee
Jt"! {ng. (&A" So" 82) wee planted 1n tne yotrng Oreek Boad. Area(P.4. 106). In the gase loeetLea a nruber ef Jiek x lodgepoLe ptne
rtytrtds ygre planterl wl.th the trrre speeles for-eomparLsei;- thesi wtLL
be_l.nvesttgated at a later drate and fire u:menruted gbrs.ils'$rtll be
s€Leoteil"



t
t
I
I
t
I
I
I
I
I
I
I
I
I

I

I

I

I

I

Hi

Iustb€lp Frsvenaqse 6xtr)6rteent taelrnllng hrelve lotE of .

Sntarl.o Jaek ptrm (kp" So" 4.0) was reuee$uredo Hhen plotted oa
graph paperB tha hetghte of the varieud .Ir@v6rurn€e6 appearod to b6
rolated f,o the Eoaa su@er tenperatnrc asd t!rc length of growlng
sdeson of the reepectl"ve plaeoo of ortgin"

0olleetion of eones ffas contlunred, f,or a Jaek pd.ae trrrsrronalnce
eperLment eoverf rqg the range of the spec5.ea6 Ewentpf{ve eolJeotioae
nEne uede by a mnber of ce-operators.

Seois Piao

Soed ef &lsslan and Slberlan Seots plne lroveasao€s lror:o
eorya ln the wreerly" Seots pf.ne has a vcr:f p@sr reprtatd.an ln Oasada
Eafuqy beeauss tihe sced @a-lgfnallf fuported eaoe fron stande of
notorloaslg nalfornoel trees aear Dameta"dt Ln s@trthrestarn Garuaqro
Eowever, well acNepted. Seotg ptue of good for"u aay have sons meLt sa
Jack plue sLtes, qsd aay po&lee s6re tinber of a bettor quaJ.tty thsn
Jaek pl.ne.

$ests pLne trrovenslnees notad fo:r a high pnoduetlon of rcELn
ln eerta.Ln areas ef fuEela alse nay be of value for bneodl.ng of shsot
noth ragletant t54ree"

ln atteapt ms nade to rate Saoto plro Chrl.Etnas taoe
eeleetLone grafbed at an earlLer dat6" &le proved dlefterrlt"
Bqture ratl-ng sbou,ld be dpne flvo yeare aft6r the grafts bave beea
plented in the fLeld"

. Pr-ogentea sf Seoto pfune oaleeted for @arly f,lowerlng
(Exp. f@f 85) vere nflanted" Ia rhee oouro@ thEse rd.IL be rated for
t&eir vahrE as Cbrtgtnac treog"

0ther Tree Sueelea.

0bservatioa triloto for tho conparf.roa of luEtaden and PoU.sb
l*areh and CIrtarto tanaraek wore planted 18 ths fuel $aor[ lrca (pqr.
{oo 90-4, P"A" 11-,4)o In the sanE area a mnber of I€Etrs ffg,IeBl,g x
Larlel,na [ybnlds were a],so plantedo (Sry" Seo 100e F",9.- Il4l;

VariEu,E B6&r].e rerE&eEE lotp rbleh orlgl.natecl fton plua
trees la swodea were p3.anted la the lrborctun, (PoAo 10L), antl l.s thc
Imng Craek B@gd Areae (Up" Fo, 101-A srarl frpo 

.So, 
101-i!, n"n" 106)"

Four povrst'eqees of bLgb a]"tifude &nglao flr ftola Moatanae
Etsh and. tysnfure r*e establlshed tn the Arborstun, (Fry. Soo S{,
PnA" 10L)o

Vaeotatlve Pfop@ratf,on

Ei.ght hund:red grafbe nere nede for an lntorspoetfle grsftlag



t
I
t
I
I
t
I
t
t
t
t
I
I
I
I

I

l
l
I

el-5

experLaeat ln *rhleh whLtee Somnaye r€d end b]"aek strruee lrere grafted ia
+1'f eoubiuaff.ens (Erp" Ka" ?J2)o--There sere u@ appareat dlff&eaees inthe pr eeat take asd all seions rook norma-l" 'rn-iflne we shq,u- sEe-
uhether black Elruee rootstocks have a ff.oner tnfucing effeeto

$rreerv Wsrk

- -A strdy, of dagprag.off in reraffon ta sef"l types and varioas
eel.l" tneatnents (&rp" $o" 19I) tnf,ieated that a eonbtnllten of fereEtlt'tter ancl steas sterillzatl.oa gave the best lreteetion against, danplng=
offo

Abest 681000 seedlings were tra:rsplantad,

Slrteen experinento lnelrretlng }gsfff,- plants asd ecvering an
area sf 21 aeres vore establ"tshed on the Fetarlrslra Forest eeerlaeitStatlsn" fhree $onray etrruee experLments inelud.ing Z6staffi if"rrt* 

"nAe@verlng an area of 1"7"9 aef,es were planted. Ln the-hovlase-of fuebeeo
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REPOBTS

EstabLiEhment Rspert for Erperlsent Hs. 5?-Er PreJeet P-136" Provenaneo
experlaent plaateel fa'Ll 1956 laerudlng eL:r raaos of $ornay strtrBee
plantetl ln Gonpartnent B of the Val"eartLer Foreet Erpertnealstatisao

!t. Jo Eolsto

Eetabllshneat report fen ecperlneat ffe" fl4, proJeet ?*L%* fuoyenanee
eurperi-aent planted Ptrntng a^ud falr 1957 inelndtng eigbt raees ef $ar*ray
qpnrae plaateel ln the Hart HlLl Bleek of tbe vareartLer Forest
kpertnent litatteno

Hlo Jo Hel"st"

EstabilJlshaent Report fer &perl.ueat $oo f/-fle PreJeet F-L36o Frovenanee
eqrertaeut planted fall 1957 lncluding sev6a rac€s of, sermay strrtrce
plantecl ea tbs 0ansapoeal. Forest Researeh Statf.en ef the gerr gmasrrlek
Iaternetlbrsl Paper Gouparyo

!{o Jo HoLst"

Eotr ara eur whlte q[E*ree Fr@venanee eqlelueats progressLng? peper
presented, at the asnra-l l{eetlug of the weo&landg soetion ef the
0oP"P"Ao ln HantneaS.e tr{areh tl, Lgfi"

!{o J" BeLst"

Plantlag pLans for Spntage Lgj$o

Gu tl" Ieatnq:ro
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PROJECf IMUEIITOBY OF FOREST GENETICS NESEARCH

UNIVERSITY OF BRITISH COLI'MBIA

Bntler a Grant fros the SattonaL Beseareh eounelL
by

A,H. Eutchinson, gh.D., Professor Enerttus
Abstraets of Researeh ln Progress, L958
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toward $eed SeLeetlon a" TI. Eutehirisonc

Thlrty Loeallued seed eoLl-eetlons from areas west
the RoeS and Slerra l{evada Mountalns have been uttLlzed ln
eoastal BrltLsh Colunbla nurserles, r:nder eomparable eond.Ltlons,
durlng the perlod. L953-58. fhe total nunber 6f reaelings exeeedi
9OrO00. PartLeular attentlon has been glven to steu and braneh
Length and dlaneter; 1-eaf slze and coS.our; bud aettvlty eyeles
and frost sensltlvlty" Evld.ences of dlsease and lnsect re-
sistchee are noted..

Durlng the flve year perlod., ellnatle extremes have
been recorded" For lnstanee, the lfovember frost of Lg55 resu].ted
ln eompl-ete annlhiLatlo$ of seedLings frou CaLlfornla seed,,
70 to 90 pereent kll-llng: of lower Le.veL coastaL Brltish CofumbLa
seed'1tngs_and'd'1stort1ohoftroto5opereentofthesurv1vors1
conversely, seed from hlgher levels, lncLudlng eoastal and ln-terlor areas shor lncreased, toleranile, to the extent of eom-
pleteness 

"
There ls evldenee that vartatlon ls greatest und.er op-

tlmaL eondltlons and that adapttve stand,ardlsatlon results frsn
seleetlon und.er r{gorous condltloae and that these eharaeters
are heredltartly relalned ln the new envLror.rsent"

It 1s eoneLud.ed that uaJ.tlpS.e faetsrs are operatlve {.n
the lnherltanee of these physlol-ogleaL eharaeters. the modeo'of
operatlon of poJ-ygenes ls formnlated ln the seeond. proJeet r€-
ported here and, a basis of controlled seleetlon ls presented,.

The Cyto-operatlve Systen Basle to the Blnaqq Frequrenev :\:+ilF1oi6,-

Dtstributlon of }fuLttole Faetors
"-II. Ihrtehlnsonc

fhe lnherltanee of narry quantltative charaeters, as
eolour and slze of wheat was attrlbuted. by Stlsssn-Eh1-e (191L)
to the aetlon of mtrltlpl-e factors or polpnerte gene's o Mather
(L9[+3-53) uses rpoS-ygeirest to deslgnate ttre eonlonenis of any
group,ggllTlbullqg !o * cormon ptrerotypLe praduet" Sll"sson-Eh1e',
tang (1911) and Slrks stlpalated l-Iead.eLlan segregatlon as a re-qulslte and, Lang stlpn-lated equallty of the faetsrs. A paper
presented to tbe Tenth InternatlonaL Congress of Genetles by
A. E. Hutehlnson emphaslzed. the quantlslzed concept; that the
phenotypes may inclirde overlapptrig phenotyple ranlei of the
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eLasses without ioss of ldentity.
Charaeterlstles of the popul"atlon nay be expressed tn

terns whieh are in aeeord wlth PaseaL0s blnomtal trlangLe and. the
blnary notationa speei.fl-eally Let the nunber of polygenLe
aLLeles = oNou the heterosygoeity of genotypes = 0hB and the
eombl-ned heteiozygoclty of blparentaL genotypes = o4o, then the
nr:mber of polygenes = 2Ng the nunber of phenotypes (2N+1);
the nr:mber prlmary genotypes ls 3Ng the base of phenotyple and
genotyple frequeney is +I[; the number of effeetive genotn)es ls
faetorlaL (N+iL); the number of ftllotypes = faetorlaL (2N+1);
the frequeney of the phenotypes ln a flllotyple sertes = ,,i,=,..
(:"+:-)H x 22$-H. The el-ass frequenctes of flllotypes are iharae-
terlzed by poJ.ygon eurves "

The llnltatlons of gauaete or spore dlspersal results ln
Loeallzed establlshment of filtotypes" Further the operatlon of
adaptlve naturaL sel-eetion lncreases the eonpl-etlon of adapted
eeotypes, raees or subspeeles.

3. Grrtoloeleal Studles of SensLtlvity to NutrltlonaL Defleleneles
ln Conlfers. Ao II, Hutehlnsono

I
I
I
I
I
I
T

I
I

Leaves of Douglas flrn sltka sprueen western hemLoek
and western red eedar have been-seetloned and-stalned by spee{aL
methodso There ts a notable varlatlon of sensLttvlty to nutrl-
tlonaL defleteneleso whlch ls not onLy lnter-genertc and lnter-
spee1a1, but aLso afplles to lndlvlduaLs wlthln speeles and ls
evldent 1n parttcular tl-ssues and ceLlular strnetures, The erto-
Logleal ehanges flnaLLy beeome externaLly evldent as eharaeterlstle
narklngs or deformltles"

I The l-eaves we?e obtaLned fron expertnents eondueted byr Prof" Vo KraJlna of the Unlverslty of Brlt-lsh Columbla.

Lr. Cvtoloeleal- studies of Chromosones and PLastlds Ln
pgglgg_{ft" Ao IIo Hutehtnson and Ho $weeto

Studles of leaf buds of Douglas flr shors deflntte ln-
dLvlduaLlty of ehromosomes and und,er varylng eultural" condltlons
aberratlons oecur in a nunber of ehromoSoual struetures suggestlng
transloeatlons and polysomatyo ' ':'\"

Speclal metbods of preparatlon and stalnlng haW been
ut111zed.,

lnsono

there Ls mrreh evldenee of the nuel-ear orlgtn of plastlds
and other rseytoplasmLctt bodtes Ln the leaf eeLls of Douglas fltr"In some eases the nueLear orlf Lees n from whleh the protopl.astld.s
emerge, have speeLfle l"oe1" Furthdr Lnvesttgatlon ls neeessaryo

I
I
I
I ,"

I
I
I
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Abstrae'b

A genotypie eval-Tratlon of wlnd polllnated Douglas flr
populatlons is premised on po3-ygenle segregatlon invoLving_varlous
growth ratesu frost sensitlvlty and eyelle bud aetlvily"_ In- eaeh
Case three oi" four alIelie faetors are requtred te satLsfy the
polysygous stateso whleh are evident from-more than 8O'OOO readtngso
SlnpS.e equatlons in terms of nNo n the nunber of polygeaie aLLeles
and ono, the degree of parental heteroarygocS.tyu rel-ate the pheno-
types and genotypes of the progeni-tors to the elass freguency
dtstrlbutton eoeifletents ol ttie progenlesn (:"+l)n x 2zl;n.
AJ-1 populatlon eurves are redueed- to the eomon base s 24 o

Eaeh eontrol-led bS.parentaL cLass frequeney polyggn of
a speelfle poLyzygous popuLatlon is bal-aneed. and lneLudes (n + 1)
pbenotyplc eLasses from a possS.bJ.e (2N + l-) eLasses eaeh of whleh
belengs to one of (factor.lal (S + L) ) effeetive genotyple elasses.
These genotypes nay eombine to produee factorLal" 2I{ * I elass
frequency seriese 4s progenleso Wlnd. poll-tnated, mrltlparental"
stoeks are ehara6terLzed by elass frequeney polygons whlch shots
predletable sker^rness u multlple peaks and. extend"ed. plateaus.

Sel-eetion may be eontrolJ-ed genotypieally on these
bases. Exanples of natural seleetion are presented"

ersity,
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REPORT CN TREE IMPROV:M,{MIT WORK AT THE
ACADIA FpnEST.EXPERIMENT STATIoN. 19(,7-49

H' G. l&cGallirrray

Thls report deals r,rith the tree inprovement work that was d.one atthe Acadia Forest Experinent Station fron the suruner, lgfl to the spring,1958. This work- was chiefly concerned with red pjne, pi:rus resino€. rE&spruce, Picea nrbens and balsan fi.r, Abies @tgggqg.

Red Pjne Provenance Experiuent

A red' pine provenance experiment was established at the Chignecto
Game sanctuar.Sr, ln Nova scotia * lerl rg5g, fhis is part of a largeiprovenance study being conducted by l,tirk Ho1st. The pianting stock for thechignectn extrleriruent was supplied lrom the Petawawa Forest Eiperiroent Station,

_ -The 
pre-plant5,ng treatnent of the planting site r^ras completed inAugustr 3:gfil. This consisted of clear cutting a fi[irt hardwood oirerstoryand spraying the root collars of the str.u:lps ldtn 2rtnr5_f in d.iesel oil witha concentration of 2.5 ounces of zr/yr5-T acid equivalent per gal1on of

sPf&Jf.

The planting rnaterial eonslsted of 16 provenances fron the UnitedStates and Canada. 
-A lattlce square design, witir five replicationg of eachprovenancer was used. Each plot or replication eonsisted of trg trees--

seven rows of seven trees each. The spacing was /u feet x { feet. Onedivision row was planted between the piots ita t"o surround, rohrs were planted
around the outer edge of the plantatlon. Pl-anting was done iaitb Saguenaytools.

Red Spnrce

Seleetion

The selection of red spruce, as describecl ln the report to thisconuittee. last year, was contlnuio aui.rng the faIl of 1957, Seleetions lrere
made of ttre tr,ro best and one of the poorJst trees in eaoh of five standg.Scions fron these trees w91e grafted during the late fall , Lgy.- l-JA"-ff""
experS-nent to check the effects of red "pni"", black ,p*tl"r-g.-rnarfarg anAwhite ?PTu9"r- 

p.. elai+,c?r rootstocks on tire gr6uth of tire 
""6 "po"e sci.onswas initiated using this material. Thirty-ihree sclons fron each i";;-;;;"grafted to each speci-es of rootstock. Unlortunately a needle-cast diseaseattacked the rootstocks ln Febmary. ft diC not appear to harn the scions,
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Cond.itions in the greenhouse, tenperatures of 5Oo- 5fg and relative humldity
80 - 95 per cent, may have favoured the development of the disease. The
temperature uas raised to 50oF and the relatlve humidity uras lowered but
nortality of the rootstocks Lnas heavy.

Provenance Experiments

Sites for three red spruce provenance experiments were selected
and are being prepared in New Brrrnswilk near the Bay of tr\:ndy, at Acadia
Forest brperiraent Station and in the northr^restern part of the-Province.

Balsan Fir
Breedlng

Attenpts to produce a hybrid fir, suitable for },traritine cond.iti-onsp
were made in May, using balsarc fir as the fenrale and potlen from .!. nobl1ls.
4._ ?ephalgnica, {. eqand.is, and {. nordmanniana. Thi; poIlen n"a teen Ii-
cold storage si-nce it wa-s cottecded in t95?.

Ten special tents were made with the cooperation of I,h. B. Douglass;
Superintendento Acadia Forest Experinent Station, ior isolating the cone
producing sections of the crowns of balsam fir trees. The use of these tents
greatly reduced (f) tn* amount of work, and (z) the danger involved in Uagging
and pollinating,

Each tent is cone shaped and about { feet high and { feet in
diameter at the bottom. The top of the tent is a conelshaped cap of ga1-
vanized iron, about I foot in dj-aneter. The cloth (piIlow- ticking) pirt
of the tent is lashed to the cap. A hoop of light ironn /, feet ln diameter,is fastened inslde the lower part of the tent to keep it flared and auny
from the branches, A flap or sklrt, 3- to /e-feet 1ong, extend.s below theiron hoopr

In placing the tent in position a 2O-foot pole was first tied to
the top part of the sten of the tree to support the lent. The top of thlstent pole extended just beyond the leader of the tree. The tent was raised
on an aludnurn rod and set, dom over the tent po1e. The tent pole supported
the netal cap which in turn supported the tent. The lower flap was ptrlkered
and bound around the stem and tent pole. Cotton wool was vrapped around. thetent pole and stem, under the tent flap to ensure a pollen tight joint. Four
guy ropes from the iron hoop to the tree stem secured the tend in position.

To make potlination less dangerous an 8-foot piece of copper tubing
was attaehed to the tent pole, The top of the tube came $rithirr a ioot of thd
upper end of the pole. A car tire hand pump l,ras used to foree the pollen up
through the tube into the flor^rerlng part of the crordnr This made it r.rn-
necessary to climb ini;o the weak section of the cror,rn dr,rring the polU-riation.

/
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The tent poles r"rill be left in position until ttre faIL. The tents
triJ-l be replaced at the end of August to catch the seeds shorrld cone col-
lecting be dela;red. Nlcotine or DDI w111 be applled to the cone bearing
section of the erolrns when the tents are replaced to d.iscourage squirrel
danage.

Miseellaneous

l4aterial is gror'ring ln the nursery which wiIL be stritable for
provenance experinents in balsan fir and Norvay spruce, g, Cbigg and obser-
vation plots of exotic fir.

The following were published during the past year.

i4acGrllffnArr H. G. L957. Rooting balsam fir cuttings under
internittent nist, For. Chron. 332 353-351r.

MLCOLM, D.J.r C.F. EVERETT, and H,G, MacGILLIVRAI, J:gfl.
Preplanting treatments {or control of weeds in conlfer
seedling beds. S, Res. Rep. Nat. Weed Comn., East Sect.
1957, pp' 60. Canada Dept. Agricultr.ue,

L957, Pre-emergence treatments for weed,
control in conlfer seedling beds. A. Early pre-eaergence
(residual), B. Late pre-energence (contacl). In. R6s.
Rep, Nat. Weed. Comn., East Sect. Igfl t pp. &-6I. Canada
Dept. Agriculture.

control in
Comm., East

L957. Post-emersence treatments
conifer seedling beds. In. Res. Rep.
Sect. L9fI t pp, 6I-Q. Canad.a Dept.

for weed
Nat. Weed.
Agriculture.

1957, Post-emergence treatments for con-
conifer llners. fg, Res, Rep. Nat. Weed
1957, pp. 62-63. Canada Dept, ,{gri-cu1ture.

The work on weed control is nentioned here beeause of the irn-
portance of nursery lnanagement in tree breeding. This vras started when it
lgcarne apparent that weeds were going to be a serj-ous nursery pnoblen in
1957. It r.ras done i-n cooperation r,ridh nembers of ths Field Hulbandry
Branchr New Brunswick Department of Agriculture, and the F,:cp rlmental. Farm,
Canada Department of Agriculture. This work is being conti.:aued in 1958.
Tn l9fl only ehemicals recomnended for use in forest nurseries were tried,
None of these proved tn be entirely satisfactory when both weed control and
damage to seedlings and, liners were considered,

trol of weeds in
Comn., East Sect.
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sf;?swsffi$ sffiFIF* Itr s*fte&eil&lsl

fi*S* kffir
Fehntr I ?Irnt lhttologY Dtrtttoa,

Ectrrnso Slrlcel Dlplr-hrat ef tg*:l'anlturrr Ottrrr

Grnnnr rrBenrtrnr lttrrrldl
ffi mlfra ird. *btrtm& ta lsff f,sffi * n*!#ls*fi*s

*31r*tfiil tmn*b 61 * SErh of €* rrtgptf,. t 5*dm*. *S
Pwr{ r|e6'rlall ;tut tmTrtffi} ehrws
robrll' ft rrilttart rrFl llcfi! fffi tl* af rmrgrurr
{tr$Fr 88. Itrf } g1[3r. Arrftgft rapplclcste0 b1r rr*ttfotrl
insrdolimt figt to prUUir r 16 bffir-iilr1r. ti.il{l|'ngr flnr

sl t&ilwffi
sf *ffixffir*t

rlti *M=*Fipffruarti* Crirc*c tt!4 of t&* tffir ME t?Ft
Errs;E fer bE3c1{rrsn. fll t trtplold, mrl g3llld,artail eni
rnn rt rbunC tu t6 ntr lr tU efpf*xldrr rll rrdlltgr
fuvtas *-O lmrfl EH tlsaGh eft|f HaBrailf. rtt eil'r tLEr
tur udrr rastrblr opcsrpelltnrtr{ ru{Ilngr ltngrC fn_ pl,6}t
fffi 8*6 te S G&, *fu6r*l &b ;*lfr* r*r{}.tnef (dt p[.*t{ rd
m$1r*n[ptfil m1q wt[ ur*ffsmts 6*{ ffi*- fbm* $ wnttn *f*g
errofirtfoir th tctroplcl,it* t***ilil gginilth rt * Ml*ht d
iF tu. (l.g lcevr*! anll raanrlgd tUtqt-for O rontbr ;*fBwrll-t
lorl,n*-thrlr hrirrr llb dlplald rrrdlllagr lontl.nrd grerlib
fer {-mtbt ftw trrdartlon rd cmlly nrryrrd th
tr'[F{.p1s*{t [x hr[St (to sS ffi*]* & t*tmp]o*{*-*tst,
ptlntbt wttsol* fn *rr1y lrp h,s rwt ffiffix' ryftf {[lp S*fr
*n trrg,srl. tdl bc$n f cpra to lcErr grorthr m
tetnplotd tdll,$g-rru phl.d rt rurgurlr-tfn{ 4?4f1.sdcr enotlsr*mr rlght (ltryrreht ptrr lsoo fc als'fl'olrll r
Orwtb rru rgprnntllr rerwl fgr I lrlcr bt th.E card'
(htr I m.l" *b rridltng br;rl ts drtrrtsratr rd
rltbounts tt rrt mbrnd tc srtrnl drytl'gbtr ro8 dfrir
Elillrp 6}urc *Mttlru* ff aontl.ffignr flMst*m S*lr me
&m fs*d tMi dfploft S*, r&ml$ffi *h* *{rntfffiffiil #oilthrd, rm piratr rlii ft*riFTiTffiifii*r.

fit4tfffi , fi q$ ffif;fffirt $l!t+F, fu J#S*ffi*'.ffifHlt
&h**try-*K,tq sf trKr stftpsf*Ltr;cdp ffifilwt$,1ilr,r*r{* - -^xm*l,[r 1as6*rttl*ril" fom *nd tf tH piugrql *f *rqrytr ilffiEfE*lly lfffi-t$tr*lf rsffi tffi sr Tm FrlFfrlqt rrr E-|mrF ***s

tYsilcei rrtoruornr rd rlth lcrbrrlgll blr 1d to tb
n#ictirrrTr-EFFTIF for* !,r r-Flffiffiri tl*l.grrr. Et ir
uiU,qir* rbilt un*t*tfes *f &r iif$ s*$r tfl t* *x ifutWfrt*fil
wm#,mffi 

-ffi Jf roiTffi r #*Hl+dtHJlr#o;$r'.'
tm gcnahmr &f* th **ru t*qlryurl h*s$ }lffi
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N|HUAL REP0AT 0N F0RBST C'EI|ETICS L957

by

A. Lo Orr Ewing, Research Division, B"C. Forest Servlce.

Creneral

No changes in personnel have taken place and the shortage of
trained assi-etance with a rapidly expanding program renaine a constant
problem.

General interest in forest genetics has increased considerably
and talks to both professional and publie groups were given during the
ycar. The annual field neeting of the rWestern Forest Genetics Aseoeiation
r*ae heLd at the Duncan Nursery and the Foresb E:cperiment Station of thc
B. C. Foreet Scr . This Assoeiation draws nenbers from the roestern
states of the U.SoAo in addition to those from B. 0.

There were again a large nunber of requestg f,or seed and .q;#cd
consi-gnment forn has been introduced for the purpose of reeording the
source of all s'eed sent out of the pnovinee. Btrlng the year seed was
sent to Ind.ia, South Korea, Ieeland, Denrnark, Argentilrae Un$.A" and other
provinces of Ganada" A seed reeeipt form has also been j,ntroduced ln
order to reeord all eeed brought in to the province, Bpeeial seed lots
were recelved from 0aliforni.a, Formosa, Japan and the Soviet Union.

$eed Glassiflcetion and fi,esistration

The nerr system of seed elassif,ication and registration was used
for the first tlme in 1957 and all seed lots collected by or for the
B. C. Forest Service were du\r regist,ered. The research nurserynan now
supertrlses the reception of all eone eollections at the seed extraetion
plant at Drrnean nursery. He is also responsible for keeping all recofdgii
eoncenned r+ith registration and for the seed while tS 1" in storage.
Some a.mgndments aid improverents to the system have been mad.e, it witl
now inelude all those seed lots stored and sown in the Forest Serviee
nuraeries which are the property of the Forest Industry and-other agencles.
In future lots of either cones nor seed rrrill not be received for extraction
or storage at Dunean unless they are accompanied by the neeessary infor-
nat,ion"

Plus t-ree seleetlon for Douglas flr seed orehards

$eleeted high elevation stands of Douglas fir were inteneivelSr
cnrised Ln Lg57 and ten plus trees were finally seleeted, the criteria of
seleetlon being based on quality rather than on volunne. The stands wer€
from forty to ninety years of age as lt was consldered that seleetion in
these age elasses would be pneferable to seleetion in natrre stands of
Douglas fi-r ''rrhere the ages conrionlJr range fron 250 to 600 years. ,Ia these
l-atter stands, the effeets of the environnent are even nore diffiqult to
dissoeiate from those that nay be genetie. Seions were shot dorsn frm a1l
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ten trees and, suceessfully tip graf,ted on t,o root stock in the sprilg of
1958. These will senre to inltiate a el-one bank as the plus trees are not
readily accessible" Some cones r€re also eoLleeted from three of the treee
and progeny tests will be instigated as ear\r ae possible. The root et,ock
for a snall seed orehard has been planberl at Dunean nursery and graftilg
of the plus tree seions will begin in 1959" Obher sultable high elevation
stands are being cmised at the present tine and a fr:rther ten plus trees
remain to be selected. The seed orehard wiLl" be represented by slxteen
eLones fron eaeh of the trrrcnty plus trees with a fi"nal epaeing of troenty-
one by twenty-one f,eet. A four by flve reetangular lattiee design rep-
lleated five tines has been ueed ln estabLishing the orehard"

It nas felt that an early start should also be made on evaluating
the inrtrerent faetors related to wood qual"ity and a co-operative study
with the Vaneouver Forest Produets laboratory of the Doninion goverunent
j.s aceordingly being initiated. It is ptr"anned that the i-uportant wood
charaeters of all seLeeted plus trees will be analysed and that later
parent progeny relationships wiJ-I be rnaden

Iabreeding,_eqrer:isents rrith Douelae fj"r

Eight inbred linee have been planted out on experimental area
for later outeroesi-ng and it is hoped that this work ean be extended to
the seleeted plus ttrees,

,A etudy.of Sereqty.pes iq jouglCe_f&r

Thls study nas initiated to eompare the development of the progeny
fron poor and good phenotypes growing at high etrevations in ord,er to detirj1lne
the signS.fj.eanee of rrnfarnorrrable aspects of emrirorment" $tock from both
aeed sourees wa.$ fai.l ptranted j_n Lg5'l LyL t,hree repl"ieated bLoeks at an
elevation of 3r0O0 feet"

Phenot:npie selg.g&:-gn_an_gren-glown Douelas fln
This str.tdy was initiated to demonstrate the need for careful

seleetion of panent trees for eone eotrleetions. Both eeions and r,rind
pollinated eones were eotrleeted from both good and poor phenotypes ln an
open grown sfrand, the parent tree being seleeted on the baeis of forne
gro.wbh and branehing eharaeteristtes. The scions ldere veneer graro*d onto root stoek and pJ-anted out in reptrieated bloeks in Lg5?. f[e seeaHngs
resulting from the wind pollination of eaeh of the parent trees were planbed
out in the sane blocks in 1958" Both ttre seedlings and grafts fr@ one of
the poorer phenotypes a}ready provlde an exeel-lent demonstratj.on of the
rieke attached to uneontrol"l-ed eone eoLleetlons. There was eaeouragtng
evidenee of earJ-y eone prduction from the grafted seions" One of these
whlch was grafted in Mareh 1956 and planted Ln Ig5T produced one fully
developed feuale eone and several male eones that sa$te year, the fenale
eonee uoreovere produced seven viable seed.s. A detalled anal-ysis of this
study wlIL be made at an early date.
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A eo-operative seed provenancq study of DouAlas ,fir
Sbed. fron sj:rteen spqfces. in British Colunbia, Hashington and

Oregon has been coll-eeted and is-own ab ttre Onegori State ntrrsery, The seed-
lings from all si-:cLeen seed sgurces wil] be out$Ianted. in replicated bloeks
at eaeh of the sources and wiJI be available fof planting in ej-ther the faII
of 1958 or i-n the spring of I{59. Eaeh outplanting area is over eleven
aerea in size and considerabl{ elearing has been neeessary on the one
selected by the B,C. Forest ${rviee, who are algo responsible fsr co-
ordinating the project for thei other four eo-operating agencies i.n B. $.

Exper*iaental plantings of exotL: eonj"f,er.s for future
hybn!.cli:lation .studies with related eoaetal speej.;es

, It vo"as felt that a atart should be made towards the establishnent
of a snalL arboretrrm which eould be used for later hybridiration studies.
Seed fron the fo}lowing speeies of, Douglas fir r+ere obtained in 1957 and
sown in the spring of 1958, Pscudotsuga naeroea Uarru from California,
U.S.A., Pseud.ot'ar4gejiepon:!,q9, Beissner from Japanr.Pseudots,uea Wils(ttav)ir .ia@
Dode, fron China, and Fseudotsuga menzeeeiL ya.r glauea from Arlaona, U.8.A.
€ne.,epeeiea ,of...Hee-1ock, Tsuga siebaldii" r*as obtained frm Japan,

e.W
In order to 5"mprove both the quality and quantity of Ilotrglas fir

seedr. the Beforestation divislon have reeently established two high elevation
seed produetion are&s of fron d.[e and 7.4 aeres respectively" Tbe better
phenotypes ln the stand have been retained at an arbitrary spacing of tweaty
feet, the remaj-ning trees have been removed and the underbrush sprayed in
order 6s slirflnate eompetition" The tr*o stands are from 28 to 30 and fron
3l io JB years o1d and average 3Lv feeb in height. Seed eoning frsr such
&reas in the future v,rill be in the 82 eategory" Several replieated fer-
tilizer treatments were applied in May and June of this year in attempts
to-sbimutcte s'onrs- produuhi.cnn.

FUBIJCATIOHS IN 1957

grr Elring, A. t. Fosslble Oceuryenee of Viab1e Unfertilized $eeda
in Douglas Fir. Teehnical Frbllcation f. 4?e 5 pp"
Reprinted from Forest $eienee, Vol" 3, No" 3,
$eptember J..95V 

"

A 0ytoJ-ogieal Study of the Effects of $elf-Pollination
on Egeudqlggge 4eeElggll (UtrU.) Franco. Technieal
Fublieation T. 118, 7 pp. Beprinted fron Silvae Genetica.
VoI" 6, No. 6. Deeembero L957.

Further Inbreeding $tudies with Douglas Fir. Technical
Publieation T" 50. 15 pp" Beprinted fron Forestry
Ctmoni-ele. Vo1r 33" No. 4. L957"

Better Ti-mber for B. C. Depends on a Good $eed Progratrmo,
E.6. Lunberuoan. 4 pp. Vol. lr1" No, 5. L957.
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Rcport to Coqnittee on Forest Tree Breeding

Arrguet 1958

Rcne Ponerleau

ForEet Blology traboratory

Canada Department of Agrleulture

Quebee Cl"tyu Que.

Dutch BLa Disease

l?rc breedlng program for elm strains resistant to this desease $raa

inLtiated tn 1949 in eo-operatlon with the LrAssonption Sxperlsent $tation.
The nain purpose of this projeet uas the fi-nding of reeistant or tolerant
strains of the Anerican eLm to the attaek of ggsatgJystiE gfn!. Fron a nuuber
of trees, which have escaped inf,ection in the eentral zone of the outbreak in
Quebee, seeds and cuttings are eolleeted every year and propagated in the gredl-
house and the field of the experiment stat,lon" To test their resistaacG, one-
year-oId eeedlings and cuttings are inoeulated with the fungue the following
year and trees showing symptons of the infeetion are disearded the sa*re year.
ThoEe that have not shoun r+ilting of leaves are Left another year and re-
insculated. A4 increasing number of seedlings have been funoeulated sinee 1952
and now more than 301000 new seedlings are grown for thle purpoee every Jr@ar
at LtAesomption.

After a eonsultation with Dr" $wingle in Golumbus, Ohio the wrlter
and Dr. Hnnter of the Horticultural Dj"rrision in Ottawa in 1953, it had been
agreed to treat a nrurber of seeds with x-nays in view of obtaining nutations
whlch Eay prove resistant to the irrfeetion" In L956e a seed lot 'sas aleo
treated with Therrnal neutrons for the same reason. The result of these tests
for resistance up to 1957 Ls sunmarized in the following tabler

Inoculation Tests of El-m Seedlings
in trAssonption sinee L952

Year of Year of
inoculation sowing

No. of
Treatment lnoeu-

trations
Nunber of seedllnps

Inoeulated fnfectedI
I
I
I
t
t

L952

L953

1954

19t+9-5L

L9h9-5L
L9t+9-52

]':9t+9
L9t+9-5L
tg52
L952-53

None

tl
It

m

l0

i{

n

0

1
0

2
1
I
0

28e

33
Le3/{J-

33

15
1l&

I
0
6

701

L5
l+7

97
4r5?6
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Icar of
lnocu].ation

Iear of
sowlng Trcatment

Ho. of
Laocu-
Iations

Nuuber of seedllnsg
Inseulated Iafeeted
I

I
I
I
I
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I
I
I
I
I
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L955

t956

L957

L949
L952
L952-53
L95h
L95h

Lg52
L952-53
t95b

1955
L95h
t955

L952
L952-13
L954

L955
L95h
L955

Lg56
L956
L956

![onr
e
f

3
2
l-
0
0

3
2
I

0
3

21
2'5$4

l+16

1
I

19

I
6

70r
]'brO92

21698
n

X-rdyod

Sonc
l
n

io
X-rayad Itro

3
2L

2'58b

11000
415

t9r0o0

I
t

19

53
6

L1265

3r050
L9 rI+9O
l2'481

53
6

L1265

L
o
2

0
o

r85

846
4,5ih
3,4&L

4
3
2

![onr
n
o

i1
f,-rayed 2n1

None 0
I-rayed 0
T.[. * 0

* T'U. - Thomal-noutrons

Total nuraber of lnocuLated plantE in 1957 - 36J66

Durlng tho sl:c Jr€ars more than 70r0OO eeedJ.lngs have been tnoer.Llated
once and aometlncg trricc, ttrrtcs and even fou.r tines. Besulta of thle uork
indicated thet a large nunber of aeed,lings have euccuebed frou one inooulatlon,
and those whl.eh rrere not synptonatic the flrst year and have apparentJy reolsted
to thc attack nere lnfeoted after tno and thrae Lnocul"atlone. Olre tree fros the
1950 aced crop was not kllled by the fungua after.flve Lnoculatione, but was
t,boroughly lnfected and finally dled ln L957. Another ono planted in L952 Ls
etl.lL livlng afber slx lnoculationa. llowever, both trecs are stunted indLvlduals
rhlch bardly grow e\re"y y€ar. Thls carulot be considored as a resietant raterial
einee the firngrre developent ls llntted tn the snall wood vessels.

In view of srrrveSring for posslble e:d.atenee of reslgtant eLu otrains,
colleetlsas of seeda havo becn nadc Ln L95? and 1958 ln the Quebec clty area
and firrther north at tho border of the Anerican eLun range. Tho reault of tbo
flrst, tegt carried out this year lc aot, yct conplled.
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Since the American eln had not y6t shol,n definite Eigns of tolcrancr
to the disease, a nurnber of lrybrids of European eLn species with lon srrseeptLbl-
lity to the fungus attack were obtalned in Holland. In order to init,l.ate a
series of tests on the potentlality of such trees in Eastern Canada, sclons
fron helght elones, produced at the Willie Gomnelln Scholten l"aboratory in
Baarn, tlolland, r+ere i.mported last winter and grafted in the Quebec laboratory
greentrouse. As many as five and sonetlnes ten grafts were suceessful and are
now growiag in the laboratory nuraery. This uat,erial will be used for pnopaga-
t,isn and for testing their hardiness and susceptibillty to native diseaies.

Pop1ar lFbqid, Disease Besistangg

This projeet, initiated in L956c rae undertaken in co-operation
with the Harrington Forest Farm and the M,aple Experinent Station in view of
deterninlng the hardiness of poplar hybrids and their resistance to diseases
under the csrditions of Quebec. A nunber of clones provS-ded by the Hamington
Faru and Dr. Heinbrrrger were planted on the laboratory nursery for future
observatlons.

The first significant obeeryation on the conditlon of health of
theEe hybrids in Quebee uas nade ln the Hamington Farm, during August Lg57,
where nany poplars of a few years of age are se\rerely srurscalded and show
heavy top dyingn As reported by Mr, Jaap Salm, the clones which eould not
witbstand rvinter and spring conditions of L95'l a+, Harrington were the fol-lowing
onec t

P. angulata x gi.nonii no. ISII
P. berolinensis x $lnonli no" L885
P. candicans x berolinensis no. L978
P. ni.gra x larrrifolia $trathgloss no" L1060

$ince l{ay 1958 this proJect has been assigned to Dro M. G. Boyer,
who is now surveying diseases occuruing on poplars in Quebec. The nain aspects
of this problen io Ue investigated in tnfs ialoratory r'rlll be determined at
the earliest possible date when enough inforuation on poplar diseages r*1]I be
gathered.
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Report to Comrlttee on Foregt Tree Breeding
Jul.y, 1958

I[. A. Porter - Forest Blologr Iaboratory - Vlctoriae BoCo

General.

One rlng of the permarnnt Departnental greenhorse and headerhoree

naa ampleted thle sprlng ln viotorLa. A reeearch greenhorsentan hae been

added to the staff. Tbese ner faolllt!.es wtll bo of great assistange ln
the graftlng and prelLnlnary artlflclal lnooulatlon work on the bllster
nrst proJect.

In ao-opentLon rlth the Brltlch Colunbla Foreet Sernrlcee a two-sere

ortplantlng area for long-tem obsenratLon of some eeleoted whlte plne

oroosea ard graftlng aolona la betng oleared. In the dleeaee gardenu

wttlch Ig located on e forest aervloe nlrs€t.trr, routlne nalntenarrce arul

lnoculatlona were contlnred.

Aotlve nenberehlp la mlntalned ln the trestern Genetlos Aesooiatlon.

Tlhlte pl'ne oeed le betng oolleoted ln the ooagt and interi.or 
""glo*

of BrltlEh Colunbla for a pDov€narue etudy of the Northeastern Forest,

&perlment Statlon,

Testlne whlte plnes for resl.stanoe to blleter nrst.

fn Britlsh Co1umbla thls Department le reaponslble for testi.ng for
bl-lster nrst reaLstarre in weatern white plne fron coast and Lntertor

whl.te plne regiona,

Flve hundred graftg for thls yeartc ortplantlng were made frm Lo

ooastal- seleotLons rhloh shor varylng degreee of r€sistance in the dleease

gErden. These grafts lrplude 4 celeotlons prevlorely reported ae oar,rker

free, and stltr free, frm the Lgi;2-7 lnooulstlone; ard the beet 6 of
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the Ll selectLons prevlorsly reported having I to 2 eanker6. Beplleated

selectlons frou the Laterior whlte plne reglon reualn canker free in thE

dLesaee gardeno In one fleXd outplaatlng area ngst seleetlons roeelved

fron Ontarlo, WLseonsln, and fdaho renaln aanker free under eoudltlons

of heavy natural Lnoeulatlon' Solone fron eddltlonaL elonee prevf.ousl.y

eeleoted fnon tbe fleld and arnaittng reslatqneo teetlng ln the d1sease

garden, rtlt b€ grafted thls rlnter, Plantlng epeoe ls nor avall.able for
resletanoe testlng of pines frm othar pl.ne areago Approxtnately {,0 nan

days rere apent on thie proJeet tru:ring the paet yoar, an interla report
ls betag prepared oa the detalled progness to date.

Fbor*t danaee to ooaptaL Dgllslaa glr papllnaF,

ForrowLng the llovenbers L95ie srdden f,reezlng perlodu danage to
reedlea, buday trlgo, and trtnk was nsted on son6 eapLlng Dorg1as flrs ln
both ptented and nstutaL regeneratlon on the coaEt" The danage varted
grgatly betreea adJaeent ttrees on the apparentl.y esme nioro-e1lnatla and

eoil reglnec. $eeoru:lary fungt qutokly entered the damaged treoe throlgh
froot eracks or kllled port!.one of trunk or leaderr ard these fungL are

8t111 active tn mny treec cauelng a oontlnued dtebeak and oankero Tro

year8 of obeervatlone ou the danaged trees show elearly that eueh treee

flush otrt earller Ln the sprl.ng arrd have a hlgher bark noleture eontent

l-eter ln the fall than do the urdarmged treeso Thue the dlfferenee in
mrsoeptibil.lty to thls extrene, mtural envlromental condltlon dlffers
greatly betwsen lndtvldual troea, It le tlef,tnttely related to dtfferlag
duratlons of the groylng perloet of, lndlvtilual treee. all of tbe danaged

trees shoued varylng anorats of a ohareeterlsti.a frost rlng Ln ths 1955-56

annuel. rtng Jtrnetus€n Hany of the damaged trees fron sooke ou Vanoouver

rgrand shored addltlonar frost r!.ngc Ln the rgt.g-t+g anrt l9/r9-i0 aamreL
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rJ.ngsu lnclloatlng that Ln sone lndlvldual.s there ls a deflnlte frost

hf-story" No sueh frost rlngs were obsewed Ln the eeotloned heaLtby treeo"

ffeau,er records ehow that eudden freezlag con:lltl.ons tEmLpted molst-mlld

exteniled gronth perLoda durl.ng theEe f,€areo

li{any of the frost-danagedp enaeeptlble trees are ehowlng dlotrese

eon€ erops and conld be altractlve to eone eolleotors, Strch aeed, howcvern

alght produee a htgher mmber of froet-eueeeptl.ble eoeclLlngs than those

fren noa-dn,aagpd treeg" Tbus, eeed eollected from local. frost-f,reg areag

ory over periods rhea thar€ waE no froet to glve a natural solectlone would

i.lkely qontal.a e htgh nunber of fpost-ausoeptlble lndivldual-en

The orfgtnal. obJeet!.ves of thle study have beea eompJ.ated and are

belng prepered for publtcationo

Roferencee

Porter, So A. DLebaek of Donglas flr, fn Ceno Dept" Agr.

Foro Bl.oln Dlvo Bl-lflonthly Prog, Bopt, V$)s jo

1957,
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rorySg*sLlT_E j"qj a]m ryJ:FF{1it_ffimi,BFrEE4Fqg+aT tm

ffi,4]lry#{ FBSqs_ExFEEn{B}{q sEArrqs

by

Kelth W" Dsrnaa
IXSEI-{, Fsrest Servlec

Sor:theastern Forest E4rertaent Statlqr
Ashelr$LLe, N"0" r UnS.Au

I, 0bleetlve:
8o dlete:mlne tbe prfnelples of treo-to-tree aacl. raelal variatloae andl lnhErltanoeof eharacters in funportant southorn forest tress, evaLuate thelr lnport41oe laslLvleuLtural prae*leear drd appl-y tben 1n the seLeetlve breedlne oi raprorbilgtralng.

rI" Eeolal Varlatton

A. Gooperatlon ln Sonthwltle Plne 6eedl souree study wlth tbe forr aaJor speelesof sqrthery plne. Test plantlngs are cllstrtbnrtecl over a 5-State dfsgr

Bo toCaL (state-wi.d.e) stuales of loblolly plne ln Georgla and slash plne lnFl"oriila"

G. 0ooperation ln tnterraglonaJ- stuely of yarlati.on in yellow-trroplar anit Trh,it€plne ($outhern Appatechlan Mountalns ) "
D' oooperatlon ln a study wtth reit oak anil hemloek (Southera appalachlan

Morutalns)n

Eo variation i.n :resistanee to l4*tloleaf ln ehortleaf ln soutb eerolina and,- G€orgia (tr'orest Dieease Research Divlstsn).

rII. Tree-to-bee _Ee_=ia.! j-j._=

A" For sLas_h-yi":,variatlon ln restn yield, ryeelflc gravity anel traehetd J.angtbof the wood, vlgor, form, and resistanee to southarn fueifom, pugt,

B' For loblolLy plne, varl.ation ln woocl q@ity aael tree fo:m in Geongla andVlrginia,

c' For sho"tleaf plne, variation in resietance to Lgttleleaf dlsease (FonestDlsease Beseareh Dlvislon)*

nV6 Inherltqnee o.f halts (wftU eLonaLe one-parent, and two-pareat teste)

quallty, reslstanee to pests ln slash plne"
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A* Reela yleJ.el, fomo

B, fn LobleLJ_y plne 
u

Cn Ia shortieaf plne,

wood

fo:mn rcod quaJ.lty, andl resletanee to pesten

reststanee to lfttleleaf (Forest Dlsease Reseancb Dl.vlsloa).
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To Introtluoed Specles
!

A. PlnEe and a fer orther opeelee that uay br,, useful ta tree broedlng ln tbE
naval stores reglon ln Georgia and ELorld,a,*

B. Pines and otber softwoods ln Southern Appataehian ilountaln area.

C. Eardwooels tbat nay be useful ln +,he Plednoat for proetuetion of foreetproduets andl soll rehabilitatloa.

VI. Cooperatlve Projeoi;e_

A.. teehnleal gultlanee to ttre tree lmprovement proJeet of the Icl,a eaeoa
Callaway Founclatlon.

B. Teehnleal guldance to the Georgla Forestry Gomrlsstonts geed orehsrdlproJeet"

g. a.eelEtanco ln the eleveLopment sf seed eertlfleation progr@s rn Georgla
aacl South Ca:roltaa.

D? Sulrplylng of atucly rnaterlal to eoLleges anrl unlversltles, SouthernIastltute of Foneet C'enetle{, and the Forest P1loilucts laboratorT.

E. Partlelpatlon ln the work of tbe Cmlttee on Southern Forest rree
Improvemren! anil the Roglonal Technlcal Cormtttee for Pr.oJeet g-25r Foregtlbee Genetles.
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"T.J".iE IIfi;.AoImMEIfrr Af EE

O1TTC i.SHTCULTtTRAT EXPMft{E}iT STAfIO}I

'lrtr

m, g, Krlebel

L" lbee Breeilj.gg,

At tha pre$ent 'bl:ae, tree breed.tng J.a belng eoaeontrate{t ln Seotlou
Ce,rnbra of the sofi ptnsr Two obJeetlves sre the lnprovement of Ptqrrs stTobns
wlth partletrlar attenttsn tc growth rats arrd the prortuetien of as ![any hybrlcb
as posslble withS.n the eeeti*:n for teete of adaptablLity, folu anril Tlgqro
ftleeles erosses aite'rnptedl to d.ato have lnelud.edt strebuso fJ-axllls, grlfflthll
and rylllelq as fena:-es end pol-16n sllscl66 bavETffideE-@r@
erffli!4-.ll, 

. 
p-arfl ri. gryen mipt:i e oLqo g}!*ffi , ancl ramtgrt +FllBeLEE;--uupolllnated and. wind-pol-l"lnatett strobtLl are lneLuited ln tfe breedling wb.leh

began ln L95?. Siudles of tiare aarl duration or- stroblLus recepitvity in:ra-
lqtlon to seed yleJ-d are being macte in 3lq*s -g3ebr+q, rr lgFB about PB00
flowere were poi3.l"nateclo the Large maJorlty on _gtrgbl$r"

Prggeny testing,

Several hunclreet seedllngs resu3-tlrrg frsn earlter lntraspeelfle eroseee
fn SggE sgceh-artrry are llnett out Ln the nurseny and wj.Ll be pl-anted out ne4tyearo These trees wiLi be useal to test laher.ltaaee of sugar eoatent of the sap,
andl. lneluile puta+"l.re erosses ef hf.gh x higb, hlgb, x intermeillate, lew x lnter-
mecliate, antl Low x lmw. ?here are qulte a few seedllngs resultlng fron se1flng.

Ve ge tat iv e*_prc.rp asgt I QS an4, -e_gt'q}Uf t,sbeent of gee

Abor:t 35 eLonee erf s'trgar mapl.e hase been propagated by graftlng ancl
buelcting' Greenhouse grafting lne3.udeit a nuLti-f,aetor stud.y of faetors aifeetlng
suryLvaL and growbh of grafts" Au eLeetrteally-heateet b,otbeel ancl a lath houeo
3r? y*d in conJuetlon with tbe greenhouse, Buddtng has been falrly sueeesefulnbut l-ess eo than grafti.ng. Outdoor grafti.ng ln the nursery has been qrrlte
sueeessfid.u ulhen higb.-lualit-v s,:ion materlel wae avaiLabLe. unfortunatelyn thlels frequently not the ease with srlga^r mepj.eo

A seed. orcharcl of sugar mapJ.e was -plantecl in lg5g, eonslsti.ng of trnenty
Eel-eeted elonesr some of ortets averaglng 4f6 +o ffi srtgut eontento Ranets frontrees ln Ve:mont, Sew Empshlrer Massachusettsn Sew york, anit Ohle are tneiuded.
The oreharcl ls pJ-anted on a 50? T gOn spaelng, nsing the triangular tayout
eleserlbeil by Langner (Zeltmh:, tfir Forslgeno 4: gf-gg), -

Graftlng of soft pines on Plnue strobtle has ineluelecl the followtng
speeles ancl euttivars: keralensiB, plF€f6EErv,f€fera pgatgpEylla, flerili,e,ePirrltntr, !*eqg, ,avggahulte" several eloaes of eaeh ffiG_E; being prropagateaT- I-EiG?Ting
arbbretr:m wlL1 be etarted tn Lg5go
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In acldtltlon, other
graftedl on Aeer -gg@, ln

Eaee studles

M.

subelrecleE and eulttvars of harcl napl€ wero
1958.

A eonpreheasivs raee study of Aggr saeeharurg lncludes about 45
se6d aources, 1\ro perranent erperlnental plots have been establlshedl,
one ln northern Otd.o ln 1957 anet one 1n southern 0hlo in 1958. A Eeeoelllag-
Eourceo pLot was also pl-antedl ln 1954 at Wooster, laeluellng troes fren 18
sourcas. A soa1l plot was estabLlshed ln Florlila ln Jan1rarry, 1958 to
oqtrparo response under a retlleallydtffer"ent elayleagtb-tenperature regime.

A eertes of oak genotyae pLots has been establlehedl at Wooster
ln eoolnratlon wlth the Morrlg Arboretr:n tn Pb.11a<1e1phta, urhleb furalehed
the natertal. t\nanty-two Anerlcan speetes anrl frm one to sfiteen geedl
sources por speefes ar€ Lnclucledl, a total of 101 eolleetions, wltb threc trses
per collectlon.

Proveuance teets of shortleaf plne from slx northern sourcea
from ffew Jersey to Mlssourl have been inttiated.. Ehe flrst phaee ls ln

:booperatlon wtth etritrmlae reeLanatlon researeh astl 1s a greenhouse test
of flrst-year seeclllnge on two typea of spoil naterial, on€ wttb a BE of
5"6 and the other wltb a !H of 6.8. H1gh1y slgnlfleant ellfferenees ln
grorbh rate have been lcleatlfledi the tllffarences are reLated to seed
ontgln ancl not tSrpe of spol} naterlaL ln wbleh the trees ar€ growlng.
Phosphorus snil nltrogen deflcienciee are eommon to atl Bonroegc A sinllar
test ls belng conclucted. of Plntrs etrobus from two geographte orlgins,
rltb no dlfferenees as yet 6ffinTl-86 orlg!.ns are ".sl"m fannegsee and
eentral Ohlo"

Raelal tests of Plnus strobus are planneel, ae a part of the large- t
ssa"le inter-reglonaL stutly, ln cooperatlon rlth the Central States Statlon t
and the trortheastern Statton of the Foreet Sewlce.

5. Clonal tests and selectlon test,s.

A serles of flelrl tests ie belng inltlatedl of ten
Locust, ln eooperatlon with the $oil conservatlon se::nlee.
of Caetan_ea nolliselna are al_so under test in a pLot now in
ln soutbern Ohleo

clones of blaek
Flve seleetlons
tts fifth year

An e4rerlment was establlshecl ln 1958 on slx-year-oLd trees ef
Plnue strobuso uslng varlous nodifieatlons of the phloem lnverslon teehnique
t,o evaluate the effeets oa vogetatlve and reprodnctlve behavlour" Slx
treatments are ineludeil ln the erperlment.

speelal studies of norphoLogieal antt ph.vsiologlear varlatlono

A studty of geograpbie varlatlon ln root eystens of Aeer saeebanr&,
was eempletedl ln 1958r anct ls belng preparedi for pubJ-ieation. BesuLts show
relatloaships between root ancl stem norpholory of four-year-olrl trees aad
dlrougbt reslstdnee of first-year seectllngs, Eeotype etifferences a"e very
pronounced.

l.
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fuo factoriaS.Ly-d,eslgned stutiies of ehllLlng requlrenent ln relatton
to provenanee were maele ln l-957-58" A stucly of AggX saccharun lnelutletl trees
from four sourees at 500-'m11a north-south laterv&le, and'eight lengthe of
ehil-11n9 periotl. PhenoJ-ogleal observations, nadle at weekly intervals, showedl
systenatlc cllfferentiatlon between genotypes" A slnllar analysls of Piaus
strobus of two ori6lns was evaluated 1n terns of sten elongatlon* In both
sBAffi; the mlnimram chllllng requlrenent for normal buel-breaklng ms only a fer
weekgr even for the northern trees, a.Lthougb. northern naBlea wtth the shortest
ehllllng perioil, ending 0ctober 16, were Just breaklng bud on .Auguet 1.
Analysls of theee studles 1e not yet eompletecln
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AS$UAL ffiPoBT 1957 -.58
FOBESS MEE BRffiDING AND JENETICS

AT

YAI,E WISERSIIY

by

Frangols Mergpn

Aeslstant Profeesor of Forest Cenctlcg

Gradtuate Studlgntg Wotktns on thelr Phr_D. DleFEqtat!.o+.

Sl. J"R. EeWllllam completad hls research work on the varlous pbases of la-
coapatlblltty ln Ptnue anil hae prespnted hle dlssertatlon to the Grailuate School.
Ehe tltle of the diesertatlon ts, npolllnatlon, polIen ge:mlnatlon, anrl
lnterepeelflp lnconpatlbll-tty tn Ptnre"; IIe fountl signiflcant resu1t6, as set
fo:rth ln the Digest of his cllssertatlon:-
rthe obJeetlve of thls studly vras to lnveetlgate the problen of lnterspeelfie
lneompatlblllty ln Plnus. For thls pur.pose eertaln aspects ef polJ.tnatlon andl
pollen ge::minatlon rner€ studled to providle the noeessarlr baekgreunel for a proper
unelerstantling of this problem.

nAn lnvestlgarbion of the polt"lnatlon meehanlgm revealed that the reeeptton of polJ.en
on the mleropyle ls a chance phenomenon, and no evlclenes rlras found to sr:ggest that,
bloelectrleal" forees are invoLvecl ln tbis ppoeess. One on the mleropyleo the pollen
ls eonveyeel to the nuceLlus by the mlcropylar fluiil, rdrleh ls procluced tturing the
perlocl of po1Llnatiotr. fhe proctuetlon of thls fluid is a constant feature of thc
genrlsr atrd reseables the phenonenon of guttatlon, SIo stage clurlng polJ-lnatloa lmposedl
any r.est'rietion on the 6uoe6ss of lnterspeelfte pollinatlon, ancl in aLI the erosses
stuelleel, poIlen gralns reaheeil the nueelluso

nlhe influaace of eertal.n envlronmental faetore on poLLen gerurlnation tn vltro haa
been stuiltedl to obtaln a better underetancttng of the pbysiology of poLLen SrolrtUln Ylv9" lbe lmportant feature of the growth of plne polLen ls the long lnterva!.
between poJ.liaatlon antl fertlLizatlon. fhls pnovldes favourabl-e eonclitlons for
selectlon to operate, aad makeE the nueellus effeetiva as en incompatibtltty steve
agalnst the pol1en of another speeies. Follen geruinatton $ vltro respondled to
ehanges ln the envlronnent, and wag most seneitive to ehanges ln the ehenieal natwe
of the gerplnatlea mecliun" ilhe effeet of temperature was nore linitlng at hlgh than
at low values, exeept rrhen the po1Len was subJeetedl to low tenperature clurlug
tnblbltlon. Dr:ring hot reather, tenperatures lnsltle pollination bags used for
eontrol-polllnatlon ean reaeh a leve1 tbat ls Lethal to gemtnating po11en. Thte
problem eau be overeone by proteeting the strotfil fron cllreet insolatton.
rlneompattblllty between eertaln pine specles appears to be ineonpleteo tnclleatlng
that reproduetlve i.solating neehanisms are stiil evolvlng ln tbls gaffisr fhl€
proeess has been aeeel.erated by geograpbie separatton. Interspeeiflo lneonpatlbllltyls genetleally deternlned, a:rel aets to prevent the formatlon or surqival of hybriil
zygotes. In one eros,s (Auetrian pine x redl pine) *teU wae studied 1n detatl, ehemleal
dllffereaees between tbe ovtrles of the two speeies may be one of the prlnarT eausee of
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lneoapatlblllty. tshls appears to affect the abtllty of the pollea of one Ep€cies to
elther germlnate or ftrnetlon effectively ln the nueelhls of the other. frle fuae-
tioaal fallure of the polJ-en tubes eaused tbe breakclowa of the gametophyte, andl the
ultlnate eolJ.apse of the ovule, Dlfferenees ln the pattern andl tinlng of thc
lneonpatiblllty may refleet the ertent of the genetio dlverslty between the elneteere

Itr. Henqy C'erbold ts stlll worklng Ltt -absentla on hls cllssertation entltleel, rGenetlc
varlatlon ln needlle coloratlon of Seotieh-. Bine.n tr&r. Gerhokl has ecnpletect aL1 hie
fleltl and laboratory analyses aadt ls presentJ.y mrklng on the statlstleal analysle
of hie resultg.

Bcseareb lFork Ccmpleteal:

1. PlstPlbutlq?,of,,Igaetloq yoog ln,-easteTn hqnl-oek as a ,in+etlen of ltp termlnal
growtbn A rElatlonship was sougbt uetweea the stera
henlsek trees anel the type of woocl prodlucecl. As a result of lts peeultar helgbt
grorrfhr irregular zon€s of cempresslon pooel were fo:meel. It waa postulated that theEe
zone{t nleht be lnvolvedl. ln the lnitiatt.on of rlng shakes"

&e growth pattera of the temlnal shoot was traeed cturlng oae growing geason and there
was a stroag correlatlon between the errrvature ancl orlentatloa of the leadler andl ths
rcactloa wood whleh was pro$uccct. By preventtng the leaalers frm tlrooplng clurlng tbe
grorlng seasonr Do cortpression wood. was for"ned. By subJeetlng g3een seetions of hsnloek
stms to freezing ancl thawlng eycles, and bentllng thesc eeetlons gently ilurlng the
frozen state, ruptures between normal wood and reactlon reocl cella were produeedl. Tbese
nlnute feilures rshleh are brought about by cltfferential lnternal stressee nlgbt be
eonparable to shearlag failures uhleh eventually enlarge to the slze of the eomoa rlng
shakes ln the bsles of livlng henloek trees.

Tbo resul.ts of thls stutly appeared tn the June 1958 issue of Loqggg fleienec.
2" . Stutluate floueera rgere obsetred
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on tr[ugo plne seedllngs that weie grffirr ana were less than ome
o1c[' The catkins were of no:mal Jfze 

"na 
the po]leo *i* fully developed at the

of sheddlng. Both pereentage ge:nlnation and tube growbh were nortsaI when tho
was euLturedl ln <louble dlstilLeal water.

The resuLts of these obsernatipan appearetl as a short
Steve Cuttlng as co-author.

artlele in Foreet Sclence, rltb

5. Iltat l_t_gle€h piqe, AbnormaL slash plne seedllngs wBre eolleetedl
lna e Nursery for a eybol-ogleal sturly. The frequeney of these abnomal
seedllngs ln the nursery bed.s was about O.0OO2 per eent, ancl their subsequent sutrrival
ancl growth was greatly hlnctereel beeause Uoth their roots ancl shogtsrere depregsedl.
Sme of the seedlllngs were verlfiedl to be polyploltte (nixoplolds), bavlng ih"mo"sn"
eonpLements of 8n, Bn, ancl 4n.

&c resultg of thls stadyn
aeeepted fon pubLleation in

along with photonlerogralhs of the ehromoeomes, heve beea
Forest Pcienee,

!: Chro4ogsne.aunbcr oilPeeudolqrix gnabl1ls. A ehrsmosome eount af ZZ ln baplolrtttssu as been reported, but the actual nunber ln sonatie
tl'ssue uasG6:min vffid" By foreinl several goreleu lareh trees it was pesslble
to obtaln tissue suitable for a chromos@te eounto A total of 44 ehromosos.es $ras
observed ln alL of the eells undergolag nltotie cllvtslon.

A note on thls, aloag with ittiograns of the chrqmosomes, wilL be preparecl for Eroptea1
Woode.

year
tlne

pollen
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5. Tbe eytoloFy o{ fertll!4a.tlon ln Pinus, iqLth the eooperatlsn of Mp" MeWlil.lan,
an attenltt was naele ts foIlow the movefient of lnillvidual ehronoeomcs durlng thc
aetual fertlLizatlon procegs ln Anstrlan pine. A report on thls work wlII appear ln
the Botanleal QqEette. AJ-ong wlth the cleserlptlon of syngarry tn Austrlan plnc, a
paot@presentedoftheg8q{reneefrou.thet1medentbetwogps!m
nueLel enter the egg untll the fLret twe free nnclel of the zygote are fomed.

6" Colch,lelne-lndueeel golEloLdy ln ptnegn PolyploldV s,ae iniluceel la plnes by
treatlag seeclu aeeclllngsu and male stroblll vrtth eoLehtelae. ftre resul.ts have beon
sumilarizetl ln a reportu and, w111 be publlshect elther ln the JouFoaI of ForestlT or
ln Sllyae Og_netl=ge.. lhe manuserlpt ms ctivlctetl lnto three matnparte:-

8r Treatment of seed anct seedllngs of sLash ptne, Pinue eLltottll Engile.r wlth eoLehlctne.

b. CcLture of slash plne embrJros on colehfelne-enrlehccl agaru

Ge Treatment of nale stroblLl of three speeies of plne wlth eolcblelao rlurlng
melotie ancl post-rnelotle illvlstons (Loblolly px.ne, p_lruls" laeb r.r austrlan piac,
Plnus nlgra ArnoLdt, and, Mtigo pine , p.Sggg. er4g n r*aF
?r , Photo8yat$ette effleteney of poLyaLotet sl-ash p3.ne" In cooperatlon rltb Dlr.
Bourdeau the resplratlon and photosynthetle rates of dtlpl"olet anil.-,.pel.yplo1d slash plnes
were cletprmtneil. It wae feund that polyploi.& shoots hatt a lower ratE- of photoeyntheslE
than etlpS.oltl oners, whlLe thelr resplratlon rates were aboqt equaL. nrfe n11gbt 

-

aeeount for part af the retlueed rate of gowth of po3-yple$.d sLash plne trees"
The manuseript on this phase of the ooiyploid.y stutiy wiLt be submtrttect for pubtleatton
along wlth the artiele rcentioned. unaer (6)"

Researeb Work tn pr :
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the abnorrmal I, i*aiut* **affi"
by a spontanfrus mutatlon.

of abnorqaL ata seedl "rtloeatecl ln our nursery
is antlclpatect th{t
nlght be po-LyploLdo

9. . 
R?ollne ol,n"",alg_!g#4.-".got . uslng uaodtfled ttssue eut-ture

T'ognnrquesr attempts are macle t'o tnitiate aclventitlous roots on exclseel neocl].esfesclores' Prellmlnarlg attempts have been gueeeesfu"ro

f ! Altlgyellpe, ?f sgyef_a1 sreeci.gs of gtngs. In eooperatlon wlth Hr. Cuttlng, feitB1neantlSeotehp1netreeffi3ootsbynan1pu1"at1ngtheenvtronnent
and varflng t,be ehemleal treatnents,
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9o Stuctles en flower_Laclgst:!-gr. ?here are several studlee ln lrregress oE the lnrtuetlon
ef flowers ln Mugo plne, reil p1ae, sancl pine, loblolly Blne, eteo

10. Breecllng plantatlong. Al-l- of the breedlng plantatlons haet to bc ltftert andl tbc maln
ana@esandharelwoods)uaie.beenmovetttotheGreatfiounta1aForest.
The apnrec bybrids and other speeles fron our nrlrsery have been movecl to the Yalc
Bursery ln Few Faven. tshese treeswill be movecl to the Great Uouxttaln Forest clnring
the spring of 195g.
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TREE BRtsEDISG IN TffE cAlilPINE, BELON'M

by

A. de Jmbllano

Gencral

The Csntre ele biol-ogie forestierc de BokrlJk is locatedl ln tbe OsmFlw of
north-eastern Belglum. lbe carnplne ls an area of eanely soiLs anrl heathlandle.

The Centre waa oetabllshetl ln 191t9 by prtvate ancl pubIle woodl owaers ,.a
two Provlncesr nalnl.y- Limburg. The work is supportect by the IBSIA (Instttutc p@t1t
ltBneouragenent cle Ia Reeherebe $eientlflque dtargltlnclustrle at lrAgrleulture)r an
organlzatlon eomparable to the Canadlan Research Counel1. fhe research ls superrlseel
by anct ln elose co-operatlon wlth the University of Lofivain, ffille the Fr.ovlnee of
I'lnburg provides tbe establtsbment anct rnalntsnanee of the Cen$re.

the aln of tho Oentre ls to promoto sllvtculture ln lts broatlest aspeet.
The lnerease and lnprwenent of wood prortuctton on the poor solls ta the eqptnlao
la espeelally inportant. The eentre has the fotlowlag seetlons: Forest PeaoLogy,
Mlcrobtolory and Sollehemistryr ZooJ.ogy, (catsnology antl soil fauna), and. Foresi
Genetles.

-E-ach sectloa has 1ts own program but all eo-operat-e-, bn probLeme sueh as
eroslonr ancl new teehnlquee ln eiLvtculture. For lnstanee, the Gencties scetioa
eo-operatoE with the Peelology seetion to prodrace growth eur.res as relateil to eoi!.quallty for tliffcrent tree speeieso

Gcne_tle $ec$iga

&c genus Pla,ae ls important ln tbe Camplne Weodlandls, beeauec of tbcpoor soils there. hyo linee of studly are pprsuedl: I,ro,venanee aad populatloa
gencttes of various plno speeles, ancl inter- anet tntra-qreclfle hybrid.ization.

Plovenanee ancl populatlon Gcnetles

fhe matn purpose le to stucty the pbenotyple anci genot5ple variabilttywtthin the speelee-"aad wtthin the populatlon. fue-proeertuie of clearentting anetreplantlng wlth pLants of unknom orlgla ufuich 1s ecmunon ln tbe Canpine nakes th6genetle value of the stancls a uystery, For lnstanee, I elo aot kaow whether peorfsra antl growbh ls dne to heavy xrodsols or poor genotype of the trees.
We attenpt to solve thls problen by plantlng provenanee trials ondlfferent soil tyBes, ancl also by stuctylng tie growEh potentlals of cllfferent sotltypes ancl elralnage eJ.asses.

fhs provenanee cxperiments ipelucle both erotle anit l-oeal provenaness.fhc exotic provenanees are ehosen accord.ing to a Latitnilo gradient, whi].e bothgootl aad poor typee of the loeal provenaneJs are testeil. Eaeh of ihe toeaL p ovenaneesls representecl by 50 trees seleetect at random. Bbe progenies of these elngtc treesare kept separate for further stucly. This teehnique is-wit for both ptaue-nlg.a andPlnus sylvestrie*
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The varlabillty of local- provenanees (whteb may be second or third generatlon
ln the Cmpine) are eonpareel wlth orlginal exotle provenaaees. &e empino provenauecs
of Seots plne are very varlable whleh ladtcat,e thelr nlxeel origtn. Controlledl
polllnatlop of a nusber of selectecl nother trees wlII ylsful further lufqpattoa about
the varlablllty of the Omplne provenances.

Hybrld.l zatlon Propnan

thls program tncLudes lnter- ancl intra-gpecifie hybrldlzatlon. Interspeelfle
erosses Ua^.f-at been perfo:merl with Plnus sylvestpls and Plnns nigra. Prsvenanee
hybrittlzation fn pinus sylvestris $ras tlone with ten provenances (Branttenburg, Scotlancl,
Pln clrAugrerae, Sweclen, Bnlgary, Canplne, East,frussta, Bavarla, Rtga (Latvia) ,)i

Dlfferent varlettes of Plnus nlgra (carananiea, ealabrtea, and Anstrlaea),
antl a nunber of loeal phenotyplcal types of Ptnus ntgra fountl ln the Callttrrlas have been
erogsedl. Sheee erogs€g have been nacle as test erosees, ustng oao mother ancl many
fathers, Thc erosses Plnus sylvestrle r plnaster and Plnus nigfa r plnaeter bave been
sueeessful. Tb,ese hybrt<ls nay eventually display hlgh resin ylelcl ancl shoot moth
raglstanee. fhe hybrlel between Jaek pine antl lodgepole plne clisplay no baterosls ln
thc Cmplnc.

. Lbo slngle trees of Plnus ntgra calabftoa sr€re crossed wltb one trec of P.
sylvest:ril.s and three tllffereat trees of Plnus ntgra. Thc Plnus nigra pollen parente
proiluceil dlfferenees ln secd welglt and geed set shlch were supeg:!or.. to open
poll.tnated secd, &E,'P.sy1vestrts parent showed no sueh relatlon. It ms fouad that
there ls an optlnrm ntmber of seed per oones where the seed reaches tho beat dcvclop-
nentn

I
I
I
t
t
t
I
I
I
I
I
I
t
I
I
I
I
t
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

!

Q-I5 "

ryoRr$r msE IMPRq@IE{T

AT HE NOTTTUSRI{ INSSTIT]TE OF T'OREST CANETICS

Hans Nl.anstaedlt
tsko States X'east Experiment $tatton V
Northsrn lastltute of Forest Gonetles

frlnclancter n l{isconsln

INTRODTICTION

5bc Sorthern Iaetttute of Forcst Genetles ls onc of, threc ffloh ttrBtttutcs
nalntalncdt ln the Unltsd Statse'by thc Forest Servlce. the two othere are at
Gt[f,port, Mla8. p and P1aeerrlllen Calff. The faetllttee at Rhlnelaneler warc opcaa6
about a yesr ago andl vvhat ls tbere now ls onJ.y the beglnnlng. Ws are at prescnt
lu the plan:ring sthges of another bulleling andl adtdlttlonal greanbouec Epao6 for whleh,
funcls are avatlabl_s. ,After eonplettonn the new buildlng shotilel aeeounerlate sevaa
profeeslonal men plu.s subprofesslonaL alcles. At present, we are staffad anel aqulppcrlfor work ln genettes and pbysio3.oryn but e'rentually we shall aleo eondxrot studles lu
cytoLogy, pathology, andl entomologyo

_ BoLng newn we hats very few resuLts as yeto Ia the fotlowlngn I shell
descrlbc eone results very brlefly anel outLlne our more Lmportant eurrent work:

TRffi IMPRO\TBfEI{T

SBrtrec, epeelfleally rshtte spruee, ls the spaclcs on vlhleh we ars
eoneeutrating our work at presentn fhts eholce ls based on the growlng intcreet lu
sltruee nanagensnt, on p1antlng stoek d.enanet, aad. on the fact that nost nonr8edera.l
efforte ln tree breeellng ln tbe Lake States emphasize the plnes andl broaclleaf
spegies.

The work eo far has eentered eronnd. the eleveLopment of researeh teehniqueo
anet the etudles of varlation 1n ffi.i.te spruee, It bas tneluaea stuctlcs of (t) r.ef*f
antl eeot5rpe variatlon, (8) lndlvietuaL tree varlatienr.tg) graftlng teehnlques, (4)polllnatlon teehniques, and (F) seleetloa of p].us tree''e.

Rqclal Varlatlon

In one studly 29 seed sourcos of rful.te spruee, eoverlag thc cntlre rango ofthe speel'es froln alaska to Malncr Trere soedledl in ogr aurser5r thls sprlng. wo owa our
tb'anks to m&ny of you bere tn Oanacta for help wtth the seecl eol]-ectlone for thie study"

- Another stuily invoLves 19 sourese of white spr.uee frm the UBper pcnlnsula
of Uiehlgan. In ltr I0i8 are trylng to tlete:mlne ffiether qr not illetlnel-eeotypes havEevolvbcl as a result of the veqy drastie ellmatlc dlffereneas wc have ln thle othem!.sefalrly trnifom area. Baeed on the developraent iluring the first growbh perlorl in th.cgFeenhouse, alL we ean say at thls tine ts tnat ctlstinet iltfferenees betw€ea sonreea

y a fter.er unlt sf the Forcst ser.vleeo u. s. Departmentof AgriealTure.
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are evident, To a l.ri:'ge extent t,hey appea? to be lnd.epenclent of seed welglt; howevern
I'Je ;.'nlre not yet conpiied. aII the climatic ilata neeessary for the eompLete analysls*

Individual'Free Varlat_ion

Prellmlnary studies of tndlvtdual tree varlatlon in vfilte spruce gotunder
way this summer* Our obJectlves are to deternrlne the range of varlatlon of thc
more lnportant charaeterlstles, sueh as: (r) Growth and vigor, (2) wooa quaJ_tty,
and (5) branch eharaeteristics--for exaraple. dlaneter and Lengfh" For the Bresent,
ste are trytng to d.evelop smpllng teehnlclues, ancl have Limltecl ourselves to wooclquallty ln tel{ns of speclfie gravlty. The relatlonshlp between ring dAthg Eg€rpercent sum.erwood,, and speclfie gravlty ls belng stud.ieel on semplee fron 120
plantatlon-grown ishite spruee 5? years of agg.

ULtlnatelI, w€ hope to clevelop lntllees for the seleetlon of superlor trees
andl for evaluatlng progeny.,

Graftlne

Llke ltark Eolst, we have concentrated our efforts on falL graftiag" Iu
one study we have trlett to cletermlne the effeet of rootstock aetlvlty at the tlmeof grafting in September on the percent ntaksnF &.e growth of the rootstoek was
controLlecl by a ccnblnatlon of temperature andl rlaylength treatments^ Iloweyer,
they had Ilttl_e effeet on graft suwlval"

Treatmant after graftlng, on the orther hanrl, hadl marked effects oa eurvlv.al
and grow0h. Treatnents wtrleh tlrastleally ehanged the phyelology of the stoek plant
at the time of graftlng lorrc:red percent rtakeor the best treaiment csnblnatloa ig
long-clays (20 hours) for 4 weeks, followert by short-ilays (lg houre) for I reeks, and
then I weeks of chilLing at 560 to 40o F" before the plants are returned to the green-
house. By repeatlng thls6ehecld.e beginnlng tn the rnictitle of March the fo3-lowlng yeap,
the pLants sdll be ready for the eeeontl fl-ush of growth ln late May or early Junco

Polllnatlons

].trork in polltnatlon so far has been llmltecl to the testlng of baggiag
technlques, stuclying the perlott of reeeptlvlty, an<l testing the crossablUty wlthln
the genus Picea' As erpeetetl from Mark Holstrs e4rerlenee, a eombinatlon of a vlseose
caetng bag antt a kraft bag was the best. Female etrobll_l are lreeeptlve over aperlotl of 5 to 5 days beginning at the tlne of tbe flrst poll.en frtgbt, anel thle
reeeptlvity is well synehronlzecl throug[out an inctlvidua]. tree" ttese results
subetantlato earlter reports by Jonathan W. Wnlght"

The SeLeetlon of Pl,_us_Tbees_

The number of p]-us trees reported has so far been beLow expeetatlons and
we have" therefore, held several tralning sessions wlth fiel-el personnel thlsglllilner* The resul-ts rematn to be s€€br
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TRSE PITYSIOLOGY

Dr, Phlllp R, Larssn ls earrying out our research in tree physlo!.ogrn
At present hts work emphaslzes the auxlns ln (1) the forsatlon of sprlngwoodl anet
summerwooeto (P) ftower tnd.uetlon, ancl (E) roottng of euttings, Ia actctltlonn hc
hEe workedl on tbe effeet of gibbereLlie acld on burl ilorsaaey of a number of
harclwood speeles ancl eonlf,ers.

lhc Forn?tlon of ,Sprl+gwoedt ancl $r:me!:sooel.

Thc fonnation of sprlnryoocl and stuumerwooct le stuelisct tn searlllag andl,
physlelogteal.ty mature recl plne, Dtr. tarson ls worklng ea the asswptlon that
the change frcm sprlnryoocl to er:mer weoil i.s assoeiateel wlth t hc ternlnatlon of
clongattoa ancl that the eontroL is heruonal in natureo

f?eatmente ef seeilllngs have attenpted. to (:") lnduee sumet:wooal
fomation on the one hancl, andl to malntaln sprtngwooil farmatlon tbrougf ho::noac
appllaations ln splte of thls incluetlon on the other hando (a) tnauce the
formatlon of faLse rtngsa andl (g) Aetemine tho effeet of ilebudillng on annual
rlng formation in seeill_ings gr@ under vartous photoperioels. The coursc sf
growth aatl roocl forrnatlon has been reeordeel at lnterva].s after treatuont. Tb.c
treatnent effects ou wosd formatien have not beon cletersLued as yet.

In the uaature treesu the auxln eoncentration tn tezmtnal shoote bag
boen dletenmlned at lnterval,s cluring the growtng season, ustng a combtnatlon of papBr
ehromatography and Agege. eoleoptt3-e blo-aseaye. At the same tlme, sanples have bcea
eollectetl for trre affirnatioi. of the tleve].opmentaJ. stage in xyJ.em formatlon. A
change ln the auxln eoneentratlon appanentty takes pl-aee ilurlng the seasoa, bgt
&otber lt eornesponcls to au5r change ln the wood. belng Lalcl clown hae yet to be clctcr-
minedl.

One of tJre oar3-y probLens ln thi.s study wae the intarfsrenee frm reelnoeg
compountls ln the quantltattve assay. h" tarson has been able to overecme thlspartlyn eo he now ean use the bfo-assay method, He stl.ll has not becn aHLc toprevent streaking on the chrruaatcgrans so eonp}etely that he ean uso the elcnsltometerfor his auxln cleterslnations.

FLower Incluellsn anil tho Rootine of Cuttlass

For the stnd,i.es of fLower incluetisn and of the rootlng of cuttings wG
proposc to nse tbe tissue culture teehnlq*aes, 6? more paStieuLarLy organ cuLture.
i{hen looktng for two parttcuLar types ot-itssuei roots and flowers, sE belicve it
wouLcl bc slmpler to stant witb a:l already dlfferentlatecl or8an rather than wltb a
nass of undlfferentiated cellso At prcsent Dr. Lsrson ana Eert E. Wolter--one of
o&r sunmer etBdents--&ra working an methods of eterllizlng iletaeheil br:cte anct stem
Bleeee wlth buils attaehed, It ls s illfficrrlt problcmu uut solarr progrese hae beeg
maelo and wo ars eonfittent that a nethoel. can be developecl. lbereifter thc probtea
of fLower lacluctlon and roet formatton can be attaetseel ln any nwaber of ways: frosthc stantlpolnt of ehemieal_ or physleal envlronnent or a embinatlon of both.
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Srnaiicr S_bUjlies

A nunber of srnaller stud,les 1n physlolory have been macle. Gl.bberellie aeldl
aay ,-rcriiaps be useful in shortenlng the forcing period of rnale flowers eslleeted as
early as January 10" Best resuLts '*rere obtainetl with Acer ancl Prunus. Fojllen yleltte
wlth rietql-a and Populus were low, but ean probably be Geasca-6ffnprovlng the
forcin,q environment. the ef,fects of the glbbereLlic acltl on pollen viabiltty havcyet to be determlned.

The ch1l1ing requirenents of drite spruec P-year-olcl seetlllngs have bcen
cletersnlned to be 4 to 6 weeks for fuL1y developed buds; partlally developcd bucle
apparentl-y requlre more ehil-ling, 6 to I weekg, and their growbh cloes not ccmpare
wlth that of the ful-Iy clevelopecl buds. Long photoperlocls partlally compensato torlaek of chilJ-ing. Incid.ental observatton on oLcler seetlllngs and grafts fromphyslologlcally mature treee lnd1eate that the eht1l1ng requlrenents nay ehange asthe trees grow o3-cler. the stutlles are belng repeatetl, uslng several seeil sourcEsof whlte spruee ancr a number of erotre spruce species.

HI,AI{S! I'OR THE FUruNE

Thcsc, then aro our results anci endeavoTs up to the preeent. With our
expancling staff antl facl.Iltles, our plans for the future are far from cleflnlte.The ernphasis Tvill eontinue to be on spruce, but we wlll undoubtedly take up othergenera fa'lrIy soon' startlng sLth Betul-a antl adding other specles inelucttig thoseused ln Plalns shelterbelt planttae.ffi go along.

I
I
I
I
t
I
I
I
t
I
I
I
I
I
I
I
I
I
I



t
I
I
I
I
I
t
I
t
I
I
t
I
I
I
I
I
I
I

Q-l7.

A SI]MMARY

FOREST-ItsEE EFROVEMB{T AT TTIE USITERSITTT OT }{ISNESSTA (19q8)

Seott S. PauLsy

Treo lmprovement researeb at thc Unlverslty of Hlnneeota was lntttateel
ln the pertod 1999-45. Dwing thlg tlne Dx. T. $chantz-Eansan establlsbedl a sccdl
souree stuily of Jaek pine deslgned to assess thc elogpee of genstle illverslty that
cxlsts within tbe speeies throughout lts natural range,

Later, ln 194?, Dr. D. P. Denean tnltiateil seLeetioa ancl testlng stndlce
of poplar, eln antt blue spruca. The primary objeetlve of this work has been t'o
leolate harclyn elleeaga-resistant, and vigorous nraterlaLs ad.aptetl fon windbreak and
ornurental pJ-antlng.

In 1955 the Unlversltyts rescarch ln the tree genetles fielA was crtrlanelcdl
and a grad.uate tralnlng progrartr was est,abllehcd. In additlon to lncreaeecl Unlverstty
support, vtta1 eontrlbutlons to tho program have bsen macle by the Gharlcs K. BLanilla
Foundatloa of Grancl Raplcts, Minnesota and Rcsourees for the Future, IEe.r Washlngtonr
D. G.

![ost of the brlcf3.y surmarized proJcets below are belng earrlcd on throug[
the asslstanee of gradluate stuilcnts.

Moclc of Inhorllance ln Populus, SeverelFo and backeross progenlcs lnvolvlng Europoan
@enhavebcenproduceilanclooutp1anteilforstucly.Aerosgeftworl
bybrltls of the eastern btack cottonwoorl wae made durlng the current staasono lbc
FB populatlon elerlvcd shouLd yteLtl clata on the noele of lnherltanec of thc pbotopcrlodlto
regponsc ln thls speeleso

Eemaphrod.ltlFm in T?gnbllng Agpan. Studtes of bleexuaLtty ln apsan arc belng
contlnued by S. 0. Hong, a Ko:lean studcnt. ko scLfed ancl two croas polllnatctl
progenlee from eaeh of two hemaphroclltlc treca were produeecl, from pontroll-cil
pollinatlons by 94x,. Hong tlurlng the current season. Partieular lntereet 1s eeatcreel
on growEh rate ancl other developmental charaeters of the selfed ancl crossedl progenles.

Flqld Buddine of AspE4. In cooperation with the Diarnondl&6eh Co. of Cloquet, !ill.nnesota,
ftelcl budltl1ng tests of genetleally elite aspen elones on native 2-year suekers were
lnitiatedl thls sumer.

Bireh Stadles. Soecl coll-eetions from phenotypleally ellte paper blreh stands ln
nortneastern lalnnesota were mad.e ln L95? and are eurrentS.y being propagated for testf
ln cooperatlon wlth the Dlamoncl }fiateh Co. PortlonE of the seeil mre aleo ueed tlurlng
th.e paet spring in a serles of ttireet seeding experlments eleslgneil, to ctetermine thc
lnflueaec of cllffercnt sotL preparatlons on see{lllng establlshnont ancl survlval"

Studles of the natural hybrid Bctula X gantlbergll Brttt. (9. Bapy,rlfera
Marsh. x B. FuralLa t. var, glandlul"lfera- Regel) are belng earrled on by Knudl E,
Glauscn. Iho hybrld ls relattvcly eonnon throug[out those parts of Mlnneeota &ere
the two parents oeeurr
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Jaek llne 'r'ariatlon" the phenonenon of "l-alqr,las" or late season shoot growbh ln Jaak
pine is belng investigatocl by Thomas 0. Ru.ilolph. 0bserfrations of seed souree plantlngs
suggest that cliverslty ln thls character veiles geographieally. the lnfltreuec of long
clay on Larmas shoot formatlon ie eurrently belng tnvestlgatod.

A stutly of geographlcel variatlon ln Jaok plne has been untlertaken by I
Rolancl E. Sehoentke, E:stsnsive fieLd studies tbroughout the range of the speeles I
are currently unclerrray,

foxln Teste for Duteh Elm Diseasc. Tsste of a toxln sereening nethod for the
leolatlon of &neriean eLrn seeclllngs resistant to thc Duteh clrn ittsease wero under-
takcn by Frank S. Santtamour. Results of these tcsts ditl not support tha feasiblllty
of euch a screenlng method nor support the h5ipothesls that a toxin, produecil by thc
caueal funpus, ls the prlme disease-causing factor ln lnfected trcas. (A report oa
tbls stuily was publlshect as Miprtesgta {orestry Ngtes No. 65, Aprll 15, 1958.)

Pollen Storage., r\ study of the vaeuum storago of whlte sprucc, Norway epruce ancl
Jaek pine pollen was conducted ::eeently by John 0. Barber. tbe trlals lactLeatcel
tb'at vaeuum storage ls feaslble anel opens up the possiblllty of long terrn storagc
of pollen.sauples by thls method. (See trillnnosota Forestry Notes I{o. 62, October
15, r95?" ) 

-
Graftlng and Hybrltllzation of Elrn. Grafting and hybrlctlzatlon atudlee ln aln
lnitlatecl by Paul E. Colllns nhlle ln resitlenee as a graduate student arc bctng
continued at South Dakota State College.

Progeny Test AnaLysls. A 6-year evaluatlon of several slash pine progeny tests
growing ln the state of Georgla Ls belng carriedt oa by John C. Barber.

Bas$rcocl propa&ation, studlcs of basswood propagation frem sced and from stcn
andl root cuttings are belng conrluctecl by lflrrlan J. Peters.

Grogrlng Nqrthern,Pl-antlne Stoek in the South. Thls problem, untler lnvcatlgatlon
by Rtchard F. Watt, ls clcslgnad to asscss tbc feaslblllty of growing ocrtain natlvc
northern conifers ln nurseries of the decp $outb.. Ihrougb the use of artifieially
lcn6thcnedl photoperlods, traasplantable nursery stoek may be grown ln the long
frost-frc€ seasons of the South in a shorter timen

PLot' Sl?e for Pro$en:v Tegts. Dctermlnatlon of the minimum pl-ot size reguircmont
for short ancl l-ong-tenm progeny tests of recl and Jaek plne 1s belng conduetecl by
George M. Blake"

Early Selcc,tJo-n for Hgt?rosls. Stuclles eoneernetl wlth the probLems of early seLeetlon
for heterosls ln poplars, partieularl-y as they reLate to the anatomy of hybrltle,
arc belng conduetetl by Frank S. Santanour.

hrllp PoplPr Hardllness. Iifilnter hardlncss tests of several tullp popl-ar soed sourecs
ln the Sto Paul area of Minnesota have thus far been uniforrnly lacktng ln pronlse.

Alr-layerlaE Stutlles. The use of air-layers as a practical meane of vegetatively
propagating seLeetedl Jaek plnc trees te uncler lnvastlgatlon by Thmas O, Rudlolpb
anct WtIItsm E. Cronel-I. Results thus far have not been promislng.
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I $tl+glatlon of ,E-ar1y LloJverl+g:!p Spruce" Althoug[ work ln thls arca is Just getti-ag
undler way, Mr. Cronell has had cxeellcnt survlval- of whlte spruee scerlllngs graftcd

r into tbc tsrmlnal shoots of eone-proelueing black sprueco
I
- Whltc Sprue-c Sccel Souree Plantellon, fhrough eooperatlon of Mr. Mark Holst a whttc
I@antatronwagestab]-1shedintheGranilRap1c1sareatb1syaar.I Nlnctecn Qucbee and 0ntario sourecs and glx from thc lekc Stdtcs arc rcproscntcdl.
I

lbcc Inlrgvenent Arboretum. Iaf.tlal p3-antiags ln a trec lmprovemont arborctum ncal
I C'rancl Raplcts, MLnnesota were maclc ln 1956, Betula ancl Populus are now ehlafly
I represented.. lVe p]-an to lncluete ealeetecl spaelnons of all potentlally useful aatlvcs

ancl cxotl cs.

I

I

I
I
I
I
I
I
t
I
I
I
I
I



B-L,

HATURAI POTYPLOIDY IF STAISH PIIIE*

by

Frangols Mergenxx

Introdu$tJ.on

In some orderso or famll-tes of plants" the ehronaosone nr:rnber
ls quite variable among tire different spe6les; ln others the nrnnber.
ls qulte eonstant*" fhe ecnife:rales bel*ng in.the latter group, ln
whleh polypLcldy and other naJor chromos+ma3- ehanges are rarea In
the Plnaceaeo partS-eular'1-y, aLl of the speeles studted so far oeeur
norma3.1y as dlpS-old plantsn wtth the exeeption__of Pseudol-ari.x anabaLls(seh].s")Rehd'.wh1eh-oeeur*asatetrap].gia"fher6-Effisevertr
reports on the oecurrenee i,qithln the Plnaeeae of freak p1-ants whose
ehronosome nr:mber naried. from ti'at of their normal dlp3-otd aneestors.
These abnormal- pJ-ants were ldentlfled through thelr externaL appearaneei
nameJ-y, by thelr stunted grci+thu by thlek flesiry needlesr or by the
unusual color of thelr foL1age. There has been only one report so
far of a stud.y whi-eh ve::i-fied the chro$osome ruHeber of an abnormal
seedllng in the ge$trs ,Pl"nu$., The presence of polypLolds, however,
has been postulated by many fsresters. A seareh was nade l-n a forest
tree nursery to loeate abncrrmal sLash ptneu Pffi. ef11_ot!11 Engeln",
seedllngs. The foll*wing eormrents refer tc these pl-ants"

l4aterlqls- qqd Hq"i;ltods

The abnormal see$J.ings were e*lleeted in the Florida State
Nursery at Ol-ustee, Fiorir1ao wfiere sCIme l+O nitlton slash pine seed.-
1-1ngs are gronn annually" fhe nursery beds were surveyed for abnoruoal-
seedlings at narious tlmes durlng sev€n growing seasons; the flrst
eoLleetion belng made durlng September of I95L and the last during
February, 1957, The greatest nuslber of abnormal seedlings was loeated
when they were about 3 months ol-d. At thls stage thelr needles had
a blulsh hueu and the nelghbori.ng n,rrrnal" seedlings had, not yet had
tlme to cror'rd out th.e sl-,cr.rer growing abnormal types" At thls eg€r
the frequeney of abnormal seed,llngs as about O,0G02 per eento and.
they Oegllj*ed slngly and at randors throughout the beds" As the season
progressed, the apparent pereentage of abnormal seedlings d.eereased,
presumably beeause they were unabl-e te s";rvives or krere erowded out
by the larger, more vtgorous seedllngs. Over 50 abnornal seedl-ings
were dug up and potted in fert1-le soLl and moved to a greenhellse"
A11 of bhe abnormal seedlings had n::.der-d.eveJ-oped root-systems u and,
nany laeked lateral roots " In those j.nstances when l_ateral roots
were present they were short and elub-shaped,.

*Iilotet Flgures referred to ln the text
not possible te lneLude ln thls

**Assl-stant Professor of Forest Geneties,
Forestry, I{er,r I{aven. Conneetieut.

are photegraphs whieh lt 1s
publleationo

Yale Unl-verstty Sehool of
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To obtain vigorous growth for the ehromosome eounts, soluble
fertlltuer was added to the solL and the pLants uere kept under a
U-hour photoperlod for several weeks before materlal was eoLlectedfor analysls. nlormal seedllngs (controls) were treated l-n the salre
manner.

fo obtaln chromosome eonfiguration in the metaphase stage
the treating sehedr:.le of Mergen and. I{ovotny (1957) was f-olrowed. -Actively growing budso and. root tips, 3-8 mm. 1ong, were used., fhe
vegetatlve needle buds suppLled suffieient meristeriatle tissue withmltotle dtvlsions to make ehromosome eounts posslble. 0n the other
hand, chromosome counts eouLd. be nade fron oirly a feis squashes ofroot tlps. The ehromosolnes were eounted by drawing icliograms at an
approximate enlargement of 2OO0X wlth the ald of a eamera luetd.a,or a projeetion mlrror"
- Tangenti-al and transverse seetlons were prepared from
severaL of the terninal bud.s to determlne the loeatioii of the po1y1.,',;,ploid or abnormal eells.

Cross-sectLons were made from segments of fu11y-grown
s_eeondary needles, with the exeeption of those from one seedling
whieh had not devel-oped seeond.ary needles. In this j-nstance
prJ-nary need.les were exa:ained.

' The arrangement and. slze of the stomates was determlned oa
tbe outer faee of the needle.s. fhe needle segnents were maeeratedat roon temperature for L-a/z to 2 hours in a 1:1 mlxture of zS
hydroehl-orle acid and 35fr nl-trl.e acid.. After this treatment ttre
epid,ermls r _alrong wlth sone ee11s of the hypod.ermis, eoul-d. be separated
from the subjaeent eel3- Layers"

ResuJ-ts

I
I

{9rE1a}=diploid-seedllnEs, The eharaeteristic features of an averagedlplgld slash pine seedtring are lllustrated in Flgure 1. Whea the
seedling wa_s photographgd it i,ras 2 years oJ.d, and bore only seeond.ary
needles, The anatony of the needles was slmil-ar to that d,eseribedfor slash pine by Sutherlahd &gfu); the stomates appeared ln straight
rows and were uniform ln appearance. Ttre ehromosome-number sf nltotleflgures ln somatie tissue was nerified to be 2Lr, as had been reported.prevlously by Sax and Sax (1933), and by Mehra and Khoshoo (Lgr6).

I
t
I
InoTngl sgedlinF #1" Seedllng number 1 grew very slor+ly, being 2O. tall after three years (Figure 2)" The branehes. to the extent€'8. tall after-fEree years (Figure 2)" TEe branches, to-thet!at- they wgre present, had not elongated more than anout 1 em. Most

of the needles were primaryu but theie were a few short and exeeptlon-
a1ly thlek seeondary needles"

Abs:at 65fi sf the seeondary needl-e bud.s drled and fe1l off
before they were 5 *nt. long" The nbedlesr as well as the groraring
s{tgot? were dark green with a bluish hue"' Thelr surfaees were roughwith nany rid.ges and expanded. teeth. fhe thickness of the hypodernis
was not uniform but was greater nnder the ridges, and the roughnessof the outer surfaees wai al-so refleeted in the irregularity of the
endodermls" There was a wel-l--d.eveloped mesophylL but the nnmber of I



t

I

R-3.

resin duets was Loroier than in the normal seedli-ngs. The stonates
appeared ln uneven roTds; both the spacing within the rorrts and between
ttre rows was lrregular.

ChromosonTe eounts tndieated that the majorlty of eel1s were
tetraplold (4n=I+8). Normal- dlplold eells were alio present aRd these
oeeuried ln the needle bases'iir a approxlmate ratlo of l-l}+ tetraplotd
eeLls, whereas ln the root tlps the ratlo of dlplold to polypJ.old
eells was about 1:2.
AbnornaL seedllne #2. Seedllng number 2 was sLow-growlng and after
three years lt had a netgnt of I5.5 em. (Flgure 3). The seeondary
need.Les b.ppeared slngly, and ln sone instances there was a partlal-
split through the nlddle, lndieating that two needLes from one fas-
eleLe had fused together. In addltion to belng very short, the
need.les started. to eurve and had the appearanee of elaws. fhe root
systen was poorly d.eveloped, and. eonsisted of an enlarged growlng lmoh
wlth several short lateraLs above lt. The cross-sectlons through the,'
needles shqwed. a very distorted arrangement of the anatomyl the resln
duets were present ln only one-tralf of the needle, and. the cel-ls of
the plieate nesophyJ.l were arranged and orlented dlfferentLy ln the
two haLves. Teeth were present on the varlous ridges, and thelr
arrangement dld not appear to fol-Low a definite pattern. The stomates
oeeurred. 1n Lrregular partlal Tolrsr md were sl-ightly smaller than
those ln the normal seedLlngs.

The ehromosome eount showed that the seedLlng was a mlxo-
plold and was mad.e up of dlploid, tqlploid and tetraptota cells,
wlth the naJorlty of ee1ls havlng 48 chronnosomes. The ratlo of dlplold
eells to tetraploid ee3-l-s r+as J.l4.l; the frequeney of trlplold eells
was ab,out l-lLOo
Abnormal seedline #l+. Whtle 1n the seedbed, seed.ling number 4 had
dark bLulsh need1es that were qnite thiek and long. The height
growth was somerrrhat slower than that of the surrorurd,lng seed,llngs
and the hypoeotyl and the growlng polnts were thlek and sueoulent.
After the early seedling stagel its morpholoey did not dlffel ap-
preelably from that of normal seedllrrgsr with exeeptlon of the secon-
d.ary needLes whieh were nuch thleker. The anatomy of the needle
appeared normalo wlth the exeeptlon of the stonates whlch were
arranged ln uneiren rows and. were much larger, thelr d.iameter on the
suter surfaee belng the largest (5t.87 ) tn;, ar,ry'.of the,"bGi'6ddgd-ngs
examlned.

Chromosome eounts showed seedling number l+ to be a mlxopJ.of.d,
It dlffered from the other pl-ants by lts relatlve1-y hleh frequeney
of pol-ypLold eel-l-s ln the bases of the needles--l3 polyploid. eells
to one dlploid eell. 0f the polyplold cells, about three quarters
were tetraploid. and the remainder were trt'pXntfd* The nunber of trl-
plold eeLls was hlgher in the other trees studied, and the ratl-o of
dlplold to polypLold ce1ls in the root tlps was 1e2, Several stages
of nltos j-s eor.lld be observed in the dlvlding ce1J-s. There appeared
to be no tendeney for the ehromosomes to move toward the equatorlal
plate during metaphase, and drlring anaphase the daughter chomatld,s
remalned in an apparently random loeatlon wlthin the cell. This
partlal nitosts doubled the nunber of ehromosomes withln the eeLl
beeause no eel-l wa1l formed to separate the daughter chromosomes.

I
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AFngr4ql seedHns #(. Seedllng Hunber 5 was 18 months ol-d when the
pho"Lograph,ln Figure 5 was taken, At that tlme it was 4 cn. talJ-,
and when it was 3o nonths ol-d it had not formed. any seeondaryneedles" Perlogfggl$rr_ the seedling developed a large, suceirLentterhinal bud but lt tootc consLd.erable tlme ior the b[d'to enlarge.
The_ root system r^ras almost non-exlstent, and the growlng point Eiia
baek from tlne to tlme, o

Fron the slldes that were prepared lt was posslble to
establ-tsh that the pLant sras heteropiolil" Idiograms were d.rawn fronaseveral diploid. and some tetrapiold-cells, but no trlp3.oid eelLs wereleeated. There.were, hoirever, seve?al aneuplold ce113 whleh had. a
ehromosone eor:nt of 51+. The fatls? cf dlpi-oid to heteroplold ceffs
was approxtmately LzT "
Abnoleal. seedl*ns 45,. when seedJ-ing number 6 was two years o1d, it
Y*l 19 "yl tall and had one iateral-shoot that was aUout I en. iorg
-(.F'Igu_re 

6). It had forrued second,ary needles that trere of normal-
l:?ellt -b_!!_!U"y 

we?e rumeh thlcker tfran those of'the eontrol seed.lingsr
and lhey were_lrregu1ariy distrlbuted, The root systen was coxn-
parative-1y_r'reL1-deveJ-oped, but al-l the root tlps wLre dtyol1-en andwere eLub-iike in appearanee" The needles had- a tendeney to twlst,
and their surfaees rsere ?lneveno

Chromosone eounts shovreo that seedling nirnber 6 was also a
$1gnfoi$, the merlsteuatie tissue of the buds E*i"e eo*pos*a oFeeIls with diplold and 'betrapcS.id chromosome complements'. fhe ratioof-tetraplgfg-eells_to dipicid eells. was 6e 1" fire ratlo of tetraploldeells^to dlplold eells in-the root tlps was 1; Z. No trlpLoid eeliswere found, The number of chromosomei ln several of the ie1ls eoutdnot be estabiished luith eertainty, espeelally in those eel_ls r,rhlehwere ln the anaphase stage. Figiries 6g ana 6F illustrate two poly*ploid eel1s in the anaphlse stage. Although the-preefse numbei, oi tfte
chromosomes in these eells eould- not be esiabiish-ed" lt was estirnatedthat there were about 96 ekt"omcsomes ln eaetr oF tiru6e eells. lndieat-1ng a tetraploid condltion ln the somatlc cell before dlosis.

Irocatlqn of, the Pehneloid Cel"ls

It was dlffleult to C.etermine the exaet location of thepolyp-lgid.eells beeause onee cell di-vislon had. eeased, 'ft was notpossible to estlmate its ehromosome number by its siz6 alone. How-
9v"Tr .ln severaL of the serial seetions therb r,rere severaL divldingnuclel and almost all of the polyploid eells were fourd along theperlpherYj- in solne instanees tney-cceurred, for a limited dlslancei-nsrde._ l'hey extended toward the eenter of the growlng tlp ln onlya fgw of the seetlons.

Dlsegsglon

Abnornal. slash. plng seedllngs in nature are not rarer netthere are no rgng-rt.s in the forestry literature. The frequenef lf
O.0OO2_pel.eent that was observed iii ttre Olustee, Florida'nurslrywas wrdoubtedly l-ower than that of the actual nuriber whtch oecuriln nature. These pglyplgld seerilings have a lovr c*paeity f;r ;"r-vlval- beeause they- l-aek the stru.ctuies for ad.equate-eo*pbtriio";-
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the growth of both roots and shoots ls depressed. fhe observed
?aLue of O.O0O2 per eent ls somer,rhat lotrer than the frequeney of
polyplOld seedlingq that has been observed in the other menbers of
the PLnaeeae: O ..lfr f or PiJrus de.nsifLora (Ztnnat , ]-gr?), and O.O09F
lor @ aFles (Kie1landu", f95OJ--FohLold indivlduals are easlest
l"oeated ln the rursery beds-r,rhere several mll-llon even-aged seedJ.Lngs
Gan be exanlned r,rlthin a rel-atlvel-y short perlod of tlne. In addi-
tlono the seLeetLon is made from seedllngs- ln a nntform and favorabl"eenvlronnst, growlng from seed which eaJ[e fron thousands of trees.
seattered over mLlltons of acres of forest land. In a naturaL foiestit ls wuch nore dlfficult to lsolate polyplold lndivlduals beeause
nost of then have sueeombed to the envlronngnt. NevertheLess, some
abnormal slash plne tq"gp have been locatedln and around the'O1ustee,Florlda area. Some of these have prodneed. maLe and female fLowers,
An anaS-ysis of the slze of the poLien was made fron one of thesenl'{utant Plnesnl &s they are eaLied 3.oea11y. When eompared. to nonnaL
s-las4 plne pollen, the pollen from the ttlfirtant Plnert iras snaller
\+9.5.4 versus 52.rA for the snaLl d,lameter and 58.t4 versus TO.Ty'for the Large dlan{eter), fhe germlnatlon count sho'wed that almostal-l of_the pol1en gralns from the abnoruoal sLash plnes were abortlve
and all of the seed. obtalned from these mutants was empty.i I{o ehrono-
some esunts have been made on these larger trees.

In general appearanee sone of these nlxoploids are veryslnilar to slash plne trees that were treated with-co]-ehlctne. Slnee
none of the seed.lings had polyploid eells throughout, these seed.lings
4ia.+g! origlnate as the result of chromosome duplicatlon afterfertillzation, lhey were not genetlcally r:nlfor& throughout theplan! and. therefore ean be termed ehlmera (Chittend.en, lgZf), Cross-
sectLons through some of the developi-ng buds lndleate8 tfre ehlmerasto be of the perLellnal or merlcllnbt type, fhere were some 1nd.1ea-tions that one of these mixoploid slash fitne seedlings was the resultof endomltiotlc dlvisions. -In these endbraltlotle divislons there isa duplleatlon of the ehromosomes with a subsequent separation, butwlthout the fornation of a spindle or metaphaie platel and wlthout
eelL divlslon (Geither t !95].). Endopotyprbla tuhlvtauats have been
deserl-bed before in both the anlnal hnd-lfant klngdons (Mlekeyrfg46);
E9{9"", 19411 and Wltkins, Jg)j). There was a ceitain degr"." 6t'differentiatlon in the shape and slze of the ehromosomes between thedlfferent trees, but, due to the drastle chemieal pretreatment durlngthe maeeratlon proceis; Do attempt vras made to evaiuate these dif-ferenees, Seveial celis were ehiraeterized by incomplete genoues but
i.n these instanees it was very dlfflcult to verlfy tLe number presentln the cells before maceratlon, as the 1ong, thln chromosomes were
erowded and tangl-ed at the-met6phase plate-and in additlon, the eellwa1l had rJrptrryed ln nany lnstanees allowing ehromosomes to slip out
and swLn about in the mounting mediun.

From_a practieal forestry viewpoint these mlxoplold seedLlngs
have litt1e value beeause of their low sirvlval rate. an& thetr lowfertllity. Perhaps some use mtght be made of some of these short-
needled.t- slow-growtng pines tn ornamental work and ln found.atlon plant-1ngs. These m,lxoplolds are of Llttle evoLuti,onary valueo beeause-tF"y are probably unable to form sexual tlssues wittr balinced higher
chromosome numbers.
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Tetraploid pl-ants of Japanese red pine (Plaus
Sieb, €t Zstee.) d.tscovered. 1n transplant bed.s.
For. $ec. :4(5); l'85-]..87.
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I[. B. Krlebe].*

Durlng the handllag of sugar maple seed aceesslons frorotFTg* wldely-separated Oatarlo prov6nae*si airierenees assoelatedwlth provenanee were observed, iir tlme and'rate of seed. gernfnitioa
under unlform treatnoent. souree d.Lfferenees in gro,rth ;aitrgr; *"r.also notteed and reeorded amoag the seedlings ar#rng tha flr;t a*eseeond, grovlng seasons.

6r _ _r |"Far mapLe seed. wllL sprout after 6O te LOO days if strat!.-rlect in nnoist sphagnum-moss-at tenperatures slightly abovir freezlag.In the work deqQri6ed 1n thj.J repoiil -Jierr seed, lot was d.ivld.ed lntotvo parts, gr_re '8'f which was stratlf i6a m nrid-Sovember and the othersolrect cll.reetly outdoors ln the seedbed ln late fal1. It was plannedto sow the stratlfled seed, ln the greentrou.se aurin[-rale iilrdry:--
*I_!ht.tF*l sproutlng seeds were vl-stbLe ihr;Agt-tfie peryeiayi6a*
PPgs and' sowlng was begun.- 0n1y seeds of the five e oj.L6etions- fronthe southern-most souree (engus) were sprouting, hewever. and. thed'eelsion was mad.e te sour the-seed as lt- sprout;A ;i i"[*i"ar* oF-"
fenar d'ays, an_d to_keep a eontlnuous reeord,'of germln"{io"-iil; 

"ia-raEe for each eel-leetlon. The results of theie observatlons and ofgrowth Beasurements ale presented ln thls reporto
?he aceessions included eolleetlons fronn several trees fro&eaeh of the three sourees Llsted below:

n-7.

eeunty orDlstrigt l,at., S. LonF. W.Lseatl,on

SyJ-van Val1ey
Porrassan
Atrgus

Algoma
Parry Souad
Slneoe

46"a8r
I+6"ot+ I
h!+"L7 t

83"53 t

79"27 |
79"521

I{unber of
Ce]-Lectionstu

{
5

The seed aot stratifled was kept in cold dry storage (S. 38"F. )and sowed ln the nursery ln early Deeembbr. oeciJronh ouieivatfrnotwere made dsring the first growiirg season of eomparatlve rite or-trowtrr.
At the ead of the flrst growlng season sten helght measure-uents were reeorded ln eentineters-for afproxfnatefy fff[; ire*s-ofeaeh eolleetion, half_fron ttre greenhousb'seeaLings"aad haLf from thengr9-ery seedllngs. Stmllar records have just beei taken at the end,of the second. giowlng season.

*Ohie Agrleultural- Experlment statlon, wooster, Ohlo
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fhe results are of Lnterest from a genetle vlewpoint. fhere
bra-s variatlon in tlme aad rate of seed gernl-nation iadieatlve of geo-
graplrle varlatlon in ehllling requlrenent of the seed.. Seed. fron Angus
germlnated ln stratifieatlon at a consl-derably earl-ler d.ate than seed,
from elther of tuo northern sources. most of it ln faet before ebserva-
tions were begun" Seed fronc Powass6.n rrras next to germlnatel rate of
germination began te j-nerease rapldly 1n early February, and leveled.
off about ttre third week in Mareh" In the ease of Sy3-van Valley seed,
rate of gerninatlon was hlghest in early Mareh, and as wlth Porrassaa
seed, leveled off at abont the thlrd week ln Mareh.

Apparent tetaL germinatlon expressed. as pereentage of all
qeedr was highest in Aagus seed and lowest in sylvan vallqy seed.
The theoretleal maxl-num gerninative eapaeity should be 51fr, beeause
of the faet that one-half of the samara is al-most :Lnvarlabiy empty.
Hlgher rraLues forxrd in some of these colleetlons are therefore to
be attributed to atypieal samples, and between-souree eomparlsonsof gernlnatlve eapaelty are piobably not valld.

lhe results of the germinatloa eounts are iLlustratedgraphlcally 1n Flgures 1 to 3. Ch.araeterLstlcs of the germlnation
gurves of SyJ-van Va1ley seedu whleh islth one exeeption are al:nest
J-d.entieal, eould be assoelated wlth the elose preilmlty of the seed,trees, It ls probable that the seed parents oi the dliferent pro-
genles are elther fuLl slbs or haLf sLbs, The Porassan seed, trees,
on the other hand, were seattered. over a total dlstauee of one and
a half mlles along a road.u and 1t ls unllkeJ-y that progenles ale
elosely related. The gerfulnatlon enrves ln thls ease shos eon-
sld.erable varlation. The germinatlon eurves for Angus progenies
are qulte stmllar to eaeh other, dtsregard.Lng the rurrel-table total
germlnatlon pereentages. trees-sampled from this loeallty were
falrly eLose together and eould repiesent very slmllar blotytrles,

Some Lnter-souree eontrasts were found 1n phenology andrate of stens. growth of the seedling progeni.es. fhe sl"lde s.h@hrn
of -progenies ln the nu"sery seed.bed illustrates a phenologieal
differenee" In the pletureu taken on July 10, L957, nearly all
seed.lings of Sylvan Va1ley seed orlgln (rteht) are itftf in the
prlmary leaf stage of d.eveLepnent" Trees on the l_eft, fron
4ngus seed_, have nostly put out one or more palrs of Seeondary
l-eaves. These eontrasts are refleeted by trr-e aata on helght -

growth taken after the flrst growlng season, and lllustrated ln
Flgure l+.
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Ia this ehart, "G" indlcates trees gr€iwa ln the greenhouse
and aI[$ tndieates trees grown in the fiLrsery. Bar helght represents
mean.of a sample of abEut J-OO trees. A faetorial analysts of the
d.ata is presented ln Table 1, ln whieh the effeets of mother tree,
seedling environment, seed source, and lnteraetions are separated..
In the graphs the mean helght growth ls sl"lghtly greater l-n each
ease among greenhouse trees, but the dlfferences are not statlstlcaL-
1y slgnlfleant, nor are dlfferences between dlfferent progenles from
tle_sane orlgli, 0n the other hand,, there are hlghly slgnlfleant
d.lfferences between sortreeso and fui'ther analysiso not lJ"Lustrated.,
shows a dlfferenee between trees of Sy1van Valley'orlgin and. trees
of Powassan orl"gln at the end. of the flrst yearr &s wel-l as a dls-tlnctLy hlgher growth rate of Angus trees.

ASAIYSIS OF FIRST-MAR EEIGHT GR$TTH

Effeet of
Seed tree (replleate)
Greer*rouse vs. nursery, A
9eed sollree, J-lnear, B.1

qlrad.ratle, 82
AxBl
Ax82
Seed tree x 82 (replle. error)
Resldual- Lnteractlons
Eotal
Correetlon
Missing vaLr:.es

S, Fo S, S, IoI. S.

4 1098 z?5
1 347 347
l- 8Z8Z SZBZxx*

728
2

3t+

305

l-*

728
2

3!r
L22CI

27Lg
II*430

45oz8B

^ Measnrements of two-year gro\^rth were taken reeently (Ju1y
?8, l-958) whleh have not been irnatyEed statistleally" Relatiorishfps
rou+{ the_prev:ious year appear to eontinue, rsith the posslbJ.e ex-
ceptlon of an lncreased dlfferentlatlon among progenles from the
same seed souree.

There ls no notleeabl-e effeet of parental- relatlonshlp on
d,egre_e of intrasouree variatlonl 1.€. there seems to be as great a
varlabillty between neans of progenles of apparent slbs as between
progenles of unrelated trees.

Reeords of the seed parent of eaeh. progeny include estlnated.helght. There are tndleations-of a lLnear relationbfrfp between helght
of one-year-oId progeny and height of seed parent, in spite of the
I_ough approxlnatlon of the estimate of the helght'of the seed parent.
This relatlonshtp w111 be evaluated at a later date for the full geo-
graphie rarlge of the specles, on the basls of reeords of about 25O
seed. trees and thelr progeni6s. If suggested. relatlonship holds, it
nay o-pen the way for the systematie selection of sugar maple for high
growth rate.
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INTERSPECIFIC GRAFTIIVG -0_F,,rrARD PINES

by

M, J. Holst and J. B. Santon

Durlng tbe winter of l9f+-55 we establlshed a serles of
leelproea_1 selon-rootstock eomblnations of jaek, red and Seots plne.
I[one of the rootstoeks were prnned. back during the flrst year wirtehls eontrary to normal grafting practice. fhe non-prr:ned grafts wereplaptg4 ln the nursery ln June 1955. The rootstoeks were pruned baek
on half the survlvlng grafts in May, L956. The remalnlng Erafts wereleft to grow with the slightly trlnried branehes of the rootstoeklntaet.

Seion survlval was foLLowed durlng the flrst ercwtng season
Q95r), and was reeorded. in the autumn ot L956 and, I95Ti Curieni-
{ear's leader grorarth was reeorded ln the autumn of 1955, Lgr6 and, lg57.
Seedle length was Ereasured 1n the au.tumn st L956 ana t95T 6n tfre nf6Af6of the eurrent yearrs Leader. Ifeed.]-e eolour of both seLons and. root-stocks was recorded. ln the autumn of Ig56.

Ehe lnitiaL survlval of the reeiprocal Jaek-red plne con-blnatlons was very 3-ol'r, and d.ropped furthei durlng the twolyear
observation period. ReA plne selon survival was nearly thrbe tlnesgreater on jaek Elqe rootstocks than that of Jaek pine- seions on red.
Plne rootstocks (45 pel eent and 18 per cent iespe-etlvery) r &s long asthe rootstocks were left non-pruned. When the rbotstockb were pruned
both iaek plne and red pine sblons perished wlthin a yearr

The survlval of the jaek-Seots plne eomblnatlons was qulte
f_,le}t (86 per qent and 96 per c6nt). The initial superlorlty of 'about
10 P*I eent of the non-pryM Scots-Jaek pine eombliatlon over ttrejaeE-Scots pine eornbination rrras maintalned during the observatlonp_erlod.- When the rootstocks ruere pruned thls d.ifference doubled toabout 2l per eent. . Compared iqith -eontrols, the growth of the jaek
Prng scJons tras retarded about 5 per centr'ruhlle the growth of-theSeots_plne scions was stlmulated lbout 10'per cent, fhis stlmulation
was a+sq apparent ln the needle length of the Scots pine sclons and.
amourted to about 12 per cent.

There was no dlfference in scion survi-val for ttre non-prunedrootstoeks ln the.reeiproeal red-Scots pfo* comblnatl-ons. EowevEr,
when the rootstocks wele pruned, the seion survivaL of the Seots-r6dpine-eomblnation remalned-at t]ne 96 per eent leve1 while that of the
red..-Seot|.plne eonbination dropped t6 8Z per cent. Selon growth inboth conbiaatj.ons was stimulat6h eonslderibly. The stlnulitlon urasBg?t proTounced for the sclons grafted on noir-pruned. rootstocks. Thestlnnl-atlon dlminlshed during tf,e observatlon frerlod.

IIei-mburger (1956) suggested that the sueeess or faiLure oflnterspeeifle grafting is reLatea to the posltlon on the evolutlonaryseale of the specles 1nvo1ved. He based fi1s argunent on the results-of reelproeal. Sraftlng of_the primitive flve-ne5Ale whlte plne atta tft*
more advaneed. two-needle Seots- plne. A scion of the advanied speeles
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survlved when grafted on a rootstoek of the primltlve speeies, but the
rootstock dted l{hen a seion of the primitive speeles was grafted on the
rootstoek of the advanced spectes. Apparently the prlmltlve seion was
unable to provide the complex metabolltes requlred by the advaneed
rootstocku whereas the prirnitlve rootstock was able to utillze the more
complex metabolites of the advaneed seion,

Helmburgerss eoneept of graftablllty of prlmitive and ad-
vaneed speeles, according to the evolutlonary seale, 1s borne out by
the reeiprocal red-Scots pine and jaek-Scots pine comblnatlons. Hgror-
everr &s the Jaek-red plne eomblnatlons all perish when the rootstocks
are pruned, we must modify Heimburgerrs theory for the seion survlval
gl lon-pruned rootstocks. Ilerer w€ find that the prlmltlve scions
thrive better on the dlet supplied by the livlng branehes of the
advaneed non-pruned rootstoek. The faet that survlval of red pine
seions was about three tlnes greater on non-pruned jaek plne root-
stoeks than jack pine selons on non-pruned red pine rootstoeks,
should then indieate that red pine 1s less advaneed than Jack plne.

Bed pine and Seots plne both bel"ong to the group Larislones
whl1e jaek plne belongs to the group Vlrelniana, That red pi-ne selons
do poorly and Scots pine selons d.o well- when grafted. on jaek pine
rootstoeks may be an lndicatlon of the rigldlty of red plne and the
plastlelty of Seots plne.
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TEE ?AXONOMS OF FUNGI CAUSII{G LEAF AHD TI{IG BTIGHTS

0F $ORTH. -AME3][CAJ{ PoPtAnS

by

B. W. Daneex

I
I
I

I
I
I
I
I

The ldentlty of the fungl that eaused. leaf and twig blights
of poplar puzzled European taxonomlsts from f8t+e, when tlbert de--
serlbed 0idJ.uro radlosu:no until 1938 when ServazzL eonel-nded that the
eonditlon was eaused. by two speeles of FollaceLa whleh he d.eserLbed..

That almost a ful-l eentury elapsed before the taxonomy of
the causal organlsms was unravelled ean nor^r be attrlbuted to strlktng
similarlties between the pathogens and thelr affects on the host, to
lnadequate_researeh by most of the workers invclved, and to the ap-
parent tendeney of those people to create new names on slight provoea-
tlon.

The lnfluenee of these faetors, partieularly of the latter,in prevelting elariflcation of the taxonom! of the poflar pathogensr-
increased eontlnuously from the beglnning until later-rsorkers, with'
the exception of Servazzj-, beeame io thoroughly eonfused that'they
were unable 'to clarify the eouplex.

Inevitably, the eonfusion that evolved in Europe reached.
Sorth Amerlea where it plagued taxonomists in their effoits to under-
stand the North American tttgilt fungi on poplar" Unfortunately,
taxonomists here have dlseovered, sinee 1938, that Servazzirs iesoL-utlon of the European eomplex d.id not brlng about autornatlc"elarj-flea-tlon of the l{orth Ameriean eomplex. Why Lt fatled to do so has onlyrecently beeome c1ear,

By 195f, it was errldent that leaf and twtg bS.ight of poplar
was a dtsease of some silvleultural signlfieanee ful Ontario, Fbr- thts
reason and beeause the taxonomy of the fungi was u.rgently ln need. ofclarifleation a study of the problen was lnltiated et thb Petawawa
Forest Experiment Station.

In I{orth Americau the fungi.rs that seemed ehiefly responslbLefor leaf and twie blieht of poplar was generally known as-Sapliladfu:ntrg$ulae. It was esnsldered to be the parasltle stage of Ehe asecny-
gPte TgFEgrfa EopFllnp whleh, in Europel was quite pievalent, Hor+ever,the-valldlty of the alleged donneetion was unsubstairtlated and. appeare,i
doubtful for two reasonst (1) Reported colleetlons of v, nonullira
from l{orth Amerlca were very few Lnd of doubtful- aecuradyr-ffi--i(2J-
$,q-host_r_angg of g" popu]-i-na in Dubyts elassLfleation oi'pop1ars, as
lndleated by Servazzl;-dtsagreed with that of ff" trenulae.* thereforeefore,lndleateg by ServazzL;@Feed witlr that of g. tqenrd_ae.the1med'1ategoa1of'thetnvest1gat1onwasto-aeffitheva11d.1ty'
of the reputed eonnectlon between S. trrufae and [, Eopuli@.

An lntenslve seareh for [. popullna was coneentrated on trem-
!1ing and largetooth aspens u both of trlricfr are 1n the Seetlon Leuee
Dubyn because they were obviousl-y the preferred if not sole froEffif
*Dept. of Agrleultu.re, Forest Biology Laboratory, Mapleo Ontarlo.
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[. tremulae. Eventually, perltheela of !. pgpqllna were found but,
surpri-slngly, they were irn balsan poplar in the.Sectlon Aigelnos,
Duby. As lndleated by Servazzl, thls agreed wlth the host range of
g. populina ln Europe.

Imperfect stage eultures of g. populina were seeured. from
aseospores. When these were eompared wlth cultures of S. tremtrlae
slgnlfleant differenees were noted which proved that the latter was
not the lnperfeet stage of y,. populina.

Subsequent examinatlon of dlseased leaves from the trees
that trad furnished V. nopullna disclosed the l-mperfeet stage of
g. popullna, and infection studles indleated that this stage eaused
the leaf and twlg blleht cond.ltlon. The imperfeet stage was lden-
tifled as Pollaecia .g.f.gg.ans..

In 1922, Davis deseribed a variety of Fuslelad.lum rad,l-
osum on balsam poplar from Wisconsln. Slnce hls descrlption flts
that of 3. elesans, and because subsequent eollectlons ldentlfled
by hls varl-etal naire seem ldentlcal with !. elesans, lt has been
eoncluded that the varletal name is synon]rmous with !. g.@9..

Wlth refutatlon of [. .Eenu@, as the lmperfect stage of
y. nopulinao thls inperfeet stage was reldentlfied as &slc.tglLlumtremnlae. Ilence, accordlng to Aderhold.ts revlslon of the speeles
of Venturla, it should have Venturi-a tremulae as 1ts perfeet stage.
Toffi-trrtsre1at1onsrrrprrTEri_ueea$enecessaiytotryto
eonneet this fungus with an aseomyeetous stage.

During the seareh for Venturla populina, V. trernrlae was
f ound.oeeasionaltyonaspens*trrEr-a-eeorEff 'gE-6eFva{y-erq
the hosts for thls fungus. Fo? a long tlne, attempts made to de-
rlve [. tremulae, eultural-ly, from ascospores of V. tremulae were
utrsuceessful but reeently this goal was aehleved,.

It ean now be eoncluded that two slul1ar fungL are
prlnelpalllrr if not entirely, responslble for leaf and twlg bllght
of poplar ln North Amerlea. -Perfect and lmperfeet stages of both
fungi oeeur here but, ln both lnstances, the aseoryeetous stages
are sporadle and can only be loeated rnrith dlfflculty,

Wlth el-ucLdatlon of the fnngl responslble for leaf and
twlg bllght of poplar, here, the reasons that Servazzlrs coneluslons
falled to elarlfv-the'North'Aneri.can complex as they did thefalled to clarlfy the-Ilort ean complex as they did the

The orleinal nlsld.entlfleatlonEuropearlr,,seem to become evldent: The orlginal nlsld.entEs.vyvs4t ,vvvs vv vvvvsg v

of Fusicladlum tremulae asof FustcLddfurm tremulae as $. tresulae lnltlated a nlseonceptlon
whleh beea:ne firml-y establlshed. It was dlffleult to eradlcate
beeause of a very effeetive sereen that was: formed by striking
slnlLarlties between the two imperfeet stages in morphology ln
s;mptomatology and in host ranges, by the great preval.ence ofg. tremulae ln eontrast to the rarlty of !, eleeans, by the tn-
frequeney wlth whleh the perfect stage of both fungl oeeurredn
by the development of new names in addltlon to those lntrodueed
from Europe, and by the lndlseriminate inter-applleation of the
mrmerous synonlrms and names of doubtful status.
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I In retrospect, the taxonomy of the North Ameriean bllght
fungl of poplar seems qulte slmple ncrw that the prevlously nisslng

I 
eomponents have been td,entlfled,
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A TREE CROWN ISOLATION TENf

by
C. W. Yeatman*

A problem whlch faces every tree breed.er Ls how ts lncrease
the yle]-d of-cones from controlled poL11nations. Tlne and labour
avaliable are always ltrnlted, and ln most specles years of abundant
f lowerlng are lnfr-equent. At the Petawawa Forest Experlment Statlon
the standarcl teehnldue of lsolating flowerlng braqqhlets wlth snaLl
bags has been eraployedo and ln yeais of_abundant flowerlng thls has
resulted ln aeeei:table cone yleldsr at least 1n spruce' .Howevero^ln a poor flowering year, eabh branchlet bears only one to a few female
floweisr so that eieir a great number of lsolatlon bagq yields a sPalL
harvestl Freouently, noie flol'rers must be left out of the isolatlon
bags than ean-be lnbluded wlthin then because of the dlffleulty and
tneffteteney of tylng bags onto sua1l branehlets of the thlrd and
fourth ordei, Al3or-fJ-owers at the tops of tall trees are usually
lnaeeess ib1e.

The sueeess of a breeding project often d.epends on the
amor:nt of eontrol-polllnated seed that ean be produeed fron'.1: ! ^lndlvldual trees. -For example, lnter-speeiflc erosses may be dlf-
f leu1t owlng to a partlal lireoripatlblllty betnreen the_ specles ? and
the pereentige of vtaUte seed to Ue expected is very low. Intra-
specifie eroises, selflngs, baek erossesr md second. and third
gbneration eross6s nust iesult in a large number of viable seed.s 1f
i slgnificant fraetlon of the eomblnati6ns and reeombinatlons of
geneile factors whieh may be possible is to be obtained. From the
array of genotypes observed in tne progenyr only a few may be worth
selecting for further breeding.

Some years ago the posstbllity of isolatir:.g a tree elown
wlth a tent was dlseusied. It rsas reealled that Dr. Syraeh Larsen,
the famous Danisfr genetlelsto had used a tent many years ago to
lsolate small treeE. In this easeo the tent eovered the tree to the
ground.. However, the present task was to effect self-polllnatlons
on mature whlte spruce-which range from 75 to 95 feet high. At
Petawawa there weie few trees of interest whieh eould be reaehed.
from the ground or from ladders, and none of the grafted materlal
is aval1ab1e for breedlng yet.

The ldea gestated for a year or two r:ntll the sprlng of
1956, when 1t was evldent that there would be a bumper flower erop
ln whlte spruee. Twenty-five yards of down-proof plllow tlcklng
were used to make a speeial tent 6 feet in dlameter, 6 feet deepr,
and enelosed by a skiit that was drawn ln about the-tree trunk and
central tent po1e. The shape of the tent was malntalned. by a 2-foot

*Forestry 0ffieero Department of Northern Affatrs and Natior,ral
Resourees, Foresiry Braneh, Petawawa Forest Experlment Statlont
Chalk Rlvero Ontario.
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cij"r;k o-i'- plyruoocL ai; the top, arnrl two wili.or,+ hoops, 6 feet in dlameter,
one crrcli a,t the rnld-point and bottom of the slde of the tent. Guy
IoFcs, extendi-ng from the loner hoop to the tree trunk 12 feet below,
hel.rr thc tent i-n posltion. The tent vras ereeted. on top of an 85-
f oot, .'rir.ite sFruee and, by ::emoving a f er,q male flowers ?rom the lowest
branches within the tento a 6-foot seetion of eror*n was lsolated,Pollination rrras condueted tnice with Colorado spruce pollen, and'thetent was removed r,'rhen the cone scales had closed.. The sane'tent was
used to cover a small Seots plne, but the flowers and follage were
badly br:.rned. beeause the tree was too well proteeted from cooLing
breezes 1n the heat of the day.

Alnost 3'OOO cones were eol-leeted from the whlte spruee intle fall, whieh ytetaea BO grans of seed. Poor germlnatlon lna seed.-
llng survival folIowed., but that 1s another story.

Followlng this suecess, elght tents were ordered to eertatnspeclfieatfons. fn preferenee to the heavler ptllow tlcklng, t+-t/Z
QZ. whlte nWebster cl-oth" (the flne eotton mat6rial used tn-iieht-salls and tpupr tents) was used, The material was tested for proof
against pollenr but none eould be foreed through the flne weave.
The tents were-made 1n three slzes; five were 6 feet in dianeter byp feet 9_""p1 two were 8 feet by l2'feet; and one was r-o feet by 16feet, These were used with apparent su6cess in the spring of Lg58
foT self-polllnationl cross-polttnation, and control-tsotat:-on ln
mature whlte sprueer-and for self- and 6ross-pel.llnation in twoFl. red x blaek spruce saplings.

A maxlmu.n-mlnimum thermoneter was pJ.aeed ln eaeh tent.
Reeords of maxlmun and ninimum temperature were taken da1ly wlthtn
and without one of the 8- by l2-foot tents ereeted. on a ta1l whltespruee. The naxlmum reeorded. within thls tent was 91"F on May 17
when the alr temperature outside was 83o, the slqr elear. and there
was llttLe wlnd. The mlnlmum recorded w5.s 34"F fol1-owlng llght ,!tr
frosts. The maxlmum ln the tents near the grotrnd on the-F1 hybrlds
T3s 92"F, blt the nlnl-mum was 2l+oF. Howevern ln no ease dld the
florrrers or fol-iage appear to have suffered any danage.

Very htgh wlnds qere experieneed thls sprlng, but no
serloJls da4age oeeurred. The largest tent was ripped on the stubof a braneh broken off when the tent was ereeted,-but this eouLd
have been avoided by cutting baek the stub, '

Shrlnkage of the tent material when wet presented some
prgblens_._ The hoops_must flt looseLy when the tent 1s d"nr andstlff rubber or steel- sprlngs w111 be lneorporated ln the- guy ropes
next year.

This year the hoops we?e made froun 14 sn (f/e-inctr) eanegr reed, exeept Ln the largest tent where l-tneh eane was used.
The 14 rnr,cdn€ rr.as too-light and bent easlly when wet, and l--lneh
cane w111 be used in future.

Colour slldes were shown to lllustrate the tents, thelrloeations, and the dlsmantllng of one of them.
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SU]'{MARY

Tlm RoI# 0F RIIITBARB IN FoRES,T rREE BREEDII{G

by

C. Helnburge$$

Rhubarb ls used as an ldlon deslgnating lrrelevant natter
in Engllsh and razzLng ln Amerlcanr 1n some eases ln both senses.
Trr-e present tendency to engage 1n frerlpheraL rather than ln eentralaetlvltles ln forest tree breedlng ts a phase eharaeterlstle ef
new flelds of research. It ls destrabLe, even at the present stage,
to stress the lmportanee of eentraL rather than perlph6raL aetLvftf6s
ln thls fleldr be tley eoneerned wlth basle or varlous phases of
-appl-led reseai'ch. fhb aln of forest tree breedlng, as lolnted out
by Matther^rs 1n England, ts the produetlon of cultiliarsr-ln a slnnllar
nanner as thls ls done in other fleLds of plant breedlng. Hlghprlorlty ls glven to ecoLoglcal adaptatlon of the tree uaterlaLs
worked wlth to the varlous man-mad,e- envlronmentE where they are to
be used, Exa:nples_of fall-wheat breedlng 1n Alberta and of Trlttcun-
AsFqpvro{r work 1n Slberla are glven. fhe present preoecupatffiEf,
wood, quallty has Lorr prlorlty ln speeles where nursery survlval and.transplantablllty leqtg nuch to be- desired., Future putpr,rood re-
gulrements (swan, l9r5) also stress present need in wood quantlty
bef_ore qualltf,. -A stand of forest tiees ls assumed usualiy to be an
outbreedfng polygenlc populatlon. From a statlstlcal standpolnt tt
can be visualized as a frled egg. A cross seetlon through Sueh a
popuLatlon ln any direetlon w111 represent a somenhat flittened
n-ormal frequeney dlstrlbution curve. A ttngential seetlon w111 not
chal$g the populatlon structure or the essentlal part of its com-posltlon to a marked degree. Thls happens in most silvlcultural
provenanee tests for direet use-value determj-nations. r,rlth srnall
populatlon samples. samofal (u.s,s.R.) made a staterirent that
provenanee tests should be carried out on a more sound genetie
basls and be of greater value for forest tree breedlng purposeso butfalled to fsllot'r thls in his ourn work. Wlth our present tdowledge
gf Popglatioq geneties we ean so organize our worir in provenaneetests that the eonslderable effort expended ln assembling populatlon
samples of a tree speeies from a wlde-range of naturaf naUitlts ean
be used most effeetlvely in (1) forest tree breedlng. (Z) deter-
mLnatlon of the sllvlculturaL use-value at the place'of testlng and
f3) evalua$lon of the raelal eomposi{lon, ln thii order of rnp6rdnnee.
An outline'of hotr this eould be done wlt6 some of our natlve ioresttlge speeles was then presented. rn some eases lt is easier toobtaln superlor populatlons frbm other areas than to screen loea1populatlons foT superior types. spruee in southern sweden andsouthern Nova Scot-ia were glven as exanples, The genetle basis forthis ls an assumptlon that deslrable, llrgely domiiant genes are
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loeated ln hon-hc;,,c1ogous chromosomes and have evolved to a large
e:ctent independen'Lly in spati-a1ly lsolated polygenie systems.
In thls event great beneflt nay be d€rived from complementary genes
ln future lnterraelal hybrldtaatlon wlth the aln of producing tnore
effleient populatlons than any presently avallable, fhe appllca-
tlon of thls ldea to the layout of seed orchards was then outllned.
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TTIE STATIIS O

IMPBOVEMENT BESEANCH

by

Kelth W. Dorman++

r'o* ii* 
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-;;'*t::il::-::* csmrtte* on southern Forest
free Inprovement lneluded representatives of the wood-uslng industrlest
6nd was-strongly lnterested ln wood quality. A bookJ.et, nSuggested Pro-
Jeets ln the Genetle Inprovement of Southern Forest Treesnrr prepared.
In 1952, emphaslzed study of varl,atlon and lrrherltance of tralts ln-
portant'ln wood qualLty.- In a956, Drs. Kramer and Zobel_prepared a
fremorandr:m to the Teehirteal Assoelatlon of the Rrlp and Paper Industryt
asklng the lndustry to deflne optlnr:m flber eharacterlstles for varlous
produets in varioub l-ocalities from varlous specles, Thls Led to the
developnent of the TAPPI Forest Blology Cornmtttee deserlbed by $ether-
eut (L958). At the Fourth Southern Conferenee on Forest Tree Improve-
mentr a paper. nThe Rrlp and Paper Indusiry tooks at Future Wood
Requiremlnts'ri was read.-by Spleis ft957) of the Southern ftr3-prood.
Coriservatlon Assoeiatlon. anh one on ttThe lunber Ind,lrstry Looks at
Future lfood. Requlrementsr'r by Cothren $9r7 ) of the Southern Pine
AssoeLatlon.

Paul- and Smlth ft95})" of the Forest Produets Laboratoryt
prepared a paper entltled 'tSr:rmnary on Growth ln Relatlon !o-Quallty'of Soutfrern'YLuow Plne"" Thls plper revlewed work done before 1950..

It 1s not posslble to diseuss fu11y aLl the work under way
and the data avallableu but the seope ean be indieated and the dlree-
tlon in whieh it ls golng"

II4PoBTA$CE 0F W00D QUAtrrY rN TBEE BBEEDING

It is easler to ftgirre the value of speelfie gravlty ln
tree breeding work than traeheid length and some other tralts. Thts
ls true beeause speeifie gravlty ean be expressed ln tq"rys_of-pounds
of puLp--a eolmoon-unlt of measurement" A d.lfference of O'O1 ln
speciflc gravity neans 90 pounds of wood per staridard cordr 1O9 per-
cbnt unoislure cbntent (faris , 1916). Variation between tr6es is as
much as O.25n so thls is reai money. Sone slash, longleafl ald
shortleaf ln-Mlssissippl have speeifle gravitles of nearly QrU0 eom-
pared. with an average'bf about 'O,55 (Mit,ehe3-l, f95B) " A difference
in weight of this magnitudeu 2r25O to 31600 por:nds- Fer eordr maY
mean lmportant d.lfferences in ilner quaifty, and thls also can mean
real money.

xsoutheastern Forest Experlment Statlon. U,S"D.A, Forest Servleet
Asheville, N" C.? U. So A.
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Hany pulp and paper comparlies """ establishing- seed. orehard.s
and eontributing finaneially to tree lmprovement research -pfqglaqqcProgress or annual reports ior Florida by Perry and Wang (1917), Texas
by f exas Forest Serviee (L957), and North Carol-lna by Sorth Caro1i.na
State College School of Forestfy 0958) deserlbe these programs. fhe
Florida eooperatlve program has helped 10 pulp and paper eompanl-es_
establlsln L5 seed. orehards" Ten of the 12 cornpanies in the Sorth Caro-
l1na eooperative progrnm are aetlvely engaged. 1n seed.-orehard estab-
llshment.
' Information about envlrerunental and hereditary effeet on wood
quality ls lmportant to si1vieultural work as welL as to tree breed.lng.
Seedllng prod.uctlon this year ln the South should be elose to I blllion
seedllngs. Progressive $tate forestry organlzatlons want to keep the
quality high, It j-s beeomlng posslble nor,q 1n some states to eontrol
lnherent qlrallties of seed thrbugh the seed orehard and seed eertifleation
progra$s. - Slnee mueh regeneratlon ls by seed treesr Bood wood quallty
eould also be eonsldered 1n seed.-tree seleetlon. Aiso, sllviculture is
lncreaslng ln lntensity and wood quallty may be an lnpirrtant conslderatlon
when narklng for lmprovement euts,

som aGENCTES ENGAGED rN RESEARCH 0N W00B QIIALTIY

fhe following co3-leges, universitieso Federal agenclesn and
State ageneLes have publlshed results of work on wood qualltyo or are
hrown to have researeh under way3

lexqs Agrloultural and l{eehanLeal Co13-ege

53r*#l*"r3:tl?"Yl':FTllgs t Gener le s
Ilntversity of Fl-ortda
Ilnlversity of Georgia

$H : 3 t"ffi 
"3f, " 

f 3nilo:lStl;;"'
Southeastern Forest Bfperlnent Statlon
Sorth Carol-ina State College

In addition to the above list, the research departments of
several pulp, paper, and. other wood-uslng lnd.ustrles have actlve pro-
grems.

IMPRSVEr{ffiT 0F nECHISIQUES FoR STUDYTfrG W00D QsAtrry

Methods for d.etermlnlng wood,-quallty factors have been
d.eveloped. or modlfied for use with southern pines beeause of the ln-
terest by tree breeders, A method. for measuring traehelds was re-
ported by Jackson and Greene (L957a) " A nethod used for a stu{y 1n
fexas of variatlon in traeheids length ts d.eseribed by Kramer ft957).
Smith (tgful r of the Forest Prod.ucts Laboratory, publlshed on the
maxlmr:n molsture*eontent method for determinlng' speeifle gravlty of
small wood samples. The nethod requlres only determlnatlon of the
weight of the eompletely water-saturated sample and of the welght of
the ovendry sample. Several methods for wood-quality evaluation fron
lncrenent cores-were deserlbed and. eompared by 

"Mltche11 
&958) .
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targe lnerement borers of B m. r 3/B lneh, ov l/2 inch, and
eore cutters are being used to obtain sanples from whieh speclfle
gravlty, traeheld length, and pereent eellulose can be obtalned
Iufterrbir, ]'f18; N, c; state cbl-tege sehool of Forestrxr L95?). The
North CaroLlna State College projeet used a Llttle Beaver attachment
to obtaln chlps for a study of varlatlon 1n pulp ylelds (Iil, C. State
College, L957).

The rel-atlonshlp between the weighted specifle gravlty of
merehantable vohine of a tree and an j-ncrement core at breast height
has been determined for 1ob1ol1y, shortleaf, slasho and longl-eaf plnes
ln Misslsslppl, M1tehe1l 0958) 

- quotes rirrpubLlshed work of Wahlgren
and Fassnaeht eitlng the eoeffielent of eorreLatlon for Lobl-oLLy ptne
as -O.72O9. Alttrough the flgures,were not glven for slash, LongLeaf ,and shortLeaf plnes, the slope of the regresslon Llnes weie slnlLar
for sLash and LongJ.eaf and sLlghtLy Less steep for shortl-eaf. Wlth
thls infornatlon and the euqve for ylel-d of lraft pulp Ln relatlon te
wood denslty (MltehelLo f.958), lt 1; posslble to eltlirate the yleJ-d of
pulp per tree from lnciement 6ores. Another aid in thls sane type of
ieLationshlp ts the allgnnent ehart presented by Perry and Wang \Lgrg)for d,etermlnlng dry pu3-p yleld of slash plne when wood, voLume and
speelfic gravlty are known"

CORRETATION OF MATURE IdITII JIIIIIEI{IIE TNAITS

Because the tlme eLement ls very lmportant ln tree lmprove-
ment r'rork, tree breeders should take every opportunlty to shorten the
tlne for evaluatlng progeny tests. This ls being done in studtes of
wood quallty by working out the eorrelatlon between eertaln traits of
the mature tree with those in seedl-lngs or youltg trees " If these
eomelations are highr genetteists ean save a ednslderabl-e a"mount of
ttme by not having to walt untll trees mature befere examlnlng the
wood.

Zobel ft956) states that highly si.gnlfleant eorrelations
were found. between the speeifie gravity of the rrood. of young trees(the flrst 8 rlngs) ana the over-all specifie gravlt3r of tire wood of
the same trees when mature. He also reports that the reLatlonshlp
tnay vary from area to area and. slte to slte and thus the exaet flgures
uust be used wlth eautlon; but he does feel that a study of young or
Juv_enile wood lqllL glve a good es.timate of the wood of a uqature tree.
I4_hls study, whleh was conducted ln east Texas, a eorrelatlon eo-
efflelent of 

-0"805 was forxrd for 92 trees. ln a Seed productlon prea.
These were domlnant and eodominant trees l+2 years old. The corielation
eoeffielent for a seeond group of trees 

"epresenting 
extremes 1n

speeifie gravity and ages-zl to 7O years wis 0.856,- Both valueswere
signlfieant at the 1 pereent leve1. In the first group, speeifie
gravity of the Juvenil-e wood 1n different trees wai 0.4i tb 0"68o
ln the seeond O.38 to O.73. Although the speelfle gravity of the
flrst eight rings is generally lower than that ln the entlre radluso
1t exeeed.ed the speelfle gravlty of the entire eore for trees wlth
the hlghest radlal speclfle gravity (above O"5O). The relatlonship
between Juvenlle and total speelflc gravtty thus tends to be eurvi-
llnear rather than llnear. fhere were only a few trees with speclflegravity of jnvenlle wood above 0"50.
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For slash pine, Larson Q9r7) found that sulffierwood pereentage
lnereased rapidly from 6 to 11 years, more gradually from 11 to 23- years,
and remalned eonstant from 21 to 26 years " Average surmendood percent
for 650 trees at age 6 was 40 pereent and at age 21- about 6O percent.

Ia a study of traeheld-3.ength relatlonshtps 1n 12 trees ln
Iexas, Kramer (1917) found that the inltlal rate of traeheld.-Length
lnereirse was very rapld, but it was not so rapid ln ttte outer rLngs.
Gurves of traeheid lengfh over ring nurnber for eight trees were very
slnllar and flattened out after about the 2oth rlng. Ilowever, eurves
for four trees were slmilar to each other but did not fLatten out.
Traeheld 1-engths of the flfth and tenth growth rlngs from the plth
were eorrelated wlth traeheid 3-ength in sueceeding growth rlngs.

Jackson and Greene (!957, 1958) reported that for two. sLash
pine trees 45 ana 60 years old, tracheld-I-ength Beasurenents at 5-rlng
lntervals from the pith showed'that length inereased rapldLy to peaks
between rlngs L5 and 25n and then lnereased. very slowly to the l-ast
rLng. Traeheid Length in the flrst rlngs was about 1.f nrm. and2.1 ro.
for the two trees and about l+.3 um. Ln the outermost rlngs, fhey also
found that traehelds ln the flrst ring were of nearly eonstant length
throughout the helght of the tree. Thls ls very lnportant beeause lt
Ereans that the wood of the leader or first rlng Ln topnost branehes of
trees of dlfferent sj.zes can be eompared.

i,Inforratlon on the volume and qual-lty of juvenlle wood has
been obtalned in studies of varlation ln wood. qual-ity wlthln and be-
tneen trees, Information of thls type is important beeause Juvenlle
wood has many undesirable eharaeterlstlcs, lneludlng short flbers,
1ow speclfic_gravity, and apparently low eeIlulose eontent. Zobel and
McEIwee 119f8a), working in North Carollna, found that ln ? group of
ltr loblol-ly plnes the eore of juvenlle wood. varied. f rom 3. U lnches
at breast helght to l.l+ lnehes-at \5 feet, For 50 slash pine trees
ln a South Carollna plantatlon the average shape of the eores was
exaetly eyJ.indrleal, with a dlameter of 2,f lnehes, and eontained
approxlmately 6 ar:rrual rlngs, They presented a -geneTa1lzed eurve
showlng Juvenlle wood. is produced by the first 5 to I ar:rrual rings
from the plth, followed by a transltion perlod until about the loth
annual ring. . Speelfle gravity of Juvenlle wood was wlthin the range
of O.41 to O,4p for 1oble1Iy plne in pJ-antations and naturaL stands
sampled from Vlrglnla to Texas"

Larson (L957) found that Juvenile wood nas formed ln slastr
ptne for 6 to I years in rlngs exami.ned at 3.5 feet above ground.

COBRELATION 0F BRANCHF'IO0D WITH STEM!'IO0D CIIARACTERS

Correlati-ons between branet*'rood and stemsood are very j.n-
portant because lf they exlst tt ls possibl-e to estlmate eharaeter-
isties of the stemrood of seedllngs without saerifielng the plant.
For lob1ol1y plne ln east Texas, Zobel and Rhodes (L956) found a
eorrelatlon of O.772 between the speclfie gravity of the stem and
the adJaeent llmb sectlon for 30 trees 3 feet in helght, Speeiflc
gravlty of the l1nb seetlons was betr,veen O"33 and O.52"
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Zobel and Rhodes (tg|Z) state that the use of 1imbS toestimate the bole speciflc gravlty of trees up to 11 years of eg€rthe oLdest group used ln their stiray, ls feasible; rrilrrry srgniit6anteorrelatlons were found betl,reen speei.fie gravity of the bole-and thellnb seetibnso -

Fror!_their _stud.y of tracheid l-ength ln slash pLne, Jaekson
and Greene (1957, lgSB) for:nd that tracheid length was lenei,a1lyeonstant 1n the flrst rlng regardless of distanee from the ground,
Alsoo in two p-year-old trees the first-rlng traeheids of the branehes
were slgnlfieantS-y shorter than those ln the stem at all the heightleveIs sampled" the flrst-rlng traehelds in the lgjj branehes w6resignlflemlly shorter than those ln the stem of 3 iobloll-y and 5 slashpine_parent trees used in a study of tracheid-length lnhei"ltane!.For 39 slash pine trees the corrblatlon coeffleleit was 0.73i3. -They
recormend the use of stem-braneh relatlonshlp in studies of-lnherltaireeof traeheld length.

VARIATION ASD INIIERITAI{CE OF TRACIMID I,ESGTH

Traeheld -length varlatlon ln 1ob1o11y pine in Texas wasstudled by l(ramer (L957). zobel (l9j7il surnmariied Kra^ner's resultsas folLons z

(1) sfhe-longest traehelds in eaeh growth rJ.ng were found. inthe latter part of the snrnmerr,Eood." fhls iesuLt ls slmllarto those publlshed by several other workers,

Q) ttThe eomtonly reported deerease in fiber length wlth ln-
ereased growth rate rrlthln an lndivldual tree was notfound. 0utslde the eore of jr:.venile nood (lrith the eurvetending to break at B to L2 years) wlde rlngs and narrow
rtags wlthln the sa"ue tree had about the same traeheld
J-ength.

(3) tt![o eorrelatlon eould be forxrd be&sreen growth rate fromtree to tree and traeheid length of the tree? 1,€or slow-
gror,ttth trees did not always have the longest"traehelds
and viee versao

(t+) ttTrees grolrn und.er nearly identieal environsents, of the
same age, and, of sinilar phenotypes had very dlfferent
trac_leld lengths.'t (wrtnin a group of 12 tiees, Kramer
Q957) founa-the average traerr6ia iength was 3,16 io 4.Zz

mm6 r or traeheid length ln one tree was 2J pereent ilonger
than that of another tree")
Jackson and Greene ftglg) for:nd no dlfferenee in tracheldlength of earlywood. and latercood in 2 trees.
Pll1ow (undated) at ttre Forest Products Laboratory srun-

marlzed some of the Laboratoryrs work on variation in traehbtA tengthand fibrr_l algle as fo11or,rs: ttFlber length and flbrll angles werefound to be d.lfferent at the same helght-and age in dlffeient treesg:fn, ln approximately the same envir5r:ments, Ehus lndleatlng possibleeffeets of lnherlted factors'on these eharacieristics of flb6ri.tt
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Worklng with slash plne ln Georgla, Jackson and. Greene (+gr7,
L958) found that traeheld teneth ln the flrsi ring r+as fairly eonstantt
but in other rings, l-ength lnereased from the base of the tree to a
eertaln height and"then decreased toward the top". In the outermost
ring, traenEld length lncreased to a maxtmum of-l+.97 mm. at the 26'foot'
fev6i and then deeieased to 1,7O m" ln the l-year-old leader at 51 feet.

Varlatlon and lnheritance of tracheld length 1n 7 slash plne
trees r'ras studled by Echols ft955). A.mong 3 of the trees whleh trere in
the same natural stlna, tracheia-fength of one tree vras 64^percetrt
longer than that of an6ther. In anothgr stand tracheids of one tree
aveiaged 28 percent longer than those of ttre tree nearby. Traeheld.
J-engt[ of eqntroL-po11lnated offspring was interrnediate wlth that of the
parent and'was under strict genetle eontrol. Open polLlnation resulted
in an equaLlzlng effeet uhle[ tended. to produee- progenY wlth average
traeheld length.

Greene (L956) found traehelds ln loblo1ly plne branches of
sone trees ln a naturaL stand to be 4L pereent longer than in others
(1r1O rnmo as eompared with L.55) and. in slash pine trees 1n a plantation
l+4 pereent longei (1.O9 mr. as eompared with L-.r7). Traeheld length
tn the eurrent-shoot and. braneh weie hlghly eorrelated. Tracheld I-ength
Ln control-polllnated progeny of two erosses between loblol-l-y p_lne tr_eest
one between-slash pine-trees, and four hybrld progenles of slash x lob-
1o11-y was lntermediate wlth tfrat of the parents, Traeheid length data of
open-poL11nated progeny was about the sanq for_ all groups and demonstrate
the equal-izing effect ieported by Eehols (t955) 

"

VANIATION AI{D INITERITANCE OF SPECIFTC GRAVITY

Speeiflc gravlty is one of the most lmportant characterlstics
of wood with whleh tree breeders have to work beeause lt influenees
nany strength factors ln wood and the yleld of pulp" Speeiflc gravlty
1s lnflueneed strongly by the proportions of earlSrwood and latewood
whleh contaln flbers of dlfferent- ceLl-waLl thlelgless, Thus wsod, of
high speetfle gravlty usual-ly contains a hlgh proportton of thlek-
wal-led traehelds. The nature of the eel-l wal1s lnf luences rgarry quallt-
les of paper"

Varlatlon Between $peeles

Srnall- dlfferences 1n the average spectfie gravity of southern
plne speeles were reported by Mltehell (JgrB). l{ood. samples obtalned.
durlng- the forest survey of I'tlssisslppl show average s1.aqh plne speeif ic
gravity_as O.rr7o longleaf plnp O.,55\-t loblo11y plne 0"487r_shortLeaf
plne O.5L3, and ipruce plne 0"475. Thus, there ls apparently littLe
opportunlty to lnerease-speelfle gravlty-on one speeies very mrch by
transferring genes for this tralt from another naJor specJ.es of
southern plnes. 0n the other hand., a hybrld devel-oped for some other
purpose, sueh as reslstance to pests, probably would have deslrable
trood quallty as far as speelfle gravity ts coReerned" Spruce pine is
a-minor spegles voLume-wLse, and 1ts erossabillty with other southern
plnes is not hrown.
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Varlatlon Between Stadds

Dlfferenee ln sr:mmernrood pereentage was found. between plots
after sourees of varlation, sueh as geographie locatlon t a,ge., number
of trees per aere, slte lndlex, and growlng- season had been a6eounted
for l-n a study of 

-slash pine by Larson (1957)"

C1lna1 varlationn where_lnd1eated, has been-lpall. {g" lfsLash pLne, Larson ft957) i'eported. a deerea6e in specifle gravlty
from east to west and from south to northr &s did Perry and llang (I9r7).
In Larsonts study, .the mean summerwood peieentages for the two reglons
were 6e.03 and, f+|t4 for the South-East-and. NorEh-west" respeetlv6Ly.
and low speclfle gravlties were O"52 to O.fu, high 0.66 to 6.53. Ii'
the Carolinas and norttrern half of Georgla, Zobel and MeElwee (1958a)
found a tendeney for speclfie gravlty to be loner westward from the
Atlantle eoast" In the work reported, maxlmum dlfferenee between
Loeatlons 1n the three-State area was 0.O5" Perry and Wang ft958)state that varlatlon ln sLash plne withln regl.ons ls over twlee as
great as variatlsn betlreen reglons.

Large-seale raeial varLatlon studles have not yet produeed
lnformatlon, beeause most of them wele started on1y reeentLy" Wood.
quaLtty has not been examlned ln the older planti.ngs. Raetal variatlon
studles generally eonslst of pl-antlngs of the four naJor southern plne
sPectes from different geographlc l-oeations, elther Southwlde, state-
wlder or between dlfferent areas withln a siate" These plantings
w111 provide us wLth l-nformation about wood quality of races grown
outside the area of origin,
Vartatlon Between Trees

Vari.atton in speclfie gravity of the wood between trees has
been found. to be mueh larger than between a?eas, In loblolly plne,
specifLe gravity or lndlvldual trees may range from "b;;[-ilLz'ti-6.6r.Thls range has been reported for Texas by Zobel and. Rhodes (195r) and
the eoastal area of North and $outh Carollna and Georgla by Zobel- and
MeElwee (1958a) * The east-west dlstanee lnvolned ls about 1500 mlles.
Slnee d.lfferenees ln el-evation are onl-y a few hnndred feeto thls ls
not an lmportant faetor. About the sane range in varLatlon oeeurred,
ln sLash plne, sampled by Perry and Wang $957) tn eonneetlon wtth seed-
orehard proJeets,

Slash pine trees with 75 to 8! pereent su:merwood and speelf|egravity above 0"70 were reported by tarson Q957). MLntmrrm and ma8l-
truta speeifle gravity from frequeney dlstrlbution eurves for southern
plne sanpled ln eonneetlon wlth the MLsslssippi forest survey as_
given by tr{lteheJ_l (1958) are as follows: sl_bsrr plne" o"35 to o.8oriouioriv, o:rt-i., d:ii;'_ronslear; o-"1i- i" 0:60; 5fr6i{r-#, oI:5'iJ'o.Bo;
spnrce plner 0.35 to O"7O" Ihe extreme values may be due ln sone
lnstances to eauses other than irrherent varlatlen beeause a good. sanple
of the popelation was deslred regard}ess of source sf variation,
Howevern the figures do indleate wlde variation ln thls eharacter"

Larson (A957), from hls work with slash plneu states thatnneonstderable differences in adjusted sumemrood p-ereentages were
found to exlst between lndivldual trees" Total a}er total height,

I
I

I
I
I
I



s_9.

erown-height ratlo, tree spaelng (stand denslty index) r and tree radlus
were not eorrelated wlth sunmerhrood pereentage, and none of the between-
tree variation eould be aecor:nted for by these factors.tr ZobeL and Rhodes
ft955) eould aecount for little of the wlde variation between trees by
studying envlronnental faetors.
Varlallon Wlthln_. rees

In sonthern plnes, speelfle gravity of the surffierwood Ls
about trsiee that of the sprJ.ngtrood (PauL and Snlth, L95O).

Summerftrood pereent ln low-denslty_slash plne trees nay b,e 3O
to 4O pereentr in hlsft d.ensi.ty trees 75 to- 85 pereent (Larson, l9r7).

Varlation ln speeifle gravity l-n slash pine trees r+ras strrdied
by Larson 0957) . A brief revlew of some of his flndings ls as fol-lows:

HIt was found that wlthtn the range of rlng widths nornalLy
encountered ln slash pine stands, rate of grorth exerted. a negllglble
lnfluence on both speeifle gravlty and pereentage of surmelsrood and.
for all praetleal purposes lts effeet may be ignored. The pereentage
of susmerwood was strongly eorreLated wlth speelfle gravlty, aecount-
ing for 5O pereent of ttre total varlatlon, whereas the effect of age
predomlnated tn controlJ.lng the pereentage of surmefirood gradient oR
the eross seetlon. _ Mean sumnerwood pereentage inereased. from about
40 pereent at age 6 years to about 6b pereent at age 2L years and
tended torrard unifornlty thereafter.tr

LittLe rel-atlonship between rlng wldth and speelfl.e.- gravity
was found ln Loblol-ly plne ln Texas by ZobeJ- and Rhod.es (L955).

Compresslon wood^ oeeurs eomonly ln southern plnes and has
many und.eslrable quaLltles. The aetual amount of eompression wood
ln Loblol-ly trees of various types has been studled at Sorth Carol-Lna
State CoJ-lege. The Sehool of Fbrestry Report (1958) states:
ryReasonably-stralght trees eontalned.o on the averag€r 6"0 pereent
eornpresslon wood based on total merehantabLe volume of the tree.
?rees that were somewhat tnore erooked. had g.L pereent sf the volnne
as eompresslon lqood. One very erooked tree }aad 67.1 pereent of lts
total nerehantable volume made up of compresslon wood.

BlndteatLons are that the amount of compresslon wosd.
assoelated with knots oeeupies about the same voLune as the aetuaL
larots ln the boler 1.€., 1f a knot system oeeuples 1O pereent of the
boLe volume, the eompressl-on wood w111 al-so be about LO pereent of
the volume; or if the tree has slender l-lnbs and sna1l lcrots oeeupy-
lng only about 5 pereent of the boLe voLurne, the eompression wood
assoslated wlth those Imots also takes up about f percent of the
vo.]-ume. E

Inherltance of Speelfie Gravitrr

In lg57 Eobel and Rhsdes reported prellmlnary d.ata sup-
portlng the hypothesLs that hieh and 1or speeJ.fle gravity are ln-
herited. Open-poll1nated. seed was collected froro two trees, one wlth
a speeiflc lravity of O.547 s and the other O"452, In the third grqlri.ng
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season J5 progeny of the hlgh-speelflc-gravlty tree and 19 of the
ltw-speelflc-gravity tree were analyzed.. The progeny of the hlgh-
speelfie-gravlty parent had higher wood speelfle gravlty than that
of the low-speelfte-gravlty parent, both as lndLcated by lluab
seetlon and bol-e Eeasurements. Pr6geny of three j-solated and sup*
posedly selfed parents were al-so analyzed. The progeny of the
blgher speeLfle-gravity parent had slgnlfteantly higher speeLfle
gravlty than the progeny of the Lovrer speelfic-gravlty parents.

VARIATIOSI IS CEI.,IUTOSE

VarLatlon ln eeLLuLose ls belng studled by the Sorth
Carollna State ColJ.ege 1n eooperatlon wtth lndustry (ZobeL and
McElree, Jgr9). In tfrts workl wood samples are anhlyzed, by a
nethod devel-oped by Yrurdt and,-Bradway of llnlon Bag-Camp Paper Cor-
poratlon ea1led water-resistant earbohyd,rate and aI-pha celLuLose
of wood.. Thtrty eellulose deterulnations ean be mad.e at one tlnet
uslng only O.7, grams of wood per sample. fhe results are not
Lntended to be used directly as an estlmate of pulp yleLd but as an
lndex to yleld, from whlch varlous eourpanles ean determine th.e re-
Latlonshf! to lts own pul.plng nethod.. - In nature wood, totaL atrpha-
eelluLose variation among 3.obJ-o3.1-y pi.ne trees throughout the area
studled. was found. to be more than 10 pereent, and trater-reslstant
earbohydrate as large as 7 pereent. In JuveniLe wood, the variabiL-
lty was even greater, belng about L3 percent for alpha-eeLLulose and
over 1O pereent for water-reslstant carbohydrates. For alL trees
sanpledr-water-reslstant earbohydrate in mature wood. averaged 3.5
percent hlgher than ln Juvenlle wood, while alpha-eeLluLose_ averaged,
7.5 pereent higher 1n nature wood than ln Juvenile vood.. Ylelds of
water-reslstant earbohydrate and al.pha-cellulose are hlghS-y eor-
re3-ated. Approxlmately 6f pereent of the varlation 1n yleLd of alpha-
ceLlulose ean be aeeounted for by varLatlon in water-reslstant
earbohydrate, To dateo there has been found only a slight relati_on-
sblp between speelfle gravlty of the wood and lrater-reslstant earbo-
hydrates both ln JuveniLe and in mature wood. It ls obvious, howevert
that eellulose yLeJ.ds are greatly affected by speelfle gravlty lf
computed on a volune basls. Slnee ln normal loblol"ly plne wood,
a ehange of O,01 ln speelfle gravlty means a ehange of about 90
pound.s per eord (Taras , 1956). ZobeL and MeElwee eonclude that
tree-to-tree varlablllty ls mueh I-arger than d.lfferenees between
the sites studied. If enough of the varLabllity ls inherentr lt
w111 enable the genetielst to breed up stratns of hlgh prod.ueers.

1'J00D QTTAITTY IN EARDI{00DS

In hardwoods, the development of teehnlques for studyLng
varlatlon and lnheritance tn wood qual.lty has not kept paee with
the work fn softwoods. Reeentlyr however, there has been lnereased,
lnterest ln thls field of work, and some pressure frosn lndustry for
a tree-lmFrovenent progran. Studies in quaLlty wonld be a part of
a tree-{nprovement program.

- Shere are a few reports of work with hardwoods. Bailey
(191+8) d.escrlbed the work of- the fennessee Valley Authority ln
nethod.s to prod.uee fLgured wood.. Rrtnam (a928) wrote on the
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oeelli:-r*,,lee of hei,riwood. and. flgure ln red. gum. Wright (f-*t4) found
ehrarqo;ome numbep varied. 1n ash and mapLe ln Alabama and. suggested
the'i this cond.ition night result ln dtff erenee ln wood. between trees.
Paul- and Norton (i936) studied the r+ood of yeL1ow-poplar and eoncl-uded
lt 1s abottt twiee as variable as that of hard. naple" Thls year
touislana State College ls startlng work on the eytology of bottonland
hardwood specles a.nd thls work nay thrcrw light on the subJeet ef poly-
ploldy ln those speeies. Yellornr-popl-ar sel-eetions thought to have
flgured graln }lave been made by the Southeastern Forest Experinent
Station and ttre Tennessee Va1"1ey Authorl-ty Dlvislon of Forestry Be-
l-atlons. Grafts or euttlngs of some trees have been established, ln
Tennessee and Georgla"

IAIORK IIEEDED 0s TIIE GENERAL PROBIEM 0F W00D QUAIITY

Tree breeders should have the foLl.owlng irformation abont
wood quaLity for eaeh speeles; (1) varlatLon betneen trees under
r:nlfofu envlronnent; (2) varlation between Loea1 stands and dlfferent
geographLe areas thronrghout the natural range; (3) variatlon wlthtn
the tr-ee ln relation to number of rings from the plth, and helght above
the gronnd for various rings t (4) varlatlon betvre6n ti'ees ln the pat-
tern of wlthln-tree varlatloni (5) inheritance of traits, includlng
the pattern of variatlon irithln trees t (6) eharaetertstlcs of wood
produets mad.e from naterLal representing the range of vartatioa ln
each specles; (7) effeet of environnental factors, espeelally those
related to fast grcntrth of lndlvidual treesr of, varj-ous wood eharae-
terlstles.

Some of the snbJeets llsted have been studled ln southern
pLnes but not all for alJ--speeles, In the lmned.iate futurer lnfor-
slatlon on the foJ.loning speElfle subjeets wou1d. be useful-:

(1) Characterlstles of the wood of geographle races grohln ln dtf-
ferent plaees. Thls is partleularly i.mportant Ln raees seleeted,
for charaeterlstles other than wood quallty,

Q) Effeets of flber charaeteristies other than weight, sueh as
J.ength, stlffness r'ee11-r,ra11 thlelsress r *t9 : r obtalnable
through seleetlon-within a species, on qualLty of varj,ous
papers; and the effeet of miiing fibers of dlfferent_types on
the quality of varlous types of paper" A1so, the effeets on
paper of mixing varlous types and inounts of'softwsod^ traeheids
wtth hardlrood flbers,

(3) Seasonal- gror*th patterns of lndivtdual trees wLth dlfferent
earlytrood-laterwood ratLos to see 1f trees wlth hlgh pereent late-
wood grov faster than others durlng the surmer months or merely
form wood of this type for a longer perlod of tlme; aJ-so lnforma-
tion on inherltanee bf earlytroodll-atiwood ratlos and the eause of
ehange from early to Latewood produetion"

(4) Morphologieal and ehesleal- eharaeteristics of the wood of stralns
developed for hlgh gr:m yieldo resistanee to d.lsease, d.rought.
reslstanee, and others, to iisure that they have no inportant
undesirabl6 traLts"
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(5) Varfatloh and fulherltahee of bark-thlelsress. Bark ls generaLly

a waste prod.uct n and ffi it ls worth wh11e to seleet agalnst
thick bark we should do so.

(6) Speelfle gravlty, tracheld. length, ceLLulose eontent, and, sther
eharacterlsttes of the wood for tfees grown at a very rapLd rate.
These tralts are not generally correlated wlth gror,rth rate, but
we are not sure we Jrave been r'rorking on the hlghest llntts of
the range 1n groirth*rate for aLl speeies in varlous geographie
r-eglons. Tree quallty, such as taper, erook, and llmb dlameter,
shouLd be consld,ered.. -Slnee tree slze and quality are Bore
inportant in determlning net returns for eertaln produets thaa
are nnmber of trees per aere or totaL volume. it ls d.eslrable to
Efow trees at as fast a rate as ls eonslstent wlth the partienlar
eharaeterlsties needed for the partlcular produet.

Q) Results of progeny tests for eomblnations of good eharaeters.
Some genetleJ.sts feel tt ls most effleient to-seLeet for one or
at least a very few tralts at one time, f.he real problen needs
deflning, Is lt the dlffleulty of flnding trees wlth a good.
eomblnatlon of traltso ls lt ln the meehanlsm of lnheritaneer
or what? 0bvlousLy we ealtt b.ave hlgh and 1ow speelfle gravlty
or J.ong and short traeheld ln the sane treeo but eombLnations
of deslrable tralts for prd.p, lumberr ffid poLes would be desLrabLe.

(8) Cornblning abllities of seleeted trees. Thls must be determlned
so tree breeders will lmorrr hor^r much, if any, weight shoul-d be
glven to comblning ability when sel6eted trees are rated. At
present we do not htoro if trees vary ln courblnlng ablJ.tty.

SUMMARY

Consld.erabLe enphasls ls being plaeed on wood quallty 1nforest tree breeding ln the Southo partleularly ln proJeets suptrlorted
by puLp and paper and other wood-uslng industries, -The rnaJor sbuthern
yeJ-Low pines have been studied most frequently.

0bjectlves of the work on wood quallty ln southern pJ-nes
are: ts dlstln-gulsh the effeet of eaeh environmental faetorl to hrors
what and how mreh variation exlsts withln trees. between tree6. and
between races; to develop teehnlques for estlmattng wood qua3-ity;
to determlne lr:herltanee of charaeters assoclated wlth wood quality;
to eondnet sel-eetlve breedlng programs for the d.eveJ.opnent of stralnswlth speel.al wood eharaeterlstles I and to establ-lsh s6ed orebardsfor nass produetlon of seed " 

'

0bJectlves of work wlth hardnoos are to seleet strains wlth
flgured grain, and to determlne heritabillty of figure and varj.ationin uood.

Teehniques for obtainlng samples for use ln rsood.-quality
deternlnatlons and th.e analysis of samples heve been largely perfbcted
f-or plne r but addltlonal r^roik w111 proLably be needed foi e6rtaln
ehemieal-analyses and to determlne yfefa oi pu1p"

Speelfle gravlty varies wldely between trees and appears to
be nnder strong genetle eontrol.
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SnaLl- eLtnaL varlatlons ln the speei.fle gravtty of the wood.
of 1ob1o3-1y pine is indj.eated. In Mlsslsslppl speelfle gravlty de-
creased with inereaslng distanee to the north from the eoastal- area.
fn the Carollnas speeifle gravity deereased with dlstanee westward
from the eoast. Also, specifle gravlty varled sltghtl-y beb*een areas
Ln the eastern seetloirs of North and South Carolina.

Cl-lnal varlatlon ls lnd.teated ln slash plne ln Florldar with
speelflc gravlty Lowerlng fron east to west and south to nortb. In
both mature sl-ash and lobl-olly plne speeLfS.e g ravlty is always g reater
from tree to tree than between regl-ons or sltes.

Speelfle gravlty of the oLder wood ls eomeLated wtth that
of the rrood near the pith.

Traeheld length varles wtdely between lndlvldual slasb and
loblolly plne trees and ls under strong genetle eontrsL.

Tracheid J.ength ln the flrst ring of branches 1n the Epper-
aest whorl ean be used as aa lndleation of the traeheid length ln the
flrst rlng of the stem. Traeheld length 1a the flrst rlng fron the
ptth ln slash and loblolLy pl-ne is eonstant throughout the entlre
helght of the tree. Traeheid length of mature wood ls eorrelated,
wtth that aear the eentral eore of the tree.

Varlatlon between trees ln traeheld Length and speelfle
gravlty is sufflelently large so that these traits should be eon-
sldered ln tree breedlng proJeets. Apparently an opportunity exlsts
to seleet within specles stralns that have wood welL suLted for
speelal produets or whieh wlLl produ.ee a greater than average yleld
of puLp,

Envlronmental effeets on' eharaeteristlcs of the wood are
snall. It is very dlffleult to adJust for environnentaL effects so
that genotypes of trees growlng in dlfferent stands ean be aceurately
d,etermined.

I hope thls srunmary w111 be helpful to others and that they
ean profLt by the experienge of men in the South. Southern tree breed-
ers feel they are a long way from havlng the Last word,, and there l-s
nueh to be done. We probably didntt Imow how mueh we dldnrt lnrow
about the subJeet untlt we'started work, However, eondltlons ln the
Sotrth are nearly 1dea3. for applied tree.breedingr-and 1t ts a real
opportunity for the tree breeder to prove he can'produee sonethlng
valuable to forestry"
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IIIVESTIGATI0NS 0F VAnIATToN IN W00D QUAIITY 0F S0UfHERI{ PINES
AI{D -ITS G,NNETIC SIGNIFICAIilCE

Introd.uction

A strain of trees whleh ls lrlherently healthy, fast-growlng
and stralght-boled ls of llttl-e vaLue if the quallty of the wood,
prod.ueed ls lnferlor. fherefore, the possibllltles of lnprovlng wood
quallty have reeeived eonstderabLe attention by forest genetleLsts.
Most of the researeh has been of an exploratory nature. IIow much
and what klnd of varlatlon ls there ln the wood, propertles of a tree
speeles? Hotr mueh tnfLuenee does varlatlon 1n the envlrorunent exert
on the deveLopment of a glven wood. property? Is there a conslderabLe
degree of variation ln wood qual-lty that ls rurder genetle eontroL?
Genetlelsts have been foreed. to beeone wood. teehnoLoglsts ln lnves-
tlgatlng these problens. Sinee most Amerlean research ls flnaneed
by the pulp-and paper lndustry, mneh of the researeh 1s centered on
examinlng eharaeterlstlcs of wood that Lnfluenee pu3-p ylelds and
pulp qua3.lty.

The results of these expLoratory studles have been suffl,:
elently startl-lng as to cause TAPPI, the Teehnieal AssoeLatlon of
the h1p and Paper Industry, to form a speelal eonnrlttee on forest
blology Ln lg57, The forest btology eorolttee held 1ts first
slmposiun ln l{ew York last wtnter, Proeeedlngs of thls syaposium
were publlshed. in the Aprll issue of TAPPI, volnme 4L, nunber tr,
Fp. t45-t8o. By referring to the papers of this syrnp6siun, plui the
llteratnre they elte, one ean obtaln a eonprehensive bibltograpby of
Aneriean researeh woik on the control of wood qual-lty througb ln-
herltanee,

The researeh on rnrood quaLity of pine speeies has faLlen
l-nto two general eategories: (1) actuaL progeny tests of trees
raith eontrastlng wood eharaetertsties, (2) fteta lnvesti.gattons of
the klnds and patterns of varlation iir wood propertles for tree
speeles.

Thls paper presents a brief resnmE of the progeny test
ftndlngs plus a nore eomprehensive dlseussion sf the fleld find.lngs.

Proeeny Test Resu'lts

There are only three basle progeny tests on wtrlch Amerlean
publleatlons on the lnheritanee of wood propertles are based., The
oldest progeny test r,sas inltlally lntended to irvestigate the inher-
ltanee of gum yield eapaelty at the l{aval Stores Research Center at
Lake Ctty, Florida: of the U,S" Forest Servlee, Thl.s progeny test
Idas exand:ired by Meigenu Hoekstra, .and Eehols tn 1955. These authors
found that there was a deflnlte genetle control of gr:n yleld eapacity
for the trees in this study and that this gr:m yleld eapaeity was
eorrelated wlttr genetLcally eontrol-led varlatlons ln the viseosity
of the ol-eo-resj.n prod.ueed, fhe nr:sber and size of the radlaL-resln
dtrcts ln the wood iaried wlth the age of the treeo and under the
eondltlons studl"ed. no eorreLatlon of these eharaeters was found

*Iltrlverslty of F]-ortda, Gainesvilleo F]-a., U.S.A,
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uetween trre parents and thelr progeny. Sehopmeyer subseque"iit n""
been abLe to show a eorrelation betveen restn fLow and pressure and
thai the pressure of the oleo-resln exudate ls genetlcally deterslned.

Eehols, in A955, re-examlned the wood sarnples taken from
thls same stud.y. He forxrd that the flbrlLar angle of traeheids uras
hlghly eorrelated with traeheid J-ength and that nlnety-one pereent
of the varLatlon ln fibrlLar angle eould be attrlbuted to varia-
tlons in traeheld length. Exanlnlng thls same aateri.aJ-u Eehsls
.found that the lnherj.tanee of traeheld length was rj.gldly eontrolLed.
by a multiple series of genes. 0pen-po1"Linated progeny from mother
trees wlth J.ong traeheids tended to have trachelds of average length
whlLe eontqol-poLlinated progeny had traeheld lengths lnterned.late
between those of the two parents.

Jaekson and Greene, tn L957, reported on the results of
studies on open-polllnated piogenles and a few contrel-poJ.Llnated
progenies of slash and lobl"ol"Ly plne at the lda Cason Cal3.or'ray
Foundatioa in eentral Georgta" These workers found a strong eor-
relation between the traeheLd length of the parents and the
traeheld Length of the progeny, The traeheld lengths of controL-
polllnated progenies were tntermedlate between tbose of their
parents ln agreenent wlth the findlngs of Eehols"

Zobel and Rhodeso 1957, reported on the results of
examlnLng progeny of isolated 1ob1olly pi-nes in the western ex-
treme of the range of thls speeles. They found that there was
a hlgh eorrelation between the speeifie gravitles of the wood. of
_the progeny-and. the speei.fS.e gravltles of the parents" ZobeL and
Bhodes t 1956, fonnd that speelflc gravlty varled wlth age of the
tree, froT juvenile wood. to uature wood, and were abLe to eorrelate
the speelflc gravlty of juvenlle wood with the speelfle gravlty of
the mature tree. They d.emonstrated further that lt was possJ.bl-e,
by eorrelation analysisn to assess the inheritanee of speclfie
gravlty. usJ-ng 1lnb seetj-ons of the progerly? thus avoldLng the
neeessity of destroylng the treeo

Although lt was not Aneriean r^rork, one should not Leave
the toplc of progeny tests lnvestlgatlng wood, elraraeterlstles in
pLnes without mentlonlng Flelding, L953n who lnvestlgated varia-
tlons ln the wood eharacterlstles-of Moirterey pine by using grafts
of s1x eLones. In sampllng the grafts sf these elones, he found
evldenee of lnherent varletlons ln speeLfie gravLty of twenty per-
eent or &ore between eLones" Sptral graln was found to vary wldely
from clone to el-sne; ln some eLones lt was hardl-y notleeable, while
ln others the angle of splral was severe and. contirrred to prod.uee a
twlsted graLa throughout the llfe of the tree" IIe found that there
rras a great deal of variatlon between el-ones ln thelr tend.eney to
produee Imots and eone hoLes, One of Fieldingts most lnterestlng
flndLngs was that splral grain varled markedly with age between
elonesn 1n some l"nstanees a elonal spiral would inerease with age
and ln others it would deerease.

Fleld Test ReSrllts
Far nore interestlng than the seanty results of eurrent

progeny tests are the results from samplings of natural stands of
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tfees in order to'd.iseover the klnds and types of varf.atlon 1n wood.0haraeterlsties and the faetors lnfluenein!'tfrem, 
-Zobe1 

and Rhod*",Lgrfr-have made a very thorough st"ay tr the influenee of environ-mentar faetors on the growth and deveJ.opment of wood in Texas. Theyreported-findlng_ no eoirelation between-elther wood speelfle-i""vitiand..density.of the stoeking of the stand, sLte indexr'or lfie fioiitu}eeontent of ttre sol1. There was al.so no 6orreLation 6etween tfie-iengthof free bore ln the stem of the tree and the aeveioprnent of wood-denslty. tarsen (].gi7) sarnpled trees from a nueuer-of stand.t of slash
P-1ne seattered through the }or:.theastern United States. He found thatthere was no eorrelatlon between speeifle gr*vfty *ta-tfre various sLtefaetors that he^lnvestlgated. lar'sen repoited tirat there was an ln-gre?:e.ln speciflc -gravity of slash plne'from west to east and fromno?En fo southr su-ch_that the-speeflg gravltles in the southern partof the-regton ieaeled magnltudei of .6 6r hlgher. He attributed thlsvarlatlon ln speeifle gravity to variatlon ii tfre anount of ralnfall-oeeumlng ln the rnonths of Jgry a4d August. Aetuallyo there-JrJa
number of faetors that vary in- pafalleL with the ratir-faLl ior lf*s
-1eg19n and hls eorrelatlon of riinfall pattern u*y U" spurlous.Van.BulJtenelr t95,9t raised ronro1li-prite se"afin[s under eontro].Led.envlronmentaL- conditions where tenp6riture, trrieitton an6 the-ptroto-perlod were varled frequently throirghout tfie ;d;;n;-- ue was--"ui"' tolnerease the thlelmess -of the traerr6fa waLl but not the alameter, bylTereaslng the temperature. Hlgh soii nolsture tnereasee-til;-tilcn-eld dlameter but not the thlelmEss of the trJcrrefA-lral-1. There-an-
Peared-to be no Lnfluenee of photoperiod on the traenefA **fi-io#"-tlon of the |ou]9]rq plne. seehllqei with whleh he was experlmenting.rn fleLd test Yill irliga_tton ana"prrotoperiod p1otl, vro-nurjtlnenwas unable to lnfluence thg pr_opertles br trre 'Fooa 6r roature-rouibrryplne trees. Th" sanrples of Zonif and, tarsen were large, rnvotvingthousands of trees aid months of 

-arauous 
inrork and there can be nodoubt that there ls l1ttle slgnlfleJnt correlatlon between thec1assleally elted faetors of Environment ana tne'd.evelopnent--of wood.charaeteristies for southern plne.

Most textbooks and modern referenees i.n American forestrycite a dlstlnet eorrelation between the growth rate and speclfieqTPvily of eonifer wsod" They +so repoit that traeheld iengifi-anaflbrlL $Sle deerease with grbwth rai*^.--ffr" -"*r"itr'of 
fieLd examlna-tlons of treesr, however, reieaL that there appears to be ansotuCeiyno eorrelation between growth rate and these btfrer eharacters forsouthern plne.- Spuru- ina Hsirioe, in-igf4r-rrt"rlia-ttat threre was noapparent eorreLatlon betwegn srowth rate ina tne speciftc gr*oity--for red pine. zobe]r.-ln hls iexis st"ay, examined^ihe effeet ofgrowth rate on, speeifie- gravlty and trJifieia iJ"sih, IIe found. noeorrelatlon between elther gro#tn rate and wood deniity, 1"""["ioLength or flbrl]. angle. Zo6elu "rra-f*rry and Wang, h"ve beens-eleetlng trees of outstandlng'grorrrth rate for a ir*ruer of years lnthe southern Unlted States, 6nE of irre-flrst trrinss done in thlsselection work was to make a eoarparlson between st&tr, rates and the

lrecifle gravltles of the setectia ir"*s and of ranaon i;;;; ;f-average growth.rate. The frequency..eiiiriuution-ai.s""* in Filure 1
,(P"* page s-23) lttustrates ttie vii'ruiion in tlre speeiflc gravity ofthe ruood of sLash plne. Th-e spge*i; [ravlty for ninety-sEven-siashp-1+9 trees of averb,ge growth rite-rs-rEpres"irtea-uruTrr" solld lLnewhile the speelflc [ravrty of the nineiy-.even seleeted trees srourl"g
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2.6 tlnes as fast as the surro*.Ur* donlnant and eo;dominant trees of
the same age ls shown by the dashed. Line, fhe seleeted trees avelaged
four to slx groLrth rings per Lneh of wood radias. The average spectfle
gravlty of the average trees was Q.532. The .003 dlfference ln speei-
lf" gravlty ts non-signlfleant, W+th the rsood sampling nethod. usedo
there was no correlation betnreen wood speelfle gravlty and growth rate
in slash pine. Zobel has mad.e a sinil-ar ftndlng ln hls sel-eetlon pro-
gram wlth 1-ob1oL1-y plne" Flgure 2 (see page S-23) lttustrates the
varlatlon in speelfle gravities of seleeted trees of the Internatlonal-
Paper Conpany for North and South Carolina reglons. It should be noted.
that the average speeifle gravlty falls in the reglon of 0,54 to A.r5.In another study, Zobel plotted the speelfle gravlty dlstrlbutlon for
over a thousand 1oblo11y pine trees and here again the average speel-
fle gravlty of the trees felL between O.fu and, O.55.

There is a distinet eorrelation between wood. properties and
the age of the tree. As FLel-dlng has reported, there ls a eorrelation
between the angLe of the splral of the graln of wood and the age of
the tree. Hergen, et elr have observed the varlatlon in the number
and size of resLn duets wlth ag€n Jaekson and Greene observed the
varlatlon ln tracheld length and fibrll- angle wlth flg€. Zobel Q957)
has lnvestlgated the variation in speeifle gr,bvlty wlth age for a large
number of trees chosen from nany stands and found that the core wood of
1ob1o1J-y pine trees had an average speelfic gravlty of O.4f wh1le the
speelfie gravity of mature wood averaged. O"fu. Flgure J (see page S-e3)
lllustrates the varlation 1n speelfle gravity between Juvenile wood
and mature wood for a single stand as observed by Zobel.

The eurrent literature regardlng the effeet of the envlron-
raent on varlous wood characterlstles can be attrlbuted to fallure to
reeognlze lndlvidual varlatlon and the varlation ln the wood. ehaqae-
terlstles wlth age. The speclfle gravlty of lndlvldual trees coxil-
monly varles as mueh as plus or minus 0,1O from the nean of trees
fron the sane^stand., growth rate and age class (Flgure 3), Henee,
wood samples from oirly one or a fen trees of a given eategory are
got ad.equate for drawlng coneluslons regard.lng a glven hypothesis.
Many workers have failed to aceortrt for the eorrelatlon of speelflegravlty tulth age. It is not val1d to eharaeterlze wlde-rlnged rsood.
samples from the eenter of a tree as representatlve of fast grciwth
rate and then to eharaeterlze narrolr-Tinged wood. samples from the
exterlor of the tree as representative of slow growth rate.
Ild_egd, 1n terms of basal 6.rea and volume lnerement, the Juvenlle and
adult growth rates may be the same. 0n the basis of these flndlngs,
the whole matter of the lnfluenee of the environment on wood eharae-terlstles should be re-examined by wood technoLoglsts. It may even
be posslble that standards of speeifieations for structuraL tlmbers
ean be modlfied ln some degree as a result of re-investigation of r:"ir,.it;
sampllng proeedures ln aseertaining the effeet of the envlronment on
wood properties.

Flel-d sampling of wood denslty ore? the range of the varl-
ous southern plne speeles has revealed varlation of wood speeiflcgravlty with speeles and wlth loeatlon 1n the geographle range of
the_speeles. -Larsen, A957, observed that the percent of susmer
wood and speclfie grAvlty i"nereases from north- to south and from
west to east for slash plne" Mltche11, Lg58a reportlng on the re-

I
I
I
T

t
t
I
I
I
t
I
I
I
I
I
I
I
I



I
t
I
I

s-21-g-

sul-ts of specifie gravity determlnatlons taken ln the eourse of forestsurney ln Mlsslsslppl noted a north to south gradient of lncreaslng
gp$clflc-gravlty for all of the plne speeies frdwlng 1n Mlssisslppl(slash pine, longleaf pine, shortleaf plne, Loblolly pine. and. siiueeplne). Pg"TI and Wa_ng t 1958, for:nd a gradient ln siairr plne spe6iftcgravlty slmilar to that obseived by Laisen, Speelfle grlvitlei lnthe we_stern part of the sl-ash plne-range averaled betw6en .50 ana
.)2t.w1111e ln the reglon of south and eentral Florlda the speclfleg,ravltles reached as hlgh as .62 or more. It 1s to be enphislzedthat in all of these studles, varlation wlthln reglons ls'far gr€at-er than varlatlon between reflons. Thls was llluitrated by tnE aataof ZobeL showlng the variatlon ln speelfie gravlty for flfty treesgrowlng on the same slte.. He also observed-an lnLrease ln SpeeiflegravllI from O.52 to 0.56 tar samples taken aLong a transect'from
lnLand areas of nortl:ruest Georgla- to eoastal reglons of south
CaroLlna (Fleure 4 - see page g-23).

Sueh varlatlons ln speelfie gravity are of extrerqe ln-
P-ortanee to eurrent forest nanlgement, - Thls ls not only beeause ofthe varlatlon_ln dry pulp ylel.dJ sbtained wlth narlatloir fn speelflegravity-but aLso beeause- of the varlation ln the amount of eo6klngrequlred to dlgest prl]-p of hlgh speelfle gravlty eompared wlth pulp
of _low speeLfle-gravtty. One-eoralrany ln tne soirtheait, for exaipieo
had an opportunlty to pnrehase puipw6od from erown 1an&s 1n the '
Bahamas. The wood. ln thls reglon is of exbrenely hlgh speelflcgravity. The wood ln the bulk of the land.s of the paper-eompany 1nquestlonr -however, ls of eonslderably loner speeifii &ravlty. ifreeompany dld not purehase the wood. ln the Bahanas sinee it wbulcl
have_requLred adiusting the eook ln the pulp miLl for the relatlvely
sna11 amorrnt of wood obtained from the Blhafras. It behoves forest
management to prepare at an early d.ate a eomplete map showlng thevarLation ln pfe-eifie gravity ovbr the rangei of the- speeles theyutlllze. Wlth thls information they ean piediet the yields to bbobtalled. per eord of wood purehased" and tlre amount of'eoomng-re-qulred when wood ls belng utiltzed from a given reglon,

Diseusslon

Ihe varlation ln sp-eeific gravity for slash and. lobJ.ollyplne-ls between 0161 an_d 0,tr-5r wlt-h Ihe avbrage speelfle gravlty-'falling 1n the_neighuorhood. of a.fu. The dry-puli yield irom tLeslash or loblolly plne tree vrith a speeifle brlvlty" of 0.6f wouldbe twenty-two pe-reent above average, Observittons- by gouei, fJmy
and Wang, and other vrorkers seleef,lng superlor slash'ana fo6fo1ly
p+PP trees, has indieated that only one tree 1n every three huaitied
wi.LL have a speelfle gravlty resultlng in a dry pulp- yleld lnerease
9-f twerlty-two-pereent. fweirty-two peieers rJr" tiiJr6rbr*l tfie - ----theoretical naxlmum inerease in puli yield th;t ean be obtainedthrough_seleetlon and breedine fbr frfbn specifle gravlty slash plnewood. It is un1lke1y that the first genei'atton of breeblng of "sLash
plne w111 yleld even eleven pereentu 5" haLf of this amounl. Thl-seleven pereent-improvement e6ntrasti sharply with the fifty-pereentlnerease antlelpated_ by some forestels, Ftbure 5 (see pag; s-zZ)
shows an_ altgrunent ehart for the d.eterminatlon oi the titir dry
Falp yleld of a tree when the speclfle gravity and the volurae ilf tfretree are lstown. By ustng thls chart, t6e potbntlal- puLp prod.uction
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p_er.acre for seleeted tree progenies ean be esttmated. The study ofthis aLlgnrnent ehart reveals the dangers i-nvolved in sel-eeting tiee
phenotypes for hlgh speeifte gravlty at the saerlflee of volumesuperiority" Taken in the same age c1ass, a tree twenty-two pereent
superlor ln volume and of average speei.flc gravlty will produce mueh
utore wood. than a tree of average volune, twenty-two pe?eent superlor
in speelfle gravlty" Most pulp companles partlei-patlng 1n the-Unlver-stty of Florida and North Carollna State Gboperatlve Forestry Improve-
nent prograns are seleeting trees of average or better eharaeterlstlcsald of {ast growth rate" Seedllngs for the next traenty te flfty years
of pl.antlng wlJ.1 eome from these selections " Further lmprovementb lnspeelfle gravlty and wood prurpertles will- attend. the seeond. eyele .of
seleetlon and breedlng tha'b r'rlli begS-n abuut ten ts flfteen ytars henee.

. Zobel has dempnstrated that. the speelfle gravtty of the
Juvenlle wood of loblorly pLne ls O"\5 qrh116 the speelflc- gravlty for
mature wood. averages- 0.fi. Lcbtr-11"1y plne produees more Juvenlle-wood.
!h*! sLash plne in the order of seven-to elght rlngs as eontrastedto four to flve groreth rlngs" Foresters have proposed to reduee tbe
amgunt of JuvenJ-le r,rood by grourlng trees sl"owiy for a number of years
and then releaslng them whl"le another proposaS" fsr reduelng the voL-
ume of core wood ls to plan'h .sl"ash plne lnstead of 1ob1o3.1y ptne,f$l proposaL has l:een made in spltb of the faet that fobL6Liy pinewllL prod.uee nore wcod than. sl.ash pine CIn many sltes, What ale-thepotentlal resu.lts rf these ingenlous prcposaJ-s to el-imlnate the
evl1s of Juvenlle w€;oa.?

The ailgruuent ehart ind:ieates tha'b ,'J"20 eords of eore woodwith a speelfie gravlty of 0,4f wi13.. yield -i95 pcrincis of dry pulF*
whlle o"2o eords of outer''v;'cod w1li y:l-ei,i el+o pbunds of dry-pillp:'
Let us assume an atieinpt to gron trebs sJ-orvl_;z l"n thelr Suvbnile-stages ln order tn rediree i,he dlarneter of the eCIre wood (an lmposslble
!?tk, as expJ-alneci in a Later paragraph) " T,ei tts also suppose thatlt was posslble ti red'uce the &tametei of the r:ore wood by'one-half(from three to i,ne-and-a-ha.i.:.- :i.:rehes, t'c,.r example), then tfre hypo-thetlcaL volr:me of 0.2O e:rr"js .rrr eor6, wocd wc-:.i.C b6 redueed frbft
1-95 powrds t,: l+9 pout:.ds, f?:e F:r:;Jt€ numbe::..ef y'ea.rs would be requlredto produee the smarie:r an,:'t:"i:. t:'f r+oor1" l+i peunds 1ess pulp woutd
be prod,ueed in the ;or"or.s';^ Can l-46 fiounds-ef dr;r pulp-be-thrcrt^rn
away?

The ter.m 'tjLit'eni1c r:,rilsflrr 1s a pr.lsnemer" Core wood of lowspeclfic gravlty ls found at the top as we1l. as at thgr base of thetree. Eaeh 3-ayer of anrrua.l- lneremei.t eontalns eore 5ft juvenlJ-e wood
and outer wood._,_ Ilence, 1t is impossible to reduee *f,e d.iameter of the
eore- by one-hal-f wlthout maklng a reduetlon j-n the bxterlor wood byone-ha1f, The volume of the tree would be redueed by three-fonrths
ln the proeess" Core wood vel-unes ean be slgntflcantty redueed onlyny STrylng trees slor^r3-y thr*ughopt thelr llfd eyele" the speeLflegravlty of a slour-grcwing t"ree would not 'b'e altered because- the
eore wood with low speeifle gravlty and quier wood'with hlgh speelfleglavlty- would^ be altered propcrtlonately" rt ls lupossible t6alter t4* speelfle gravlty ef slash ptnb rurood by s3-owlng growthrate and as a correLarrs i'1, is impossfbJ-e to alter the voLurae ofthe eore weod wltkrout eorrespondlngly alterlng the volume of the tree!
Theterms'|Juven11ewoodiiand.?tmaturbw,*{:;d.|saieunfortunateandw111
J.ead. to eonfused thlnkJ"ng ln tire future"

I
I
I
t
I
I
I
I
I
I



s-26.

Ttre _authors suggest the tern aeore wood.n or nplth woodn be used lnprefrrrenee to the term nJavenlle woodn and that the tern Houter woodHor rtexterior woodur be used in preferenee to the terg tfmature woodH.

Va*atlpg _ln Qq-llu].ose Content

This semlnar dtseusslon on variation in wood eharaeterl-s-tles of southern plne would not be complete sithout sbme dtseussj.onof Zobel- and HeElrueers ploneerlng work-on the varlatlon ln eeLLulose
eontent of lob1ol1y pine trees.

Ilsin_g"large sise lnerement bores and speelal uslero-analytieal teehniques, Zobe! has been abLe to determine the water-resistant earb_ohyd.rate (holo-eel-luLose) and alpha-eellul-ose eontents
?{. a large nunber of J-obJ.elly plne trees. ThiS study is sttll is
ltl "*ploratory stages but zbu6t tras aS.ready diseoveied. some strtkt4glnformatlon. Tbere 1s a strong correlatiorbetween the water-reslstant earbohydrate eontent-and the al-pha-eeLlulose eontent lnthe-treet as shown qy_ Fi-eure 6 (see page s-zn. Ehe al.pha-eelluLoseeontent lncreases r+lth the age of the wood. lald d.onn ir a given treeand,l sa the average, the alpha-eelluLose eontent 1n euter #ood lsseven-and-a-hal-f pereent hlgher than 1t ls Ln core wood.. fhe next
tr+o flgures shots the variation ln aLpha-cellulose eontent for trees
o+. a s1g8le slte (Figure 7 : seg paga S-27) and, for trees on several-sltes (Flgure u - see. page s-z7). In each ease seven pereent dif-ferenee was found ln t[re-aLpha-ee1-1u1ose eontent of outer versuseore wood. ZobeL was unable to flnd any eorrelatlon betroeenspeelfle gravity and eel1u1ose eontent ior four out of the flveplots_he examlned. rn one p1ot, horlever, there rras an apparenieorrelatlon between speeifle gravlty and.'eellulose eonteii,.CelluLose eontent of tne outei wooa" seemea [o ""ry #trr;;; flfty-
|yo an$_slxty-three percent for J-obloLLy pfne ana"from thls elatllt w-ould appear posslble genetic controi bf tfris eharacterlstle
ean be establlshed. Further eellulose determlnations wilL reveaLwhether there is a pattern of geographle variation in ceLluLoseeontent as there is-wlth speclfic-grivity. Progerry tests wl11 be
eondueted. by Dr. Zobel to &eternlnE the hegr"e 5f-tenetle eontrol,over the variation in eeLlulose eontent.

rn eloslls thts paper, r should wish to ach.owledge thegeneroslty of Dr. ZobeL in- piovldlng ne wlth materlaL for tll-ustra-tion.
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TI{OUGFfS OI{ WOOD DEISSITY

by

M. J. Holst

I have followed wlth great lnterest the lntenslve wood,
densl-ty studles of the southern plnes, notabLy the ploneerlng work
reported by Zobel and MlteheL1. MltehelL has often emphaslzed. the
fact that a 50 per eent ehange in the speelfie gravlty- of a stand
of ttmber has essenttalLy the same effeet on flbre ylelds as an
equlvalent ehange 1n gror,rth rate. And what tree breeder would not
ltke to produce a 5O per eent lnerease ln yleld?

It ls_ LlkeLg that an lnerease ean be produeed by sel.eetlon,
but I beLleve that a 50 per eent lnerease ts too hlgh a target. Con-
blnatlon of hlgh volume growth wlth hlgh nsod. densltles ls posslble
ln slngle trees, but thls does not neeessarlLy lmply equivaLent ln-
creases Ln produetLon of the whoLe stand. Faetors of productlon -
soll-r wateq and heat - may be Llmltfug. A partleular forest slte
ean probably yleld only a flxed amowrt of solld natter of a speelfle
specles. fhe l-lmits of varlatlon 1n total- produetlon per r:nlt area
glgbt be as Lorr as !3-O per eent of the mean; If thls ls sor lt unet
be deelded whether to produee a hlgh vo}.r.ne of low denstty wood,
or a lolrer volume of hlgh denslty wood.

,- Itlemrs lnvestigatlon of Norwegian and German l$oruray spruee
both grown ln Norway glve us some lndieation of the target posslble
1n sPluee. For the same ring r+idth, ttre German spruce has a hlgher
sPeelfle gravlty than Nonregian spruce. Thls results 1n higher yleld
of eelluloseo The dtfferenee ls bbout B per eent" As the Gernan
l{orvflr spruee ls growing faster than the fforriregLan Sorway,spruee,
the German provenanees ln terms of tons of eellulose per beetare ean
produee 20 to 2J per eent more than the l{orr,reglan Norrray spruee.

Thls example ll-lustrates that both lnereased vol:me produe-
tlon and wood denslty may be achieved.

Undoubtedly the seleetion of trees of high wood denslty
wouId. be of great lmportanee to our wood-ustrng industrles whlch are
natnly pulp mLLLs. The reasons why a greater effort has not been
made ln thls dlreetion are the followlngs

1) Seleetlon has been for growth and good forn onLy. As the
high density trees oeeur at random ln the populatlon, some
of the sel-ected. trees w111 also be high deirsity trees.
Thls ean be tested under uniform gnowing eond.ltlons at the
tree breeding stattons,

2) Seither faellltles nor staff are avaiLable to earry out
speclal selectlons for hlgh wood denslty.

3) A good, fool-proof teehnique has not been found for estlmat-
lng wood density ln the virgj-n forest rrhere dlfferenees in
growth rhythn, &g€r growth rater ffid site make highly
speeiallzed prellmlnary studies neeessary before dlreet
comparlson of the seLections can be made,
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l+) Praeticaily nothing is known about the variatlon of wood
denslty of Lndivldual trees ln the wiLd populatlons.

5) I thlnk that wood. denslty studles should be eonflned to
the p1-antatlons of our single tree progeny tests.
It wlL1 be some years before these are oLd enough to provide

suitable material- for study, Ilor*ever, a suall start has been mld.e.lflth the heLp of Sorman Jones of the University of Sew Brunsurl-ck"I am lnvestlgating the wood density of thlrteen L8-year-o1d whit6
spr}ep. provenaaee_s grobrn tn the Petawawa and Aeadian Forest Experl-
ment Statlons. The stud.y also lneludes eomparlson of stem woo& and
braneh wood,

The study ls not yet eoupleted. Eonever, preJ-iminary re-sults lndlaate that the Kananaskls-provenanee has a Lonslstently hlgh
wood-denslty whlle the Lake Edward provenanee a eonslstentLy foqr wo6a
,denslty. The Petawatra provenance showed the greatest variablllty.
' fhe ra4g9 1n wood denslty found for stem wood of the elghth
Lnternode ls as followss

Hean
Elgh
Lory
Bange

Wood Denslty

o '376O.538 (Kanarraskls, Alberta)
O.31Q (l,atce Edwartir F. Q.)
o.228

The dlfferenee in wood denslty between the nean and thehlghest Ls abont 4l per eent" thls doei not mean that wood. densityand solld matter produetion ean be lnereased by 43 per eent. un- '

fgrtgng!"fy the gior+th ratb of the Kananaskls lroieiinee ls onlyabout.60 per-cent of that of the loeal white sfiruee. It ls thei.e:.fore lnposslble at present to make an 1ntellig6at grless of how nueh
9f a-n_ lmBrovemqnt ln dry natter produetlon ean be made by seleetlonfor hlgtt t'rood d.enslty beeause botfr growth rate and wood b.ensity sastbe consldered.

The vaLues above for wood density ln whlte spruee are forthe eentral- core of Low d.enslty Juvenlle w6od. The peilod ln whlchlow denqlt]r jrwenile wood is fbrfred i; about-io y*""I for southera
PJng and abou! lo yea_rs for p3-antation grorrn ooulrJs fir- f in g;ir-"nal.
what thls perlod nhy be ror itantatron Eronn ;nii;-;pruee '[as ffit t;i -

been d.eterillned.


