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Geneticcontrol of 1,5-year-old traitsin Pinuspatula Schiedeet Deppeand
acomparison of progeny test methods)

By R. D. Barnes?) and M. A. SCHWEPPENHAUSER?)

(Received June/ August 1979)

Summary

The Pinus patula Schiepe et Depre breeding population
in Zimbabwe Rhodesia is based on plus trees selected in
stands which may be up to fourth generation since the spe-
cies’ first introduction as an exotic. Polycross, factorial and
diallel mating plans have been used in progeny tests de-
signed to elucidate the genetic structure o the population,
to investigate genotype-environment interaction,to identify
the best general combiners and to provide information on
the efficiency d mating and environmental designs. At 1.5
yearsfrom planting, a large number d morphological char-
acteristics were assessed. Statistical analysis showed a
portion d the considerable variability expressed in all these
traits to be under additive genetic control. Individual tree
heritabilities were as high as 080 for branch traits. Specific
combining ability was o little practical significance, nor
were maternal or reciprocal effects important. Genetic cor-
relations were generally favourable both in sign and mag-
nitude. Genotype-environment interaction did not seriously
affect ranking o parents but variation between sitesin the
scale d family differences contributed to large discrep-
ancies in heritability estimates, for example 012—05 for
height. There was evidence that the polycrosstest isreliable
and the assumption o half-sib relationship within families
is valid. The precision d component estimation was satis-
factory (CV < 50%) where individual tree heritability was
over 010 and family heritability over 0.50; at the same
time, an increase in the number o parents under test would
lead to a proportionately greater improvement in precision

1) The paper is adapted from part of the senior author's Ph. D.
thesis (1973).

?) Department of Forestry, Commonwealth Forestry Institute,
Oxford (Formerly at Forest Research Centre, Rhodesia Forestry
Commission, Salisbury).

%) Department of Agriculture, University of Zimbabwe Rhodesia,
Salisbury.
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where heritabilities are low. Although the triple lattice
structure provided blocking efficiencies o up to 201 per
cent, the design had only a small effect on parent ranking
and therefore was o little practical use to the breeder.
There were indications that within- and between-plot vari-
ances stabilized at three to five trees per plot; greater pre-
cison d ranking might have been accomplished had plots
o thissize and more replications been used.

Key words: Pinus patula ScHiepe et Depre, progeny tests, diallel,
NCM 1I, polycross, general combining ability, specific
combining ability, maternd effects, reciprocal effects,
heritability, genotype-environment interaction, genetic
correlations, triple lattice design.

Zusammenfassung

Die Zuchtungspopulation von Pinus patula ScHiepe et Dep-
PE in Zimbabwe Rhodesien basiert auf in Besténden selek-
tierten Plus-Baumen, die z. T. bereits die vierte Generation
seit EinfUhrung dieser Exotenbaumart erreicht haben. Kon-
trollierte Mehrfachbestaubungen, sowiefaktorielle und dial-
lele Kreuzungspléne kamen bei der Nachkommenschafts-
prifung zur Anwendung, um die genetische Struktur der
Population zu kléaren, das Bestehen von I nteraktionen zwi-
schen Genotyp und Umwelt zu untersuchen, die Béaume mit
der besten allgemeinen Kombinationseignung auszulesen
und Informationen Uber die Effizienz verschiedener expe-
rimenteller Ansétze bei der Prufung von Kreuzungs- und
Umwelteffekten zu erhalten.

Ausden 15 Jahre nach der Pflanzung gewonnenen Daten
geht hervor, dal3 ein Grofdteil der Variation in vielen mor-
phologischen Eigenschaften von allgemeiner Kombinations-
eignung gesteuert wird, wobei die Heritabilitét in manchen
Fallen 080 erreicht. Weder spezifische Kombinationseig-
nung noch reziproke oder mitterliche Effekte erwiesen
sich als signifikant. Die Genotyp/Umwelt-Interaktion war
nur in Bezug auf ihre Wirkung auf die Heritabilitatsschét-
zung von Bedeutung.

Silvae Genetica 28, 4 (1979)



Die Annahme, dal Nachkommen kontrollierter Mehrfach-
bestdubungen Halbgeschwister darstellen, bewahrheitete
sich. Die Genauigkeit der Varianzkomponentenschitzung
eines 9 X 5 faktoriellen Tests war im groBlen und ganzen
zufriedenstellend. (Variationskoeffizient < 50%) Durch die
Unterteilung von Blocks in einen Ansatz mit Dreisatzgit-
ter konnte die Effizienz biz zu 100% gesteigert werden, doch
war dies praktisch nur von geringer Bedeutung. Aus den
Resultaten geht hervor, daB fiir eine Auswertung in diesem
Alter Parzellen mit 3—5 Bdumen am giinstigsten sein diirf-
ten.

Introduction

The genetic improvement programme for Pinus patula
Schiepe et Deppe in Rhodesia included the use of poly-
cross, factorial and reciprocal mating designs for progeny
testing the first population of plus trees selected in local
stands. The aim was to identify clones with high general
combining ability and to yield information on population
genetics (BurLey, Burrows, ARMITAGE and BarNEgs, 1966). Con-
trolled crosses for this part of the plan were completed in
1967 and the progeny tests were planted between 1967 and
1972 (BArNEs, 1973). BArRNEs and ScHWEPPENHAUSER (1978) have
reported on the genetic control of nursery traits. In this
paper we deal with the analysis and interpretation of data
collected 1.5 years after planting the factorial and recipro-
cal tests. The assessments covered a large number of ex-
ternal morphological characteristics to provide an opportu-
nity for later detailed investigation of juvenile-mature cor-
relations. Measurements of height were made in adjacent
polycross tests so that progeny test methods could be com-
pared.

Materials

The plus tree population

The material for these tests came from a breeding pop-
ulation of plus tree clones, the ortets of which were selected
in P. patula plantations in the Stapleford area of the East-
ern Districts of Rhodesia. Individuals in the base popula-
tion may be up to the fourth generation since introduction
to southern Africa from Mexico (BArNEs, 1973).

Mating plan

Mating plans for the polycross, factorial (design II of
Cowmstock and Rosinson, 1952) and reciprocal (diallel without
selfs) are shown in Figure 1.

In the polycross, 24 plus tree clones were tested as fe-
male parents by crossing with a mixture of pollen from 20
parents which were from the same plus tree population.
The controlled pollinations were made over a period of
three years and the pollen mix had the same constituents
every year. Pollen from each parent contributed by volume
to the mix in inverse proportion to its viability which was
tested by germination in a ten per cent sucrose solution
(DiLoN and Zoser, 1957). For the factorial test, a complete
set of crosses was available between five of the tester clones

Pollen parent code number
MP 5 25 14 20 31 44 51
14 é/// R R R R
20 ; R R R R
31 Z/ R__R : R R
4 [ F2 |RF2 RF2 R
s1 Zé =TI |RFl_RFL RFI R
1 % F1 F1 FI FII
2 // FI F1 Fl Fl F1l
“ 7 /4 FL F1 FL Fl Fl
8| 1s ?? FI F1 FL Fl F1
§ | 26 %/ FIL F1I F1 Fl Fl
el a7[F 71 11 F1 TR
Y| 32p% 71 71 P OFLFY
S|4l arL F1_¥1_F1_FL
o 6 % T2 F2 ¥2 F2 F2
g1 12 % F2 F2 F2 F2 F2
2| 16 % F2 F2 F2 F2 F2
& | 187 |r2 72 F2 F2 T2
S | 30/ |F2 P2 F2 F2 F2
o
3| 3 Z F2 F2 F2 F2 F2
52 é F2 F2 F2 TF2 F2
63 é F2 F2_ _F2 F2 F2
g
25 %/
P - polycross test planted 1967/68 & 1968/69
Fl - factorial test planted 1968/69
F2 - factorial test planted 1969,/70
R - reciprocal test planted 1968/69 & 1969/70

Figure 1. — Mating designs for Pinus patula progeny tests

used as pollen parents and 18 different clones used as seed
parents. A complete diallel, without selfs, between five of
the tester clones was used for the reciprocal test.

Progeny test localities

Four test localities were selected in the Eastern Districts
of Rhodesia. The first was at Stapleford which provided
the type of environment where P. patula reaches its optimum
development. The second was at Martin which is lower and
hotter than Stapleford and where the species has a better
early growth performance but tends to become less thrifty
and subject to damage by various physical and biotic agen-
cies in the second half of the 30-year rotation (Barnes and
MuLLin. 1976). The third and fourth sites were both at
higher altitudes at Bende and Nyangui; P. patula is physi-
ologically well adapted to these conditions but growth tends
to be slower, particularly in the first ten years. Site data
for the four localities are given in Table 1.

Environmental design

All tests consisted basically of three replications of ten-
tree row plots established at a 2.44 m square spacing with
a five-row external surround. Triple lattice designs were
imposed on the main tests to contend with variation which
was expected to stem from the large number of families
and the heterogeneity of experimental sites.

Table 1. — Site data for the four Pinus patula progeny test localities.

Locality

Martin Stapleford Bende Nyangui
Latitude (°S) 19° 45 18° 40 18° 00’ 18° 00’
Altitude (m) 1265 1770 1880 2120
Mean annual rainfall (mm) 1082 1750 1573 1550
Mean monthly max. temp. (OC) 22.9 19.2 17.7 14.7
Mean monthly temp. (°C) 17.7 15.1 13.0 11.5
Mean monthly min. temp. (OC) 12.6 11.1 8.3 7.3
Soil (parent material) dolerite granite dolerite shale
Previous land use first rotation | first rotation shifting grassland

pine crop pine crop cultivation
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Table 2. — Descriptions of measured and derived 1.5-year traits

CODE DESCRIPTION UNIT
HT1l | Height to leader bud minus post-planting +|m
CAQ Circular area of stem at a quarter of total height + cm2
VFF | Volume form factor - [k (caQ + CAH)/CAQ] x 10 + | ratio
VOL Total stem volume - (Total height x CAQ x VFF) + dm3
STR | Stem straightness rating - (category 1 = best to 7 = worst; subtracted from 8 so that the straighter the stem the higher

the numerical value; (Barrett and Mullin, 1968) + ] rating
SIN Stem sinuosity index - (assessed on that part of the stem between the leader tip and the third whorl of branches from the

tip) - (category 1 = slight deviation to 3 = severe deviation, multiplied by the frequency of deviations in the category,

summed for the tree and subtracted from 30 so that the less the sinuosity of the stem the higher the numerical value) + | index
BD1 Total branch x-sectional area - lcm
BL1 Total branch length - in that whorl contributing most to the crown -lm
BAl | Average branch angle (90O = 10,0) +19°
AIL | Average internode length - (excludes that section between the ground and the first whorl) - | em
UIL Uniformity index of internode length - (index constructed so that it is 10 when the longest internode = the average internode,

and moves towards O as the difference increases) EQ%;Ef%%iE where n = number of internodes, X = mean internode length,

Xmax = length of longest internode + | index
ABW | Average number of branches per whorl - (based on total number of branches on the tree) ~ | number
UBW | Uniformity index of branches per whorl - (index constructed so that it is 10 when all whorls have the same number of branches

and moves towards O as the difference increases) -~ see UIL above for formula + | index
B/H | Number of branches per metre of height - (total number of branches/total height) + | number
ARW | Average of 4 crown radii as a percentage of HT1 - (four radii measured at right angles and each at a point of maximum width) - | ratio
ACH | Average of 4 crown heights as a percentage of HT1 - (four crown heights measured as the height of the point of maximum width

on the 4 radii used for ARW above) - | ratio
CGD | Displacement of the centre of gravity of the crown - (distance of "centre of gravity" from the stem (§§_§_§§)2 + (BE—%—;RE)2

where RN, RS, RE and RW = crown radius to North, South. East and West respectively, expressed as a percentage of the

average of the 4 crown radii) - | index
BAQ | Branch/stem basal area index - (BDl as a percentage of CAQ) - { index
BEI | Branch efficiency index - (BD1l x BL1 as a percentage of VOL) - | index

high value desirable
low value desirable

[

Table 3. — Generalized form of the analysis of variance of the polycross test and the method of estimating heritability on individual
tree and family mean bases.

SOURCE OF DEGREES OF
VARIATION FREEDOM EXPECTATION OF MEAN SQUARE
2 2 2 2 2 2 2
Females (F) (£-1) Op + t.op + tr.op, + erliop., + trle.op, + trly.op. + trley.o
2 2 2 2 2 2 2 2 2
Localities (C) (e-1) op + t.u1r + tf.uR + tr.op + trl.oFCY + ttly.ch + tfrl.aCY + tfr.aL + tfrly.cc
2 2 2 2 2 2 2 2 2
Years (Y) (y-1) op + teo + tf.op + tr.oog + trl.uFCY + trle,opy + tfrl.ac, + tfr.op + !'..‘.1:1c.0‘Y
Lattices (L) in C in Y (1-1) 02 + t.02 + th.o? + tr.o2, 4 tfr.o>
attices n n cy! T <Oy «op “OmL .o
2 2 2 2 2 2
CxY (e-1)(y-1) op + t.op + tf.op + trooy + trl.a,“ + tfrl.o.,
2 2 2 2 2
FxC (£-1)(e-1) ap + t.ol + troop + trl.gp., + trly.op.
2 2 2 2 2
FxY (£-1)(y-1) op + t.op + tr.op + trl.og., + trlc.ap,
PxCxY (£-1)(c-1)(y-1) 2 4 t.o? + tr.o2, + trl.o?
xtx ¥y Op F L0y *%pL *“rey
FxLinCinyY cy(£-1)(1-1) 2+ t.o? + tr.o?
x y! T <oy O,
2 2 2
Replications (R) in L in C in ¥ ley(r-1) op + t.op + tf.op
2 2
Residual (m) ley(£-1)(x-1) a + t.op
2
Trees (T) in plots fricy(t-1) a
TOTAL (tfrley-1)
2 2
h.i 4'? hlz’ . sy
2. 7.2 2 2 2 2 2 7 2 2 2 2
syt 8 8t ey * oyt Spc t Oy e T S A s S 3 G 1S
—_—Tl = S S =+
trlcy ley cy y c F
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Table 4. —— Generalized form of the analysis of variance of the factorial test and the method of estimating herita-

bility on individual tree and family mean bases.

SOURCE OF DEGREES OF
VARTATION FREEDOM EXPECTATION OF MEAN SQUARE
2 2 2 2 2 2 2
Locality (C) (e-1) o + t.q_" + tr.oype + EPT. oy + twr.gp. + tmp.gp + tmpr.g
Replications (R) in C c(r-1) q% + t.a: + tmp.olz{
Pollen (paternal) parents (P) (p-1) cr,i + t.aﬁ + tr.u:mc + tmt.dlz,c - 1:::4:.0:‘P + t:mrc.a§
- 2 2 2 2 2 2
Seed (maternal) parents (M) (m-1) op + tegp + ET.0Lp. + EPT.OL. + ErC.Oy, + tpre.oy
2 2 2 2
MxP (p~1)(m~1) op + t.op + trigupe + ETC.oy,
2 2 2 2
PxC (p-1)(c-1) op + c.o" + ""’MPC + tmr.op.
2 2 2 2
MxC (m-1)(c-1) Op + £.0 + tr.oy,. + tPT.oy.
c (p-1)@-1)(e-1)| o3 + t.g? + tr.o>
MxPx p-1)(m- c- or o *OvpC
2 2
Residual (m) e(r-1)(mp-1) | o + t.o
m
2
Trees (T) in plots mpre(t-1) op
TOTAL mpret-1
2 2 2 2
h% i} 2(sP + sM) h; . 8p + 8y
2 2 2 2 2 2 2 2 2 2 2
sp + 8.+ 8yp + 8o+ Bpe Sy + 8y + 8} 5T+ts1r+sMPC E.,.ilﬂ.‘.sz eyl
tre [ c c MP P M
Table 5. — Generalized form of the analysis of variance of the reciprocal test and the method of estimating heritability on
individual tree and family bases
SOURCE OF DEGREES OF A NS RE
VARIATION FREEDOM EXPECTATION OF MEA QUA
2 2 2 2 2 2 2 2
Environments (C) (c-1) op * teo +tr{2.g . + Z(P‘Z)-osc} + t(p"-P).gg *+ tr(P"-P) g
2 2 2
Replications (R) in C c(x-1) op * €0+ t(p -p).og
2 2 2 2 2 2
Ceneral (g) (p-1) op + t.op + tr{2.0,. + 2(p-2).osc} + ter(2.0, + 2(9-2).08}
(p-3)/2 o2+t + tr(2 02 ) + ter(2 02)
Specific (s) p(p r +teoy O oy
2 2 2 2 2 2
Maternal (m) (p-1) op + tuop + tr(2.0p, o + 2P0 ) + ter(2.00, + 2p.ay)
' 1 2)/2 02 + .02 + tr(2.02, ) + ter(2 )
Reciprocal (r') (p~1) (p- T O Oore +Opt
2 2 2 2
gxC (p-1)(e-1) op + t.op + tr{2.0. + 2(p—2).usc}
(p(p-3/2}(e=1) o2 + £.02 + ex(2.02 )
s xC Pip- c- T O “sc
2 2 2 2
oxC (p-1)(e-1) Op + t.O + ex(2.00, . + 2p.0 )
(o-1)(p-2)/2} (c-1) |02 + t.0? + £x(2.02, )
rxC p-1) (p- c= T o e
2 2 2
Residual (y) c(r-1)(p~-p-1) o + to,
2 2
Trees (T) in plots er(p“-p)(t-1) b T
2
TOTAL ert(p“-p)-1
2 82
by = s by = ) S
2 2 2 2 2 2 2 2 2 2
+ +8° +8 s + ts ) 8 8 8
L T e P T Lire fmo, fsc fgc, 2, 2,2, .2
trc c c c c r m 8 g
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The polycross was planted at Stapleford and Melsetter in
1967/68 as a double (two sets of three replications) 6 X 6
triple lattice in each locality and the whole experiment was
repeated in 1968/69. There were only 24 polycross families.
An extra 10 two-parent genetic checks and two commercial
controls were used to make up the 36 families required for
the design; their performance has been discussed elsewhere
(BARNEs, 1977).

The main factorial and reciprocal tests were planted
together since they had some common crosses (see Figure
1). The 18 seed parents in the factorial were tested as two
separate lots of nine (45 families) in 1968/69 and 1969/70 at
Stapleford and Martin. Together with the 20 families of
the reciprocal (three common witly the factorial each year)
and two genetic checks, this allowed the use of an 8 X 8
single triple lattice design for each combined experiment.
The crosses of the reciprocal test were extended to the
Bende and Nyangui sites in 1968/69 so as to provide ad-
ditional information on genotype-environment interaction.

Assessments

Considerable importance has been attached to the 1.5-
year field measurements. This is the earliest stage at which
juvenile relationships with mature morphological char-
acteristics are likely to be significant and, at the spacing
used, the last stage at which trait expression will be free
from the effects of competition. The measured and derived
variates are listed in Table 2. These variates were selected
as those which have most direct economic significance both
in plantation management and in utilization (Barngs, 1973).
Detailed measurements were restricted to the 1968/69 fac-
torial and reciprocal tests; only height was measured in the
other tests.

Statistical Methods

The generalized forms of the analyses of variance (and
covariance) used for the polycross, factorial and reciprocal
(Burrows, pers. comm.)!) tests are shown in Table 3, 4
and 5.

As establishment was good, it was not necessary to resort
to complex methods to estimate missing values. The effect
of missing trees on the coefficient ‘t’ was allowed for by
recalculation as

n

2y
i [ = - lI
N="nN

p—1

where p’ is the number of plots
N is the total number of trees
n; is the number of trees in the ith of a total of n

plots (GancGuLl, 1941).

The analyses, adjustment of family means and calcula-
tion of blocking efficiency for the triple lattice design were
handled by the method described by Cocuran and Cox
(1957).

For certain effects in the analyses there was no single
variance to use in the denominator of the F-test. In these
cases a term was constructed by addition and subtraction
of appropriate mean squares and the number of degrees
of freedom for the denominator was calculated using Sart-
TERTHWAITE’S (1946) approximation for complex variances.

Evidence of genotype-environment interaction was pro-
vided by significance of the appropriate mean square but
a more meaningful expression of repeatability of perform-
ance of genotype over environment (Rg) was calculated as
__ S
oSt s,
the intra-class correlation, where s?; is the variance of the
effect i and s?, is the variance of the interaction of the ef-

Rg
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fect i with environment c. Spearman’s rank correlation
coefficient (rg) was used to compare ranks over environ-
ments.

An expression to indicate the stability of parental rank-
ing over different mating designs was derived by taking
the normal scores (Fisuer and Yates, 1957) for the ranked
(ordinal) parental means, subjecting them to an analysis of
variance and using the variance components to calculate a
repeatability estimate (Rp) (Burrows, pers. comm.)). The
generalized form of the analysis of variance is: —

Source of variation DF EMS
Females (F) -1 o*pp + do®p
Females (F) X Design (D) (d—1)(f—1) o%rp

and the repeatability was calculated as: —
Szp
s*p + S*pp

RD=

The design source of variation in this analysis is not shown
as the scores must sum to zero.

Genetic Interpretation

The components of variance and covariance which are
derived from these analyses can be interpreted genetically
provided that a basic set of assumptions concerning the
parent population and the progenies can be met. These as-
sumptions are well known (see, e.g. Cockeruam, 1963) and
appear to be valid for this material (Barnes, 1973) provided
that inferences are drawn about the potential population
of plus trees only and not about the local P. patula popula-
tion as a whole.

The construction of heritability estimates, on both indi-
vidual tree (h?*1) and family mean (h?p) bases, for the three
test designs are shown in Tables 3, 4 and 5. Standard errors
of heritability estimates were calculated as

VIP:V + G3Vp — 2PGeov(P,G)] /P*

where P is the phenotypic variance,
G is the genotypic variance,
Vp is the variance of P
V, is the variance of G (Goroon et al., 1972)

Phenotypic, genotypic and genetic (additive) correlations
were estimated from the analyses of covariance and stand-
ard errors were calculated as

m?, var (m,,) var (my,) var (m,,)
myy My, m?, 4m?;; 4m?y,
cov (m;,, Myy) coV (my,, My,) cov (my,, mzz)_

my, My, my, My, 2my; My,
where m,, is the covariance of two traits, say x and y
m,, is the variance of x

m,, is the variance of y (Mope and RosINsoN, 1959)

Results

Analyses of selected traits in the factorial, reciprocal and
polycross tests are given in Tables 6, 7 and 8. Figures for
the percentage contribution of variance components have
been used; with the total variance and expectations of mean
squares in Tables 3, 4 and 5, they provide a concise and, at
the same time complete, record. Negative estimates of com-
ponents have been entered as zero. Heritabilities for height
in individual tests are given in Table 9 and genetic, geno-
typic and phenotypic correlations in Table 10.

49 Dr. P. M. Burrows, University of South Carolina, Clemson,
S.C., U.S.A.



The analyses, means, heritabilities and correlations are
based on unadjusted data. Means adjusted through the
triple lattice analyses have been used in practice but here,
where theory rather than practical precision is of interest,
it is more informative to indicate the value of the triple
lattice design through the estimates of blocking efficiency
and rank correlations of adjusted and unadjusted family
means (Table 6). The differences in significance of F ratios
in analyses of adjusted and unadjusted means were small for
all traits and the effects of lattice adjustment on the vari-
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ance and covariance components and their standard errors
were generally so small that there were negligible changes
in heritabilities and correlations. In the occasional instance
where there was a larger change in the component esti-
mate, the significance of the difference was difficult to
judge because of the impracticability of analysing the ad-
justed data in such a way as to allow the estimate of ge-
netic components of variance unconfounded with the en-
vironmental components of the lattice design (Barnes, 1973).
Overall means and ranges of the different traits are shown
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Table 7. — Analysis of variance of 1.5-year traits in the Pinus patula reciprocal progeny tests at Stapleford and Martin.

Trait code/l
Source of Degrees
variation of freedom Sten Branch Crown
HTL caQ VoL STR SIN D1 BL1 BAL AIL ABW B/M ARW AcH
Enviromments (C) 1 10.0 0.0 3.6 2.6 0.0 5.3% 5.7° 4.5 7.1% 2.6 0.0 9.0 0.0
sk *kk
Replications in C 4 0.5 0.0 0.0 3.4 9.1 0.3 0.2 2.0 | 0.3 0.0 2.9 0.5 19,55
*
General (g) 4 1.6 5.4 5.0 2.0 3.4 6.3% 8.4 0.0 111" 3.0 7.4" 3.8 1.0
Specific (s) 5 0.4 0.9 1.4 0.9 0.9 0.9 0.0 2.4 0.0 0.0 i6 0.0 0.3
Maternal (m) 4 0.0 0.0, 0.0, 0.3 0.0 0.0 0.0 0.0 0.0 0.4, 0.1 0.7 0.1
Reciprocal (r) 6 1.2 3.9 2.8 0.0 0.6 0.6 0.3 0.0 0.8 0.5 0.0 0.0 0.0
* *
gxC 4 3.3 0.4 1.7 0.0 2.7 0.1 0.0 1.8 1.7 0.0, 0.7 0.0 0.8
sxC 5 0.0, 0.0 0.0, 0.2 0.0 0.0 2.0 0.0 0.0 2.9% 0.0 2.6 0.0
mxC 4 1.3 0.8 1.6 0.0 0.0 0.0 0.0 0.0, 0.2 0.2 0.0 0.0 0.6
rxC 6 0.0 0.0 0.0 0.9 0.0 0.0 0.0 2.5 0.0 0.0 0.4 3.7 0.0
Residual in C 76 12.1 7.4 10.0 7.9 5.9 4k 2.8 4.0 5.4 0.2 3.0 28,2 14.4
Trees in plots 1072 69.6 81.2 73.9 81.8 7.4 82.1 80.6 82.8 73.4 90.2 83.9 51.5 63.3
TOTAL VARIANCE 0.1380 | 6.2334| 26.1884 | 0.4591| 2.3087 | 12.3241| 1.6888| 1.0543( 17.1727 | 0.2955( 10.7414 | 67.0089 | 145.5054
Heritability - family 0.18 0.40 0.36 0.31 0.40 0.68 0.73 0.00 0.74 0.43 0.64 0.29 0.18
- individual tree| 0.07 0.21 0.21 0.09 0.15 0.27 0.36 0.00 0.48 0.12 0.30 0.17 0.05

/1 See Table 2 for trait descriptions.

Table 8. — Analysis of variance of 1.5-year height (HTI]) in the
Pinus patula polycross progeny tests at Stapleford and Martin.

Source of variation DF Ve (%)
Families (F) 23 1.1
Localities (C) 1 0
Years (Y) 1] 0
Lattices (L) in C in Y 4] 2.9%
Replications (R) in L in C in Y 1 2, Okk%
CxY 1| 8.3%kx
FxC 23 0.8
FxY 23{ ©
FxCxY 23| 2.0%
FxLinCinyY .92 0.1
Residual (7) 436 8, Skk*k
Trees in plots (T) 5114 | 74.3
Total variance 1.2884
Overall mean 1.46
Range of 24 family means - from 1.35
-~ to 1.57
Standard error 0.03
Heritability - family 0.42
- individual tree 0.05
Table 9. — Heritability estimates and coefficients of variation for

1.5-year height (HTI) in individual Pinus patula polycross, factorial
and reciprocal tests.

Heritability
. Planting Family

Test type Locality year composition Fapily | Tree cv
72 72 @
T A
Stapleford | 1968/69 0.82 0.34 20.8
Polycross | Stapleford | 1969/70 ﬁ:’liz“;g“ 0.71 | o0.21 | 19.8
4 Martin 1968/69 | oo 11522 0.51 | 0.15 | 23.3
Martin 1969/70 0.16 | 0.03 | 27.3
. Stapleford | 1969/70 50" x 92 common 0.34 0,08 17.7
Factorial |\ ,tin 1969/70 |tester series 0.59 | 0.24 | 19.8
Factorial | Stapleford 1970/71 | 5¢*x 9% common 0.37 0.09 26.7
Martin 1970/71 |tester series 0.23 0.05 18.9
Stapleford | 1969/70 0.66 | 0.37 | 17.0
Stapleford | 1970/71 0.55 | 0.37 | 22.5
Reciprocal | Martin 1969/70 giZlieiT‘z:ouc 0.23 | 0,12 | 17.5
P Martin 1970/71 {5 T%e 0.42 | 0.26 | 18.4
Bende 1969/70 0.30 | 0.14 | 29.0
Nyangui 1969/70 0.73 | 0.55 | 19.1

in Table 6; individual family values are not given but their
rankings have been used in the repeatability estimates
discussed below.

Only the combined analyses (over environments and
years) are shown here. Significance of F ratios for most
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traits in the various parental groups was higher for indi-
vidual environments; this is indicated in these Tables by
the higher heritabilities for individual environments.

Discussion

Genetic control of the traits

In the individual (within environment) factorial tests,
significant differences (p = <.05) were found between
parents within both the maternal and paternal groups for
every measured or derived trait (Barnes, 1973). Over the
two localities, Stapleford and Martin, heritabilities were
highest for the branch size, number and distribution char-
acteristics (Table 6) with maximum values of K2 = 0.54
and K2 = 0.91 for number of branches (B/H). Stem volume
(VOL) was also under strong genetic control and consequent-
ly the branch efficiency indices (BAQ and BEI), for the
construction of which both stem size and branch measure-
ments were used, were equally heritable. The crown char-
acteristics for symmetry (CGD), shape (ACH) and width
(ARW) had the lowest heritabilities.

Specific combining ability effects were not important
in either the factorial (Tables 6) or the reciprocal (Table 7)
tests, neither was there an indication of maternal or re-
ciprocal effects of any practical significance in the latter.
The mean square for these three sources of variation was
occasionally statistically significant but at no more than
the predicted frequency when taken over all traits.

Even at this early stage, variability was high for most of
the stem and branch characteristics (Table 6). The sizes of
the coefficients of variation for some of the derived traits
are not good indications of the practical importance of the
amount of variation. For example, for sinuosity (SIN) the
index was rarely higher than about 4.0 but it is subtracted
from 30 to make higher values desirable; the CV is there-
fore low because the mean is artificially high although the
amount of variation is important.

It is encouraging that some degree of additive genetic
control has been found in so many 1.5-year traits. Even
where heritability and variation are low it may still prove
to be useful in early selection if juvenile-mature correla-
tions are found to exist.

Genetic, genotypic and phenotypic correlations

Before an interpretation can be made of the practical
significance of the genetic correlations between traits, it is
necessary to decide whether a high or low value in each



Table 10. — Genetic, genotypic and phenotypic correlations between selected 1.5-year
traits /1 in the factorial test at Martin,

HT1 l CAQ I VoL I SIN | BD1 ‘1 BL1 T BAl | AIL J ABW l B/H l BAQ
Genetic correlation (standard error)
(L .
HT1 0.96 0.96 -0.67 -0.18 0.35 0.48 0.51 -0.33 -0.60 -0,22
(0.06) | (0.04) | (0.24) | (0.42) | (0.41) | (0.32) | (0.28) 0.36 (0.25) | (0.42)
cAQ 0.87 1,01 -0.63 ~0.50 -0.11 0.76 0.16 ~0.60 -0.40 -0.42
0.87 (0.02) (0.32) (0.44) (0.54) (0.29) (0.42) (0.37) (0.36) (0.43)
VoL 0.92 0.98 -0.71 -0.29 0.09 0.57 0.36 =-0.58 -0.55 -0.32
0.93 0.97 (0.23) | (0.42) | (0.47) | (0.30) | (0.34) | (0.31) | (0.27) | (0.40)
w
SIN § =0.48 -0.61 -0.63 ~0.55 -0.73 0.10 -0.89 0,06 0.83 -0.17
] -0.39 -0.38 -0.47 (0.31) | (0.30) | (0.36) | (0.14) | (0.43) | (0.14) | (0.40)
o L
BD1 g -0.04 0.19 0.16 -0.61 0.61 -0.98 0.62 -0.05 -0.54 1.09
8 0.03 0.17 0.15 -0.42 (0.28) | (0.10) § (0.27) | (0.40) [ (0.29) | (0.08)
BL1 Ei -0.01 0.06 0.06 -0.,41 0.75 -0.42 0.87 0.39 -0.56 0.84
2 0.12 0.16 0.15 -0.31 0.78 (0.38) | (0.19) | (0.39) | (0.33) | (0.22)
9
BAL E 0.55 0.39 0.43 0.04 -0.54 -0.15 -0.35 0.10 0.41 -1.07
= 0.36 0.24 0.26 0.03 =0.55 -0.21 (0.34) (0.37) (0.31) (0.12)
o
AIL B 0.37 0.58 -0.13 -0.78 0.73 0.42 -0.19 -0.22 I.-0.93 0.44
E 0.45 0.50 -0.13 -0.60 0.60 0.46 -0.14 (0.36) | (0.07) | (0.36)
4
ABW 5] -0.31 -0.33 -0.36 -0.31 0.34 0.78 -0,09 -0.11 0.56 0.29
-0.17 -0.16 =0.21 -0.07 0.27 0.65 -0.07 -0.05 (0.26) (0.29)
B/H -0.43 =0.64 ~0.64 -0.70 -0.51 -0.04 0.16 ~0.90 0.51 -0.30
-0.44 -0.50 -0.55 -0.61 -0.45 -0.13 0.15 -0.85 0.48 (0.38)
BAQ -0.36 -0.21 -0.22 -0.25 0.77 0.50 -0.74 0.40 0.25 -0.26
=0.23 -0.20 -0.19 -0.23 0.71 0.49 -0.57 0.29 0.16 -0.22

/L See Table 2 for trait descriptions

| - genetic correlations of interest due to their size or

trait is desirable. This is obvious for all traits except those
describing branch distribution where few branches in close-
ly spaced whorls have been considered to be desirable,
i.e. internode length (AIL) and branches per whorl (ABW)
should be low and number of branches (B/H) high.

The genetic and genotypic correlations are similar in
sign and size as would be expected given the high levels of
general combining ability (Table 10). It is the genetic cor-
relations which are of greatest interest to the breeder.
Taken with the desirability sign (Table 2), nearly all the
correlations of interest (judged by size and/or relative
statistical significance) among these juvenile traits were
either neutral or favourable to the breeder. The only ex-
ceptions were where height (HT1), basal area (CAQ), and
therefore volume (VOL), were associated with an increase
in leader sinuosity (SIN) and where height was negatively
correlated with the number of branches per metre of stem
(B/H). Otherwise, efficient trees tended to be those with
narrow crowns which consisted of many, evenly distributed,
wide-angled, small diametered, short branches. A large
branch basal area tended to be negatively correlated with
volume and therefore it should be possible to breed for
large efficient trees.

In view of these correlations, there will probably be con-
siderable scope for rapid improvement through multiple
trait selection although it will be necessary to break the
few negative value relationships.

Genotype-environment interaction

The level of genotype-environment interaction can be
gauged from the significance of the F ratio of the interac-
tion terms, from the size of the intra-class correlation (re-
peatability) and from the parent rank correlations between
environments (Tables 6 and 7). Interaction can be important
both when it is caused by a change in the ranking of
families and when it is due to a change in the scale of dif-
ferences in separate environments. At the same time, F
ratios can be statistically significant but of little practical

relative statistical significance

value if the general combining ability at all environments
is low.

The overall indication from the analyses is that, insofar
as parental ranking is concerned, genotype-environment
interactions are unimportant in most of the juvenile traits
which were measured except for stem cross-sectional area
(CAQ) and consequently volume (VOL) which was derived
from CAQ itself, height (HT1) and form factor (VFF). How-
ever, the rank correlation over sites for height (HT1) was
high (0.82) compared with CAQ (0.40) and it remains to be
seen which will be the better predictor of eventual pro-
ductivity; if it is height then the high interaction of CAQ
will be unimportant. The only other instance where there
was a statistically significant and substantial interaction
was for sinuosity (SIN) in the factorial test (Table 6) but
this was not a genuine interaction; flocks of perching birds
did extensive damage to branches and leading shoots in the
Stapleford test which completely confounded the assess-
ment for sinuosity; this was indicated also by the family
heritability of 0.02 compared with 0.70 for the same test at
Martin.

Changes in the scale of differences between families
within environments have contributed to considerable
variation in size of the heritability estimates for the same
trait in different tests. This expression of genotype-envi-
ronment interaction is illustrated by the comparison of
heritabilities and the associated coefficients of variability
for height (HT1) in indivdual tests (Table 9). If the assump-
tion is made that general combining ability control remains
constant over environments, the expectation would be for
heritability to decrease with greater heterogeneity of the
within-test environment, i.e. as the genetic components
are less and less precisely estimated. In the factorial and
reciprocal tests, higher CVs were, in several instances, as-
sociated with higher heritabilities which indicates a dif-
ference in genetic response between environments. This has
implications in the siting of progeny tests to obtain the
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most precise assessments of genetic worth and for estimat-
ing and securing genetic gain. The aim should be to identify
critical environments but, at the same time to watch for
reversals in ranking; if these occur, it may be necessary to
test over a number of critical environments to gain the in-
formation required.

The only estimate of genotype-year interaction is in the
analysis of height (HT1) in the polycross test over years
and environments (Table 8); the interaction variance was
zero which was not unexpected given that planting took
place in only two years. The high year-environment inter-
action in this analysis was due entirely to differences in
nursery and field cultural practices between years and
environments.

Mating design

The groups of parents under test as females in the fac-
torial and polycross tests were drawn from the same pop-
ulation of plus trees. Therefore, although the parental
groups in each test were not identical in composition, they
were random samples from the same population and, as
such, could provide estimates of the same population para-
meters. A similar argument can be applied to the parents
used as males (testers) in both tests. The comparisons are
best made with components estimated from the combined
analysis of each test over sites because of the large dif-
ferences in within-test site homogeneity. Heritability esti-
mates provide an overall comparison but it is also necessary
to check on the relative contributions of the family and
tree (within plot) sources since they contain the genetic
contributions. Coefficients of variation were used for the
latter so that both these comparisons were free from the
effects of scale. The relevant terms, taken or calculated
from the height (HT1) data in Tables 6 and 8, are:

Heritability Coefficient of variation (%)
Family Tree Family Tree
Factorial 0.44 0.10 5.04 16.57
Polycross 0.42 0.05 2.60 21.19

The heritability estimates from the two different tests are
very similar; the family coefficient of variation in the poly-
cross is almost exactly half that in the factorial which is
as expected because it estimates a quarter of the additive
variance compared with a half in the factorial; and the
tree coefficient of variation is larger in the polycross by an
amount which is only slightly more than would be expected
to account for the additional quarter of the additive vari-
ance.

The conclusion from these comparisons is that the males
in the pollen mix used for the polycross acted in a random
manner and that the assumption of a half-sib relationship
within polycross families is valid for P. patula.

The main practical requirement of a mating design is
for it to provide an accurate ranking of the progeny tested
parents for general combining ability. It was possible to
compare the ranking for height (HT1) of the 16 parents
which were common to the factorial and the polycross tests
(Figure I). In the factorial, eight of the parents were planted
in the 1968/69 and eight in the 1969/70 test. As there was no
indication of strong genotype-year interaction, the parents
were ranked in one continuous series after correcting their
means by use of genetic checks in the form of the 17 com-
mon additional families of the reciprocal test. The com-
parison was made through the repeatability (Rp) of the
ranking by the relevant factorial tests (three replications
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of five full-sib families per parent over two sites) by three
(in lattices in sites in years), six (over lattices in sites in
years), twelve (over lattices over years in sites) and 24
(over lattices, sites and years) replicates of the polycross.

When only three replications of the polycross were used,
although average repeatability, of ranking was 0.48, the six
individual comparisons varied from zero to 0.71 (Figure 2).
With increasing replication, the polycross, improved in its
ability to repeat the ranking until at 24, the average re-
peatability was 0.76 with a narrowed range of individual
comparisons of 0.71 to 0.80. If the line in Figure 2 is ex-
trapolated, the repeatability, when there is an equivalent
number of 30 replications in the polycross, is 0.86 which
suggests that more plots per tested parent are required in
the polycross than in the factorial to give an equivalent
accuracy in ranking. This would be expected because the
higher proportion of genetic variance in the within plot
source contributes to the standard error of the difference
between parental means.

These comparisons show that, although the polycross is
a reliable test method for P. patula, there can be no saving
in test size over the factorial if equal accuracy is required.

1-0

o-sr

0-6f

Repeatability (Rp) of factorial ranking by the polycross

0—3% i3 24 30 20
Number of replications in the polycross

Figure 2. — Effect of replication number on the ability of the

polycross test (one half-sib family per parent) to repeat the ranking

of 16 parents by the factorial test (6 replications of 5 full-sib fam-

ilies per parent).

Accuracy of component estimation

Standard errors of variance components are usually large
and therefore it was to be expected that the accuracy of ad-
ditive variance, and heritability, estimation would be low.
Figure 3 shows, for the traits measured in the factorial, the
relationship between the size of the family and tree herit-
abilities and their standard errors expressed as coefficients
of variation (CV%). Estimates with CV’s of less than 50%
are considered to be good (Namkoonc and Roserps, 1974).
Where K2p was over 0.10 and K%y was over 0.40, the 5 3 X
9 @ factorial gave a satisfactory estimate, particularly for
h2r when it was over 0.75.

The number of parents tested is the element in the fac-
torial design which has greatest influence over the standard
error of the heritability estimate. The effect of increasing



1000

100

Coefticient of variation (°/,)

o— . tree heritability \
A family heritability \
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Heritability
Figure 3. — Relationship of heritability and its coefficient of var-
iation in the factorial test (5 3 X 9 Q) for all traits at Stapleford
and Martin.

the number of female parents on the CVs of R?; and K
for two traits is shown in Figure 4. For B/H, where herit-
ability was high, there would be little gained but for HT1,
where heritability was lower, the CVs could be more than
halved by increasing the maternal parents to 100.

These results suggest that, for the broad range of herit-
abilities in which the breeder is likely to be interested,
even the relatively small 5 § X 99 factorial provides com-
ponent estimates with satisfactory accuracy. However, if a
trait were associated with particularly high variability or
economic value, smaller heritabilities may be of interest
and then appreciably greater accuracy in their estimation
could be obtained by increasing the number of parents
tested. Large tests become difficult to handle but, as there
appears to be no genotype-year interaction, tests in suc-
cessive years could be combined in analyses for ranking
and component estimation provided the same tester males
and genetic checks were used.

Environmental design

Progeny tests with forest trees involve large numbers of
families which must be grown at wide spacing for long

periods often on heterogeneous sites. The triple lattice de-
sign was incorporated in these tests to increase environ-
mental precision and reduce overall experiment size. The
practical benefits of the design concern the precision with
which parents are ranked for general or specific combining
ability, the tests of significance of effects and the accuracy
with which genetic and environmental components of vari-
ance and covariance are determined.

Blocking efficiency is a measure of the effectiveness of
the lattice design in increasing precision; it indicates the
precision of the latter in relation to the randomised complete
block analysis. In the factorial, blocking efficiency varied
from 93 to 201 per cent (Table 6); the latter figure indicates
that the lattice design with three replications was equiva-
lent in sensitivity to a randomized complete block with six
replications. For the polycross test the range of blocking
efficiencies over the eight individual lattices was from 103
to 135 per cent for height (HT1). The lattice structure was
more efficient at Martin than at Stapleford and the highest
blocking efficiencies were usually, but by no means in-
variably, associated with those traits under least genetic
control.

The practical significance of a high blocking efficiency
can best be judged by the effect on the parental ranking.
In the factorial, the rank correlation of unadjusted and ad-
justed means varied with trait from 0.83 to 1.00. In the
polycross, for height in individual tests the rank correlation
had the same range. With such marginal changes in rank-
ing, the lattice structure was not of much practical signifi-
cance in increasing precision in either test. This was pre-
dictable in the factorial where each parent was represented
by five full-sib families in each of three replications but
was unexpected in the polycross where there was only one
half-sib family per parent per replication.

The F ratios in the analysis of variance of adjusted means
were also only marginally increased and the effects on the
components of variance and covariance were small in most
heritability estimates and genetic correlations and their
standard errors (BagrnEes, 1973).
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Figure 4. — Effect of increasing the number of maternal parents
on the coefficients of variation of the heritability estimates for
height (HTl) and number of branches (B/H) in the factorial test
at Martin.
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In general, the lattice structure failed to provide benefits
in these tests and, given the relatively inflexible nature of
the design in practice in the field, it has been of doubtful
value.

In progeny testing there is always a limit on the number
of trees which can be planted to represent each family. In
these P. patula tests the limit was 30 per family per test
and a distribution of 10-tree plots in three replications was
selected; we considered smaller plots would be imprudent
in the absence of knowledge of the relevant contribution
of genetics and environment to the between-plot variance
(Evans et al., 1961; Suive and Pautey, 1961). More recently,
it has been suggested that, even with single-tree plots, the
environmental component of error variation will rarely be
so small in relation to the genetic component that a failure
might result in the assumption of normality in the analysis
of variance. In addition, genetic segregation in quantitative
traits creates.a-continuous range of variation and, except
at extreme allelic frequencies, genotype values will not
deviate substantially from normality (FrankuiN, 1971).
Therefore it appears that smaller plots could safely be con-
sidered.

In these tests, where the variance of a family mean is

s%,

r

SZT

? ’

the within-plot, between-tree environmental contribution
to s?p was generally large and contributed as much to the
variance of a family mean as did s?,; but there is no pros-
pect of reducing s’ while the total number of trees remains
the same since its divisor in the variance estimate is the
product of trees per plot and replications. However, sZ,
could be made smaller by reducing plot size and increasing
the number of replications provided that the small number
of trees per plot remains a good estimate of s?p and s%;
does not start to get large because of a greater contribution
from s?1. The data for height (HT1) at Martin, a trait with
larger than average plot to plot variation, was used to il-
lustrate the relationship of the between- and within-plot
CVs with numbers of trees per plot (Figure 5). CVs of both
sources of variation become relatively stable at three to five
trees per plot and this suggests that a considerable im-
provement in precision could be obtained for the assess-
ment of juvenile traits in P. patula by decreasing plot size
to this order and making a corresponding increase in the
number of replications. The practical implications of such
a reduction have been discussed elsewhere (BarnEs, 1973).

Conclusions

The conclusions drawn from these assessments must to
some extent be provisional because the tests were only 1.5
years old. However, the importance of assessment at this
age should not be underestimated; the trees are already
nearly 2 m high and approaching the end of their competi-
tion-free growing period. Practically and theoretically this
is the point at which it would be best to assess juvenile
characteristics in P. patula if correlations with economically
important traits in the mature tree are found to exist and
are to be used. In addition, it is better to examine certain
aspects of genetic and environmental design before com-
petition sets in.

The most important general conclusions from the analysis
are: —

1) Many economically important external morphological

characteristics are under some degree of genetic control
in the 1.5-year-old tree.
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Figure 5. — Relationship of within-plot (s’T) and between-plot (s%z)
coefficients of variation and plot size for height (HTI) in the fac-
torial test at Martin.

2) There is little specific combining ability control or
maternal or reciprocal effect on the traits of interest.

3) There is still a large amount of variability in the breed-
ing population even in traits subjected to stringent
selection in allocating plus tree status.

4) Given 1) and 3) above, the prospects are promising for
gain in subsequent generations and for useful juvenile-
mature correlations in at least some important traits.

5) Genetic correlations are largely favourable in sign and
magnitude and this should make multiple trait selection
effective.

6) Genotype-environment interactions are apparently not-
important at this stage in their effect on the relative
ranking of parents but their influence on heritability
estimates and precision of parental ranking make site
selection for progeny testing of critical importance.

7) The assumption of half-sib relationship in polycross
families is valid and the polycross is a reliable test
method for P. patula.

8) A 45-family factorial test allows acceptably accurate
estimation of environmental and genetic components ot
variation when individual tree heritability is over 0.1;
an increase to 100—200 families would improve precision
for traits with heritabilities of less than 0.1.

9) The triple lattice design is not necessarily of practical
benefit to the breeder even when blocking efficiency is
as high as 200 per cent; however, given (10) below, with



smaller plots and the same number of replications the
triple lattice structure could permit smaller experiments
with no loss of precision.

10) Optimum plot size for precision of ranking at 1.5 years
is probably from three to five trees; these small plots
allow more replication and greater precision.
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Short Note: Winter Injury in a Scotch Pine (Pinus sylvestris L.) Clonal
Seed Orchard

By D. F. VAN HAVERBEKE!)

(Received May 1979)

Summary

Scotch pine clonal seed orchard trees, 3 to 6 years old,
sustained varying amounts of crown damage following
prolonged drought stress and severe winter conditions in
eastern Nebraska, U.S.A. Damage was greatest in the north-
western portion of the orchard, direction of prevailing win-
ter winds. Primary branch tips and secondary branchlets of
trees were Killed by desiccation in the north and northwest
portions of the crowns. Significant differences in injury
were detected among clones and provenances, with greater
variation between provenances than among clones within
provenances. Provenances from most northerly and south-
erly regions incurred most damage. Age of trees was not
significant.

Key words: Seed orchard, winter injury, Pinus sylvestris

Zusammenfassung

Drei bis sechs Jahre alte Pinus sylvestris in einer Klon-
Samenplantage im Ostlichen Teil Nebraskas, U.S.A. erlitten
nach lingerer Einwirkung von Trockenheit und strengen
winterlichen Bedingungen Schiadigungen im Kronenbereich.
Am schlimmsten waren die Schdden im nordwestlichen Teil
der Samenplantage in der vorherrschenden Richtung der

1) Research Forester, Rocky Mountain Forest and Range Ex-
periment Station, U. S. Department of Agriculture, Forest Service,
Lincoln, Nebraska.

Silvae Genetica 28, 4 (1979)

Winterwinde. Durch Austrocknung waren die Spitzen von
Haupt- und Nebenésten der Bdume abgestorben. Signifi-
kante Unterschiede in den Schiden wurden zwischen Klonen
und Herkiinften entdeckt. Die Unterschiede zwischen den
Herklinften waren grofler, als die zwischen Klonen inner-
halb der Herkiinfte. Die Herkiinfte der nérdlichsten und
stidlichsten Regionen wiesen die meisten Schiden auf. Das
Alter der Bdume war nicht entscheidend.

Introduction

Young Scotch pine (Pinus sylvestris L.) trees in an east-
ern Nebraska, U.S.A. clonal seed orchard were observed with
varying amounts of crown damage in the early spring of
1977. Damage was confined to the north and northwest
portions of the crowns and was restricted to the killing of
primary branch tips and secondary branchlets. The grafted
trees ranged in height from 1.2 to 3.0 m. Evaluations were
made early spring 1977 to determine the cause of the dam-
age, and whether or not it was related to location within
the orchard, age, clone, or provenance.

Study Site and Methods

The orchard, located about 50 km northeast of Lincoln,
Nebraska, was established during 1971—74 from trees se-
lected within a range-wide Scotch pine provenance test
planted in Nebraska in 1962 (Reap 1971, VAN Haverseke 1974)
(Table 1). The orchard is on a Sharpsburg silty clay loam
with a zero to 2 percent slope to the southeast. It is ex-
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