“He - X/34“ and “He-X/10“ are the best, with respect
D. B. H. growth, without significant differences among
them, while clone “He - X/10“ does not differ significantly
from clones “I-214“ and “I-262“. Clone “I-214“ has
been included in that particular test as a second control
(PanNEeTsos 1979, in press). -

References

Fasouras, A. K.: Selection for yield in the absence of the masking
effects of competition and soil heterogeneity, XIV International
Congress of Genetics, Abstracts, Part II, Sections 21—32 Moscow,
(1978). — Fasouras, A, K.: The Honeycomb Field Designs. Depart. of
Gen, and plant bred. Ar. Un. of Thessloniki, Greece. Pub. No. 9,

69 pp. (1979). — GarypuaLos, I.: For an overall utilization of poplar
wood. Dassika chronica. 10—11: 266—271 (1976). — KriNARD, R. M., and
R. L. Jonnson: Ten-Year results in a cottonwood plantation spacing
study. U. S. Dep. Agr. For. Ser. Res. Pap. SO - 106, 10 pp. (1975). —
NaMKooNG, G.: Application of Nelder’'s designs in tree improvement
research. N. Car. Agr. Exp. Station. Pap. No. 2021, (1965). — NELDER,
J. A.: New kinds of systematic designs for spacing experiments.
Biometrics. 18: 283—307 (1962). — Panersos, C. P.: Artificial hybrids
between the native(Populus nigra L. var. pubescens Parlat) and
introduced clones and species. Publ. of the For. Res. Inst. Athens.
No. 18, 44 pp. (1967). — Panersos, C. P.: Breeding of poplars in
Greece. Annals of the Ar. Un. of Thessaloniki, IE (B): 179—188 (1973).
— Panersos, C. P.: Greek poplar clones, growth-shape-adaption.
Annals of the Ar. Un. of Thessalonikl, School of Agr. and For.
(1979 in press). — Sakai, K. I1.: Problems of selection in forest trees.
Paper presented to workshop in applications of quant. gen. to
forestry, Tokyo. (1972).

Variation and Inheritance of Initial Shoot Growth Characteristics
in White Oak’)

By R. E. Farmer Jr. and M. CUNNINGHAM?)

(Received January / April 1980)

Summary

Open-pollinated progeny from 15 clones in a seed or-
chard were used fo evaluate genetic variance in epicotyl
dormancy and early growth of white oak in the green-
house. Epicotyl dormancy was induced by germinating
seed at cool fall temperatures (10 - 15°C) and was subse-
quently broken by outdoor chilling until February. Aver-
age percents of seeds with normal shoot elongation were,
respectively, 85, 53, and 87 for samples moved to a green-
house in October, November, and February. Family vari-
ance in percent epicotyl dormancy ranged from 27 percent
of total variance in seed germinated in the greenhouse in
October to 15 and 16 percent for plants germinated out-of
-doors and moved to the greenhouse in November and
February, respectively. Total leaf area on the initial flush
of shoot elongation varied widely among families, was
under strong genetic control, and was positively correlated
with dry weight of four-month-old seedlings (genetic
correlation coefficient = .91).

Key words: epicotyl dormancy, leaf area/shoot growth correlations,
container stock production.

Zusammenfassung

Titel: Variation und Vererbung von Eigenschaften des
Beginns des SprofSwachstums wvon Quercus alba.

Frei abgebliihte Nachkommenschaften von 15 Samen-
plantagenklonen wurden benutzt, um die genetische Vari-
anz der Epikotyl-Ruhe und des Frliwachstums von Q.
alba im Gewichshaus zu bewerten. Die Epikotyl-Ruhe
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copyright.

?) The authors are respectively, Plant Physiologist and Biological
Aide, Division of Land and Forest Resources, Tennessee Valley
Authority, Norris, Tennessee, (U. S. A.) 37828

Silvae Genetica 29, 3—4 (1980)

wurde durch Keimen von Saatgut bei kiihlen Herbsttem-
peraturen (10 - 15° C) induziert und durch Stratifizieren
im Freien bis Februar gebrochen. Die mittleren Samenpro-
zente mit normaler Sprofideckung lagen bei 85, 53 und 87,
wenn sie im Oktober, November und Februar ins Ge-
wichshaus gebracht wurden. Die Familienvarianz in Pro-
zent ruhender Epikotyle rangierte von 279 der Gesamt-
varianz bei Samen, die im Oktober im Gewichshaus ge-
keimt waren bis I5 und 16%/o bei Pflanzen, die im Freiland
gekeimt und im November und Februar ins Gewéchshaus
gebracht worden waren. Die Gesamtblattfliche des ersten
Schubs der SproBstreckung variiert zwischen Familien in
weitem Rahmen, steht unter strenger genetischer Kon-
trolle und war positiv mit dem Trockengewicht vier Mo-
nate alter Samlinge korreliert (genetischer Korr. Koeffi-
zient = 0,91).

Introduction

Recent observations of white oak (Quercus alba L.) ger-
mination (FARMER, 1977) and early growth (FarRMER, 1980)
suggest that epicotyl dormancy and initial leaf area may
substantially influence the speed of container or bare-
root stock production. Epicotyl dormancy, apparently
induced by fall germination temperatures (10 - 15°C), must
be considered in growing container stock from fall collect-
ed seed since it is closely related to shoot elongation poten-
tial (FARMER, 1977). In interspecific comparisons of oaks,
initial leaf area has been shown to be positively related
to first year growth (Farmer, 1980). Therefore, genetic
differences in these characteristics may give opportunities
for quick, inexpensive improvement of early growth. This
test is an evaluation of variation in initial shoot charac-
teristics among open-pollinated progeny of grafted clones:
in a southern Appalachian breeding population of white:
oak.
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Methods

Seed were collected in mid-October 1977 from three
ramets of 10 clones and from 2 ramets of 5 clones in a
10-year-old one-acre orchard near Norris, Tennessee. The
orchard planting design included completely random
location of ramets. Immediately after collection, nine 15-
cm pots filled with a peat-perlite (1:1) potting mixture
were each planted with 10 seeds from one of the 40 ramets.
Three of these nine pots (replicates representing a single
ramet) were placed in a greenhouse immediately after
planting on October 18. Pots of the remaining six replica-
tes were placed in a lathhouse where they were covered
with sawdust to prevent freezing. On November 23, 1977,
and on February 12, 1978, three replicates were moved
from the lathhouse to the greenhouse. Prior experience
(FarMer 1977) indicated that a November sample would
have a relatively high percentage of dormant epicotyls,
and chilling required for normal shoot growth would be
completed by February.

Pots in each of the three samples (October, November,
February) were arranged randomly on a single greenhouse
bench; during the test period, pots were under an 18-hour
photoperiod at a temperature of 18 - 27°C. Temperatures
were about the same during shoot elongation periods for
each sample. Shoot emergence was recorded daily, and
after the initial flush of shoot elongation was completed,
each plant was examined and its shoot classified as normal
or showing epicotyl dormancy (i. e., elongation less than
7cm and failure to develop leaves). In the October and
February samples, shoot length and total length of all

leaves were measured on three normal plants per pot
after the initial shoot elongation and leaf maturation. After
these measurements, all but one plant per pot in the Oc-
tober and February samples were removed; the remaining
plant was grown until late May 1978 and harvested for
measuring shoot and leaf characteristics and ovendry
weight. Growth of plants in the November sample was not
studied due to insufficient numbers with normal shoot
elongation.

Samples of leaves were harvested and photocopied and
their areas were determined by planimetry. The regress-
ion of log,, leaf area on log,, leaf length, which had an r?
of .87, was computed and used to determine leaf area of
all measured plants.

The analysis of variance outlined in Table 1 was used to
evaluate the relative contribution of parent clone, ramets
within parents, and within ramet differences to total
variance in germinaton and growth characterstics.

Results

An average of 85 percent of the unchilled seed placed
in the greenhouse in October exhibited one flush of nor-
mal shoot elongation and leaf development (Table 1). Par-
ent clones and ramets within parents were significant
sources of variation in this percentage, with families hav-
ing from 56 to 95 percent normal shoots. As in a previous
study (FarMer, 1977), seed incubated at lower out-of-door
temperatures until November had a reduced percentage
of normal shoots (53 vs. 85) when removed to the green-

Table 1. — Shoot characteristics of white oak grown in October, November, and February.

Leaf Area on
Initial Flush, cm?2

Percent Normal

Parent Shoot Elongation

Number Leaves on
Initial Flush

Shoot Length of
First Flush, cm

Number

October November February October February October February October February

00 71 45 77 133 105 5 5 15 13

01 87 61 88 137 109 5 5 16 16

14 93 38 87 196 119 5 5 16 14

18 95 45 82 154 115 5 5 16 15

51 80 58 85 172 132 6 5 17 16

53 86 52 73 158 101 5 4 16 14

55 89 47 91 105 92 4 5 15 14

57 74 38 90 142 107 5 5 16 15

71 88 66 97 132 121 5 5 15 15

72 56 64 82 60 52 4 4 11 11

75 86 37 90 110 82 5 5 16 14

81 93 66 90 146 109 5 4 16 15

82 93 76 99 166 148 5 5 16 16

84 90 60 86 150 127 5 5 17 16

86 90 38 92 110 92 4 4 14 15

Mean 8 53 87 138 107 49 47 15 15

Variance Components Expressed As Percent of Total Variance Expected Mean Square
Parent  27* 15*  16* 66* 61* 40*  20* 46* 44* oy + o?p + 3oPp + 7.980%
K

Ramet/

Parent 17+ 11 11 12+ 6 3 11 6 8 oy + o%p + 3o%
K

Pots/

Ramet 56 74 73 5 3 26 33 30 3 o*y + o%p
K

Within

Pots! — — — 17 31 31 36 18 45 o2y
K

* Source of variation significant at .05 level of probability.

1 Computed with data from every tenth pot via o2w where K = harmonic mean of plants per plot.

K
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Table 2. — Growth characteristics of white oak seedlings established in October 1977 and February 1978 and grown until June 1978.

Established in October

Established in February

Parent Ovend Leaf Ovend
Number Weightf‘yg Area, cm? Shoot/Root Weightl,'yg Arzt[;:,a(t:m2 Shoot/Root
00 4.17 -163 .38 3.33 317 1.27
01 4.68 229 42 2.96 218 1.11
14 8.62 251 28 4.15 354 1.06
18 5.72 200 .29 2.87 174 .83
51 5.76 260 42 4.26 378 1.45
53 3.81 149 .35 3.52 269 1.13
55 3.93 187 48 2.60 271 1.43
57 2.84 94 .59 3.20 247 1.07
71 5.85 362 .63 3.30 347 1.44
72 2.03 93 43 1.51 135 1.34
75 3.09 177 .48 2.29 153 1.14
81 5.09 214 .58 3.62 328 1.14
82 7.04 416 .69 4.44 417 1.41
84 6.41 422 .64 3.84 295 1.14
86 3.45 199 42 2.52 252 1.37
Mean 4.83 228 .49 3.23 279 1.21

Source of Variance

Percent of Variance

Expected Mean Square

Parent 30*
Ramet/Parent 11
Within ramets 59

33* 14* 0% + 30%; + 7.890%
10 0 o® + 3o’
57 86 a®

*Source of variation significant at the .05 level of probability.

house, though all seed in this sample exhibited root growth
during lathhouse storage. Plants chilled until February had
an average of 87 percent normal shoots. Family variance
in proportion of normal shoots was 15 to 27 percent of total
variance, depending upon sample date. In November,
family means ranged from 37 to 76 percent; the family
range was less in October and February, with 12 of the
15 families having over 80 percent normal shoots.

After the first flush, leaf area was slightly but signifi-
cantly (.05 level) lower in the February sample than in
October. However, there were major differences in leaf
area among families which accounted for over 60 percent
of the total variance. Family variance was also significant
for leaf number and shoot length, though the ranges in
family means were not as large as for leaf area. Ramets
within parents accounted for a small percentage of varian-
ce, and ramet effects were statistically significant only for
‘October leaf area.

Less than 10 percent of plants left in the greenhouse
from October 1977 to May 1978 showed a second flush of
normal growth (Table 2). Many lost apical dominance in
April and developed lateral shoots with normal leaves,
giving a bushy appearance to these plants. Almost all
plants starting shoot growth in February showed two
flushes by May. Family differences accounted for about
30 percent of the variance in final weight and leaf area of
the February sample, while variance associated with ram-
-ets within parents was nonsignificant.

The large variance in leaf area and ovendry weight was
accompanied by strong correlations between these two
.characteristics. Simple correlations of family means had
a coefficient of .88 for leaf area versus plant weight at the
May harvest, and a coefficient of .92 for leaf area after
first flush versus harvest weight. The correlation of family
means for first flush leaf area of the October sample

versus May weight of the February sample had a coeffi-
cient of .91. The genetic correlation coefficient was .91 for
the relationship between first flush leaf area and the May
weight of the February sample; the phenotypic correlation
coefficient for individual plant values was .55.

Conclusions

Data from this study show substantial variation among
open-pollinated families in the degree of epicotyl dormancy.
They also support the hypothesis that seed germinated
before chilling in the fall have only a single flush of
normal shoot elongation under long photoperiods in the
greenhouse. Total leaf area on this initial flush of shoot
elongation is widely variable, under strong genetic control,
and highly correlated with early growth. Leaf area seems
more related to individual leaf size than to number of
leaves per plant. There is little variance among ramets
within clones (i. e., environmental preconditioning) for
any of the germination and growth characteristics.

In this orchard, selection of open-poliinated families
with leaf areas around 40 percent greater than the test
mean produced four-month-old seedlings, 30 percent
heavier than the test mean weight. However, when the
family variance accounts for over 30 percent of total va-
riance computation of narrow-sense heritabilities (assum-
ing family variance as one quarter of additive variance)
would give heritabilities of over 1.0 and is probably not
appropriate in computing genetic gain. It is, nevertheless,
clear that substantial gains in early growth can be made
through selection based on leaf area immediately after the
first flush of shoot elongation.
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