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Summary

New poplar clones, selected within the best families
derived from controlled pollination among native and
introduced poplars, undergo a second phase of selection
in the nursery stage, and a final one in the field. The
design used for field test, provides evaluation of clone
performance under competition and without competition.

Data on height and D.B.H. obtained at the end of the
sixth year’s growth, showed that competition masks the
expression of these characters in certain clones, while
under non competitive conditions the same clones would
have been selected as satisfactory to excellent. Competitive
ability should be under genetic control and it is an in-
dependent variable from growth rate. Tree breeders, es-
pecially when they are working with poplars, should
consider competition as a factor that may seriously affect
the effectiveness of selection.
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Zusammenfassung

Neue Pappelklone aus den besten aus kontrollierten
Kreuzungen entstandenen Familien zwischen einheimi-
schen und eingefiihrten Pappeln unterliegen einer zweiten
Selektion im Baumschulstadium und einer SchluBselek-
tion im Feldversuch.

Der benutzte Feldversuchsplan erlaubt die Bewertung
des Klonverhaltens mit und ohne Konkurrenz.

Ergebnisse liber die Hohe und den BHD nach sechs Jah-
ren beweisen, dal Konkurrenz die Auspriagung dieser Ei-
genschaften bei bestimmten Klonen iiberdeckt, wéhrend
unter Bedingungen ohne Konkurrenz die gleichen Klone
als zufriedenstellend bis ausgezeichnet ausgelesen worden
wiaren. Konkurrenzfihigkeit scheint genetisch kontrolliert
zu sein und ist eine von der Wuchsgeschwindigkeit unab-
hingige Variable. Insbesondere Pappelziichter sollten den
Konkurrenzeffekt als Faktor berilicksichtigen, weil er die
Wirkung der Selektion ernstlich beeinflussen kann.

Introduction

Poplar cultivation has greatly expanded since the release
of fast growing Italien clones. In Greece the share of wood
production from poplars equals about fifty per cent of the
total timber coming out of the natural forests of the
country (GarypHaLos, 1976). The clones used in planting
is mainly the well-known ,I - 214“ while scme others of
the same origin as ,I - 262“ and ,I - 455“ are planted in
limited number.

This almost monoclonal cultivation is due to the growth
superiority, wood quality, good form and astonishing
plasticity exhibiting by the above mentioned clone. The
risks, however, of such culture are obvious and the use of
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new clones with comparable merits has been considered
as a matter of priority for partial substitution of clone
»I-214“ or in establishing mixed plantations. In this
connection, besides introduction and testing of new clones,
a breeding programme was initiated since 1965 one of its
objectives being the selection of new clones from families,
originating from controlled pollination among native and
introduced poplars (PANETsos, 1967).

Individuals selected from the best families, were vege-
tatively propagated and tested for a second phase selection
at the nursery stage (PaneTsos, 1973). The best of them
were outplanted in replicated field tests for final selection
in areas where active poplar cultivation is practiced. This
test is considered as the most critical one and the expe-
rimental design should be such that assesses the best
conditions for selection. Two main factors affect the per-
formance of individual plants: competition and soil
heterogeneity (Fasouras, 1979). Testing, therefore, poplar
clones should use such a design so that it would be possible
to gather information of how competition interferes with
individual plant growth, a character of primary impor-
tance for selection, and also to provide means for assessing
the performance of the new clones, under competition and
without competition, and at the same time to minimize
soil heterogeneity. In this paper results are presented
which were obtained from a field test with seven clones
in five spacings, six years after planting.

Material and methods

Two year rooted plants, raised in the nursery from
cuttings, were used for the establishment of a test planta-
tion of seven clones. Six of the clones were new selections
from our breeding programme, and the seventh was clone
»1 - 262“ which served as control. The new clones came
from a combined selection both between and within fa-
milies and are the following:

Ala Clone id. Origin Sex

1 He'- A/87 Populus deltoides var. 3
missouriensis X P. nigra
var pubescens (Parlat)

2 He - Z/17 P. deltoides var. missiouriensis Q
X P. nigra (KATERINI)2

3 He - Z/32 Same combination as above Q

4 He - X/10 P. deltoides var. missouriensis Q
X P. “italica”

5 He - X/34 “ “ Q

6 He-X/3 « “ Q

1. “He” stands for Hellas (Greece).
2. Pyramidal form growing in north Greece.

The planting site, which is located in the valley of
Thessaly, had been in pasture for several years. Before
plantation, the area was pan plowed to a depth of 50-60
cm and then disked. The soil comes from solonetz-like
alluvial sediments, with not good draining, high level of
ground water, with free carbonates and PH ranging from
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6,6 - 7,7. This kind of soil is not considered very suitable
for poplar culture.

The plantation was established in spring 1972, the same
day the plants were taken out of the nursery, in 50 to 60
cm deep holes and in a design developed by NeLper (1962)
for spacing experiments. The application of the design was
realized by following Namkoong’s (1965) computations of
planting points, for different densities and growing space
shape, which appears in figure 1. It consists of a circle
with 23 radii (spokes) and seven planting points per spoke
(plot). The within spoke spacing equals that between spo-
kes at any planting point. Each clone was planted in 5
different spacings along the spoke, while the innermost
and the outer tree served as border trees. In this way each
one of the seven clones was randomised within each block
of seven spokes and was replicated three iimes. The 22nd
and 23rd radii served as border plots. The design used
permits simultaneous test of the seven clones in five spac-
- ings."As it can be seen in figure 1 and table 1, the spacings
used represent the most common ones applied today in po-
plar cultivation.

After planting, care was taken that the experimental
site be kept clear of any vegetation by disking and hoeing
in close intervals during the growth period. The plantation
was irrigated systematically from the year the test was
established until the last data was obtained. All trees were

evenly pruned and care was taken in keeping one main
leader. There was no use of any fertilizer cr pesticide. At
the end of each growing period the height of all trees and
diameter at breast height (D. B. H.) were measured and
recorded, with precision of 0.2 m and 0.1 cm respectively.
Also recorded was the time of leafing, stem form, attacks
of any kind and finally the sex of the individual clones.

Results and discussion

Survival six years after planting was 100 per cent for
all clones in the test, due to the quality of the planting
material, the care taken during the plantation and after-
wards, until the last measurement. Considering, that the
testing area is only about 2.500 m? on a so0il of the same
origin more or less homogeneous, the number of clones
tested, the origin of the planting material, the uniformity
of the care taken, and that the three replications did not
show significant differences, then the one tree plot per
clone and spacing in three replications should be accepted
as satisfactory sample for the purpose of this experiment.

From the measurements recorded only height and D. B.
H. of the third and sixth year are given, because by the
end of the third year the effect of competition has been_

Border plants

Experimental plants

15.839, constant angle between adjacent spokes.
5.414 m, r, = 7.125 m, r, = 9.377 m, ry = 12.339 m,

«H°H®+o

= 16.239 m,
‘ i
21.370 m, r, = 28.123 m, successive radial distances, computed by the basing formula, r, = roa“. a =

1.316, constant, and r, = 5.414, the radial distance of the starting plant in each spoke.

(In R II: He — X/110 should read He — X/10)

Figure 1. — Circular design with three blocks of seven spokes, one clone per spoke with seven plants (2

border and 5 experimental plants). The shape of the growing space available for each plant is the same

throughout the whole circular plot. The plants at different spokes but at the same radius have equal
spacing (scale 1:400).
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expressed, while by the sixth year its pattern of evolution
can be seen. It should be noticed that the design of the
experiment — one spoke one clone — calls for competition
between genotypes (clones) of the adjacent radii, and den-
sity effect within spoke, since in the same spoke all the
trees are of the same genotype. According to Sakar (1972)
“little effect of competition is observed between trees of
the same clone or of the same genotype“. Moreover, growth
characteristics at the sixth year, for euramerican poplar
clones, represent growth of about half rotation time, and

could be used as reliable estimates of clone performance
for selection purposes.

Mean heights and diameters of all clones by spacing, at
the end of the third and sixth year’s growth, are shown
in table 1. The results from the analyses of variance, com-
puted on single plant data, are given in table 2. The indivi-
dual clone performance, for height and diameter in rela-
tion to spacing, and also the evaluation of clones to each
spacing separately, are presented in figures 3, 4, and 5.
The performance of the clones, with respect to height at

Table 1. — Mean height and breast height diameter, of the three replications for each clone and spacing, at the
end of the third and sixth year’s growth

Clone He - X/10 He - X/3 He - Z/17 He - X/34 He - A/87 I -262 He - 2/32

(&)} (2). (3) (4) (5) (5) (7)
Height D.B.H. |Height D.B.Hl Height D.B.H. |Height D.B.H.|Height D.B.H. |Height D.B.H.|Height D.B.H.

Spacings (m  (cm) (m)  {(cm) (m)  (cm) (m)  (cm) (m) (cm) (m)  (cm) (m) (cm)
A. Third year

2 | T T T T | T
a.. 3,93 m°13.2 12,5 [12,9 ;11,5 |11.9 | 10.4 [12.3 ;10,1 12,1, 9.0 | 11.3! 8.7 [ 12,5 | 8.4
b.. 6,80 w?f13.4 1 14.2 [13.1 112.8 [12.6 1 13.6 [12.3 113.0 | 12.91 10.6 | 12.6 : 12,1 | 11.9 | 9.0
Cow 11,76 m?[13.3 15,2 {12.3 '14.3013.0 ! 16.2 |12.6 '13.9 | 11.9 ' 12.8 [ 12.8, 13.8 | 12.2 ! 9.7
d.. 20,38 n?|12.8 : 16.6 |12.6 :15.4 11.6 : 16.6 [12.2 :16.6 11.3 : 13.7 | 12.6 | 15.5 | 12.3 : 11.6
e.. 35,30 [13.5 | 16.5 |[11.7 ,16.6 [12.6 | 18.8 [11.0 17.7 | 10.4 | 14.5 | 11.7 : 16.6 | 11.6 | 11.5

! | | | 1 !

B. Sixth year

2 | 1 T ] T T T
a.. 3,93 m|20.3 119.0 {17.9 117.2 |17.1 | 12.8 |18.4 1156 | 16.9 1 11.4 | 16,4 1 10.6 | 16.8 | 11.4
b... 6,80 m2[20.6 !21.8 [20.1 '20.9 |19.0 ! 19.6 |18.8 '19.6 | 18.8 ' 15.0 | 19.1 ' 18.0 | 17.6 ' 12.6
c.. 11,76 m?|20.5 : 25.0 [20.2 | 24.0 |19.5 : 25.4 |19.4 |23.5 | 19.6 : 19.4 | 19.5 : 21.7 | 17.9 : 14.7
d.. 20,38 n219.9 ) 27.0 |19.1 26,3 (18.7 | 26.3 [19.2 (27.7 | 18.6 | 22.4 | 19.5 | 25.7 | 18.2 | 18.9
e.. 35,30 m?|18.6 128.6 [18.0 128.3 [18.5 1 30.0 |18.0 120.7 | 17.8 1 24.5 | 18.4 | 27,0 | 16.6 1 19.0

L Il ! 1 1 | 1

P (9 P

Figure 2. — Portion of the design, showing one complete spoke of clone “He — X/10”. It can be seen .

b R PRI e N30 44 i

the differences in D.B.H. related to spacing. From the seven plants in the spoke the outermost and
the inner one are border plants.
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Table 2. — Analysis of variance: for height and diameter at breast height (D.B.H.)

the third year, is not presented, since no significant dif-
ferences were found between clones, or within clones
related to spacing. It appears that by the third year there
is no significant differentiation among clones on their
height growth potentialities and also that competition due
to spacing does not affect height in this age. This finding
is in agreement with Sakars (1972) conclusion, concerning
the effect of competition on height growth of forest trees,
and also with KriNarD and JoHnsoN (1975) who reéport that
height growth of cottonwood appeared unrelated to spac-
ing. However, by the sixth year, the analysis performed
(table 2) shows significant differences between trees of the
same clone, and also among clones, but no clone X spacing
interaction, which indicates that all seven clones behave
in the same manner to competition related to spacing. The
general trend which appears is that trees at the medium
spacing are taller than the ones at close and wide spacings.
This behaviour of all clones in the test, shows that compe-
tition can stimulate height growth to a certain level, after

Source Degrees Mean square Mean square
of of Height Diameter
variation freedom 6—-year 3-year 6~-year
*x
Blocks 2 0,22 NS 12,87 4,45 NS
* K *k *k
Treatments 34 3,70 24,38 .98,34
dok *k * %
Clones 6 8,82 48,21 157,46
*k ** *k
Spacings 4 12,91 122,78 558,66
* *k
Clone X Spacing 24 0,88 NS 2,02 6,84
Error 68 0,63 1,08 2,79
* Significant at the 5% level
**  Significant at the 1% level
NS Non significant
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Figure 3. — Height by clone and spacing, at the end of sixth year’s 8
growth. {
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Figure 4. — D.B.H. by clone and spacing, at the end of third year’s
growth

which its effect is suppressing, as in this case on spacing
3.93 m2 It is anticipated that later on, inhibition on height
growth due to competition, can appear on wider spacings
too, The lack of interaction between clones and spacing,
with respect to height, makes selection effective regard-
less of spacing if the only criterion is just height. It should,
however, be taken into consideration from the results ob-
tained, that height at early age does not express the
potentialities of poplar clones on that particular character.

As far as diameter is concerned, significant differences
were found between clones, even in the third year after
planting. These differences remain almost the same in the
sixth year. Selection, therefore, of the best clones for this
particular character can be effective as early as three
years after the establishment of the test. Considering,
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Figure 5. — D.B.H. by clone and spacing, at the end of sixth year’s
growth.

however, that yield is a combined character of height and
diameter of the tree, then selection will be more efficient
in the sixth year.

Diameters of trees within clones, i. e. trees growing in
the same spoke but at different spacing, were significant
affected in the third year. This differentiation related to
spacing became more severe in the sixth year, so that in
most of the clones only trees growing in the two wider
spacings were not significantly affected at that age (Table
2).

The most important finding, however, in this experiment
is the reaction of the individual clones, with respect to dia-
meter growth, under various spacings. The analysis perfor-
med showed significant interaction of clone X spacing in
the third year, which by the sixth year became highly
significant. It appears, therefore, that under the impact of
competition, due to spacing, clones are affected differently
and consequently the superiority of a clone in a particu-
lar spacing might be not so in another. This can be seen
clearly in figure 5. To be more specific, if selection for
D. B. H. was applied, in a test plantation of 3.93 m? spacing,
clone “He-X/10“ would have been selected as the best
among the seven clones of that test. If, however, the same
criterion was used for selection of the same clones in a
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test of 35.30 m? spacing, then clone “He-Z/17“ would have
been selected as the best, which in the first case has been
evaluated as slow growing. It is anticipated that later on,
as the plantation grows, the competition will become more
severe, even for middle spacings, and the differences in
behaviour more and more pronounced.

The question arises then, and it is a critical one: can we
select in poplar breeding efficiently under competition,
when the selections are destined to be cultivated in wide
spacings, as is the usual practice in many countries today?
or vice versa, can we select without competition and then
use these clones for dense plantations? There is yet anoth-
er question. What is going to be the behaviour of a clone
when it grows best under competition, as clones “He-X/10
and “X/3“ in this experiment, if it is planted in monoclo-
nal plantations of close spacing?

To the questions raised above, from the results obtained,
we may give some reasonable answers to the first two
but not to the third one. a. Selecting under competition is
not an efficient procedure, because valuable clones can be
discarded if the selections are destined to be planted in
wide spacings. b. Selecting the best clones in a test without
competition, is the most efficient operation, if the clones
selected are going to be planted in wide spacing. The use,
however, of the same clones in dense plantations can be a
misleading procedure, since the results of this experiment
have shown the existence of clones sensitive and insensiti-
ve to competition due to spacing. It is, therefore, a matter
of chance in such a test, for a clone to be selected which
combines growth merits and competitive ability, or a clone
with excellent growth rate but being a poor competitor.

The behaviour of the clones as it has been discussed to
this point, indicates that competitive ability of a clone
(genotype) should be under genetic control and also it is
an independent variable from growth rate. This inference
comes in agreement with what Saxar (1772) has stated:
“Competitive ability of individual trees is a character
controlled by genes which are assumed to be genetically
independent from genes controlling characters such as
height, growth rate etc“.

In spacing experiments with F, plants of wheat, for

selection purposes, FasourLas (1978) arrived to the following
conclusions, which are quite comparable with what has
been stated in this discussion.
a. Interplant competition renders selection completely in-
effective and b. Selection in the absence of competition
was extremely effective and progress made ranged from
17 to 19 per cent. He attributes his findings to the fact
that competition suppresses the expression of the geno-
types, while under non competitive conditions genotypic
differentiation is allowed to be manifested, maximizing
effectiveness of selection.

An answer to the third question, i. e. behaviour of clones
under density has significant economic implications, be-
cause if it is the case that good competitors are also able
to grow well under monoclonal close spacings, then by
using the proper clone, especially in short rotation plan-
tations, wood production per unit area can be maximized.

The results presented, concerning the performance of
individual clones without competition, are in full agree-
ment with those obtained from a similar test at the same
age, but established in a randomized complete block design
with four replications of six plants per plot, at spacing
6 X 6 meters, in northeastern Greece. Clones “He - X/3“,



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

1) This is a U. S. Government publication and is not subject to
copyright.

?) The authors are respectively, Plant Physiologist and Biological
Aide, Division of Land and Forest Resources, Tennessee Valley
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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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