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Analyses of Genotypic Variation in
White Poplar Clones at Four Sites in China
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Abstract

Growth characteristics have a complex inheritance
pattern, and the gene-environment interaction makes
predicting tree responses to environmental change diffi-
cult. The primary goals of this study are to evaluate the
variation in growth traits of different white poplar
clones and to measure the inter-site variation and eco-
logical sensitivities. In the experiment, a total of 30
white poplar clones were planted and measured over 5
years for height (H) and diameter at breast height
(DBH) at four different sites in North China. ANOVA
results showed that there were significant differences in
H and DBH between clones at each site (P<0.01). Phe-
notypic and genotypic variation, and the repeatability of
H and DBH, increased with the tree growth, which sug-
gested that the inter-clone variation became gradually
larger under the control of genetic factors. Under a
selection ratio of 20%, the genetic gains of H and DBH
also increased with the tree growth at the same site.
Correlation analysis showed a significantly positive
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association between H and DBH both at the same age
and sites, but the correlation coefficients decreased with
increasing age. In conclusion, genetic gains were not
equal between different sites, indicating differences in
the influence of environment on the poplar genotype.
Further investigations may be able to determine the
role of environment for tree breeding programs and
genetic selection.

Key words: poplar, variation, repeatability, genetic gain.

1. Introduction

Poplar naturally grows in temperate forests of the
northern hemisphere, and is widely used for various
solid wood and panel products (e.g. pulp, paper and fiber
products) and as a source of energy (SEYED, 2011,
BrADSHAW et al., 2000; FANG et al., 1999; GAMBLES et al.,
1984). It is also an attractive and valuable forest
resource because of its fast growing nature and can be
easily propagated from both seed and vegetative repro-
duction (SCHREIBER et al., 2011; COOKE et al., 2007).

Growth characteristics are complex in inheritance and
are greatly influenced by various environmental condi-
tions. Different species and clones have various perfor-
mances in different environments (FANG et al., 1999).
The gene-environment (G X E) interaction describes the
situation where a number of genotypes respond differ-
ently to various environments, so that the effects of
genotypes and environments are not statistically addi-
tive (LYNCH et al., 1998). The existence of G XE interac-
tion makes it impossible to interpret the main effects of
genotype and environment and to predict the perfor-
mance of genotypes in changing environments (MARRON
et al., 2010). In general, the environment can act on
clonal in three different ways: (1) the G XE interaction

187



is not significant; (2) the G X E interaction is significant
due to changes in differences among genotypes but not
due to changes in genotype ranking; and (3) the G XE
interaction is significant due to changes in genotype
ranking from one environment to another (NICOLAS et
al., 2007). Only the last case will cause problems for the
breeder because a genotype selected for its growth vigor
may not necessarily be vigorous if it grows in a different
environment.

In this experiment, a total of 30 white poplar clones
were used to investigate the variation of height (H) and
diameter at breast height (DBH) of different age at four
sites. The primary objectives of this study are to: (1)
compare growth traits of different poplar clones; (2) esti-
mate genotypic inter-clonal variation and repeatability
of H and DBH, and estimate inter-site variation and
ecological sensitivity of poplar clones; (3) estimate geno-
typic and phenotypic parameters and their age trends;
and (4) predict selection gains and correlated responses.

2. Materials and Methods
2.1 Sites description and material

Four sites were selected for plantation in North
China: Guanxian (GX), Ningyang (NY), Weixian (WX)
and Fengfeng (FF). Main characteristics of the four sites
are presented in Table 1. Soils at the four sites repre-
sent in which white poplar clones are expected to be
planted in North China. The NY site has sandy loam
soil, whereas other sites which were originally aban-
doned agricultural land have rich soils.

Thirty white poplar clones were used in this study
(P20, P22, P23, P26, P28, P30, P42, P46, P49, P50, P53,
P63, P64, P67, P69, P76, P77, P78, P83, P85, P87, P88,
P98, P99, P101, P103, P104, P105, P106, and P107),
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which were obtained by cross experiments in 2000, and
the parents all belong to white poplar (Populus tomen-
tosa X (P. tomentosa X P. bolleana)). The experimental
plantations were established with 1-year-old seedlings
in March 2006 by utilizing the randomized complete
block design (MARRON et al., 2006), with four blocks at
each site. In each block, clones were planted in row plots
with four trees at 3 X4 m spacing.

2.2 Statistical analyses

All common trees were measured for H and DBH at
3-5 years at the four sites. Abnormal data due to tree
death or broken were excluded from the analyses. Indi-
vidual trees were measured by using an unbalanced lon-
gitudinal schedule (Table 2). There were at least three
time measures at GX and at most five time measures at
NY. The others have four time measures (WX and FF).
Statistical analyses were carried out by using SPSS ver-
sion 13.0 (Chicago, SPSS Inc). The significance of fixed
effects was evaluated using F' tests. The linear mixed-
effect models (1) were used for joint analysis of the four
sites together (DHILLON, 2012):

Viurt + 8; By +Ci+ CSy+ BCyi +em (1)

where Vi is the performance of the /,, ramet of the &,
clone growing in the j,, block of the i, site;  is the over-
all mean; S, is the effect of the i, site i=1,...... 4);B.. i
the effect of the j,, block within the i, site (j=1,...... 4),
C, is the effect of the &, clone (k=1,...... 30); CS,, is the
interactive effect of K, clone and It, site, BC ik is the
interactive effect of K, clone and J/,, block (within :
site) and &ijni is the random error.

th

Variation among ramets of the sampled clones was
analyzed by analysis of variance (ANOVA) within sites
(HANSEN et al., 1996):

Table 1. — Main characteristics of poplar clonal trials.

Site  Longitude®E Latitude® N Altitude

Annual average Temperature

Annual rainfall{mm)

FF 114°14° 36.26 100
WX 153.16 37.04 37
GX 11522 36.62 32.00
NY 116.53 3555 91

14.1°T 627 mm
13.6C 300mm
13.0C 584mm
1347C 689mm

Table 2. — Measuring schedules for H and DBH in four sites during 2006—2010.

H
Sites
2006 2007 2008 2000
GX - - X X
WX - X X X
FF - X X X
NY X X X X

2010

DEH
2006 2007 2008 2000 2010
X - - X X
X - X X X X
X - X X X X
X X X X X X

Note: X denotes that the trees were measured and — denotes that the trees were not mea-

sured.
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Yim ut ot Bt o+ g (2)

where v, is the performance of the ramet of ith clone
within the jth block, # is the overall mean; o, is the
effect of the clone (i=1,...... 30); Bj is the effect of the
block (i=1,...... 3); aB, is the random effect of the ith
clone with in jth block and g, s the random error.

The genotypic coefficient of variation (GCV) was calcu-
lated using the following formula (HAI et al., 2008):

Ao 2 x 100

GCV= — , (3)
where X is the phenotypic mean of the trait H (DBH)
and the o2 is the genotypic variance component of H
(DBH). The coefficient of phenotypic variation (PCV)
was obtained from the phenotypic variance component
as: 0 =02 + 0%,

The individual repeatability R was calculated as
(HANSEN et al., 1996):

o

2
c
2

R=—" 2
O-c+0-b +O’G

, 4)
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where o2 is the genetic variance components between

clones, 02b is the block variance and 026 is the error vari-
ance component.

The phenotype correlation r,(xy) of traits x and y was
calculated as (PLIURA et al., 2007):

O aixy)
rA (Xy) = > ) 5
o a(x) g a(y)

(%)

where o2, () 18 the clone variance component for trait x,
o2, , is the clone variance component for trait y and
o? () 18 the clone covariance component.

2.3 Stability parameter concepts

H or DBH during the fifth year may reflect the
response of the clones to the environments of the experi-
ment fields. Since H and DBH were significantly corre-
lated during the fifth year, only DBH was used for the
stability study (Table 7). FINLAY (1963) used the estimat-
ed regression coefficient bi of individual performance
against site means to measure stability and relative
adaptability. Regression coefficients (bi) were estimated
using the following regression model (YU et. al.,2003):

Table 3. — Variance Analysis for H and DBH in the different variation source.

Variation source
clone

Lraits vedr
2006
site
clone
site X clong
Error
sites

2007

2008 . clone

site x clong
H Error
sitcs
2009 _ clone

site x clone
Frror
sites
clone

site x clone
Frror
clong
site
clone

2010

2006

2007 .
site x clone

Frror
sites
clone
site x clone
Error
gites
clone

2008
DBH

2009 .
site X clone

Lrror

sites

2010  clone
site x clone

Error

df MS F p
29 2428 5.406 <2001
2 116.586 163.867 <0.01
29 18,233 25627 <<0.01
58 3174 4.462 <<0.01
758 0711

3 145.900 236.742 <001
29 40.499 65.715 <0.01
87 2843 4,617 <01
1119 0.616

3 221.076 248.283 <<0.1
29 67.530 75.841 <2001
87 3.526 3960 <0.01
1119 0.890

3 232.504 210277 <0.01
25 86,298 78.048 <0.0
87 5.658 5.117 <<0.01
1119 1.106

29 1.611 5.40 <<0.01
2 123.764 166 .486 <0.01
29 21.285 28.645 <<0.011
58 2364 3.180 <0.01
758 0.743

3 110.659 118.149 <0.01
25 66.360 70.852 <001
87 4077 4.353 <001
1119 0.937

3 85.127 60.020 <<0.01
29 122.692 86.505 <<0.01
87 5.507 3883 <<0.01
1119 1418

3 110.731 64.039 <Z0.01
25 195.212 112.898 <.}
87 6.753 3.905 <0.01
1119 1.7724
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Yi=a+bxi+ei, (6)

where y is the clonal value at the site i, a is the inter-
cept of the site, x, is the mean of all clones at the it site,
and e, is the unknown error. A variety with b, value close
to 1 indicates average stability, relatively speaking,
which is equally adapted to good and poor sites; high
values of b, (>1) indicates low stability, and low values
of bi (<1) indicates high stability.

3. Results

3.1 Variation among all variation sources

Results of ANOVA for H and DBH across four sites
were presented in Table 3. All effects, including clone X
site interactions were highly significant (P<0.01) based
on overall F tests.

3.2 Average H and DBH for all trees at different sites

The average H and DBH of all trees at four sites were
summarized in Table 4. The average H of four sites all
increased greatly during growth years. Especially at FF,
the average H changed from 6.44 m to 9.91 m from 2007
through 2010. At WX, the average H grew faster from
2007 to 2009 (5.46 m—8.86 m) than from 2009 to 2010
(8.86 m—9.62 m). The NY site showed the lowest growth
velocity, and the average H changed from 4.32 m to
7.85 m from 2006 to 2010.

The average DBH of 30 clones at FF was also higher
than other sites for different years (Table 4). It changed
from 5.88 c¢m to 10.62 cm from 2007 to 2010. In 2007,
the average DBH at NY (5.18 cm) was higher than that
of WX (4.47 cm), but after two years, NY had the lowest
DBH (9.19 cm).

There were significant diversities in H and DBH
among the four sites in each year. In 2007, average Hs
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of FF, WX and NY were 6.44 m, 546 m and 5.21 m
respectively. Average DBHs were 5.88 cm, 5.18 cm, and
4.47 cm for FF, NY, and WX respectively. In 2008, aver-
age H and DBH of FF were the highest, and those of NY
were the lowest. In 2010, FF had the highest average H
and DBH, and NY had the lowest H and DBH among all
four sites.

3.3 Age trends in variation among poplar clones.

Ranges of H and DBH for all clones at each site were
shown in Table 4. Average H of each clone at FF varied
from 4.07 m to 8.79 m in 2007, while the maximum was
2.16 times the minimum. In 2010, the range was from
5.23 m to 13.22 m with a discrepancy of 2.53 times.
Ranges of DBH among different clones at FF also
changed significantly across years. The range was from
3.32 cm to 8.12 c¢cm in 2007, but the range was from
4.14 cm to 16.32 cm in 2010. Other sites also presented
the same trend that as the age went up; the width of
range became larger. PCV and GCV of H and DBH at
four sites in different years were also displayed in
Table 4. The clonal PCV and GCV for DBH were higher
than those for H, and GCV was lower than PCV. PCV
and GCV of H and DBH at GX were smaller than those
of other sites, while WX had higher variation. Taking
one with another, PCV ranged from 15.34% to 23.40%
for H and 19.42% to 31.88% for DBH, however GCV
ranged from 14.43 to 22.20% for H and 18.43% to
29.83% for DBH. With the tree development and
growth, PCV and GCV of H and DBH increased for all
sites.

3.4 Age trends in repeatability

The clonal repeatability of H and DBH varied greatly
year-by-year and reached the highest level in the last
year at each site. The repeatability of H and DBH in FF

Table 4. — Variation parameter analysis of H and DBH of 30 poplar clones in different sites.
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Site Year H DBH
Average Range PCY GCV R Average Range PCV GCV R
2007 644 4.07-87% 1970 18.61 09629 588 332-8.12 2364 2232 09678
- 2008 7.63 440-1046 2038 1924 09745 7098 358-11.86 2668 2520 09837
2009 895 5.02-12.03 2069 1954 09759 959 393-1450 27.82 2627 09849
2010 991 523-1322 2340 2210 09809 1062 4.14-1632 2918 27.55 09859
2008 6.70 4.60-953 1943 1845 09694 699 4.15-855 1942 1843 0.9661
GX 2009 812  550-10.88 1950 1852 09724 867  449-11.87 22935 21.78 096385
2010 982  6.04-13.19 1989 18.89 09730 1054 5.10-1599 2504 23.77 09805
2006 432 332-515 1534 1443 08150  3.01 1.7-403 2148 2020 08148
2007 521 386-6.52 1751 1047 08959  5.18 3.52-698 1982 18.64 09228
NY 2008 583 4.10-7.59 1847 1737 09237 656 424900 2145 20,18 09412
2009 6388 498-974 2036 19.16 09545 832  5.10-11.93 2396 2254 09602
20010 785 539-1142 2336 2198 09661 919  567-1400 2675 2517 (09685
2007 546 320-733 1941 18.16 0.7977 447 220-7.13 2411 2256 (.8232
WX 2008  6.82 503-931 2044 19.13 08652 679 305986 25.13 2351 0.8632
2009 886  6.50-1230 2198 2057 09030 8.61 531-1241 2769 2590 0.8841
2010 962 6.84-1259 2380 2227 09048 1002 570-14.84 3188 2983 09035

Note: the unit of H was m, DBH was cm, PCV and GCV were %.
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Figure 1. — Genetic gain of H and DBH of different sites in different years.

Table 5. — Correlation coefficient (r) between H and D in different years in GX and NY.

GX
site  character  year H DBH
2009 2010 2008 2009 2010 2006
2008 0971+ 0864 0.779%+ 0790 0.787FF  04852*
H 2009 0.868%*  0.804%*  (0.826%% (818 0Q411%*
G 2010 Q49% (L7709 QRTS*¥ (.370*
2008 0.992+*  (930+ 0332
DBH 2009 0.943** 0351
2010 0.325
2006
2007
H 2008
2009
2010
Y
2006
2007
DBH
2008
2009

2007
0776+

0.748%*
0.685%*
0.622%%
0.649%=
0.658%*
0.762%*

H

2008
0.835%*

0.830%*
0.783%+
0.6053%+
0.722%+
0.762F*

0.632%*

2009
0.884%

0.8464*
0.839%=
0.770**
0.803**
0.839%*
0.405%=

2010
0.847**

0.854%=
0.894x*
0.702%%
0.735%#
0.814%%

0418%

NY

2006
(.603%F

(.606%*
(L5164
0.755%%
07454
G001+
G.713%%

2007
0.7007*

070 1%
0.689%*
0.318%*
0.828%#
0.845%*

0.532%*

DBH

20038
0.721%%

0.731+%
(L.GHY*>*
0.858**
0.872%*
087 1%

0.445%

2009
0764+

0.775%x
0.731%%
0.902++
0.893%+
0.906+*
0401*

2014
0.756%F

0774
(1.724%*%
0876
0.896%%
09154+
0.365+

0949+ 0L.847** 0 TRE**  (LTRI**  DBISF* 0.790%%  (752%% (L737+*

0.847%%  0908*%% (.724** 0R39** 0.851*% 0820+ (.815%*

0.972%%  .654%%  (0.564%*  (8I8**  (B30%*  ().892%*

(561%F  D.8147*  (0B3GFF  (L.843*%  (LRIO*

0.841%%  0803%% 0781*% 0.736%*

0.979%%  0.945%%  (.G21%*

0983%%  (068**

0593+

and GX all exceeded 0.95. At WX, the repeatability of H
and DBH changed from 0.8150 to 0.9661 and from
0.8148 to 0.9685 respectively from 2007 to 2010. At NY,
the repeatability of H and DBH in different years were
all lower than other sites, but the numerical values were
all higher than 0.7977. The repeatability of H and DBH
varied from 0.7977 to 0.9048 and 0.8232 to 0.9035
respectively from 2007 to 2010.

3.5 Age trends in stability and genetic gain

DBH of the fifth year and estimated regression coeffi-
cients bi of 30 poplar clones were shown in Table 8.
Clone P49 (b, =0.94) and P42 (b, =1.09) represented
clones of average stability as defined by FINLAY (1963).
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Clone P22 represented a clone of high stability
(b, =—-0.14). It performed relatively better on poor sites
but its overall performance was poor (DBH5 = 8.82 cm).
The unstable clone P98 (b, = 2.62) performed relatively
better on good sites.

The expected genetic gains for four sites combined
were not shown because there was no repeatability for
H and DBH due to non-significant difference among
clones. Fig. 1 presented the expected genetic gain result-
ing from different ages at each site. The genetic gain of
DBH was higher than H at the same site. The genetic
gain of DBH at FF was higher than other sites from
2007 to 2010, and the variation ranges from 23.69% to
34.63%. From 2008 to 2010, the genetic gain of DBH
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Table 6. — Correlation coefficient (r) between H and D in different years 4 sites.

Xiyang Zhao et. al.-Silvae Genetica (2013) 62/4-5, 187-195

WX F¥
site  character  year H IPBH H DBH
2007 2008 2009 2010 2007 2008 2009 2000 2007 2008 2009 2010 2007 M08 2009 2010
2008 07455 06 DIRS 07274% 0ARST 052THE 0534kt 05630 07715+ OREIST 0875 O&25EF DEI0HF 0T09%  0.739% 0756+
H 2009 073 ORI 0FT8S BT6LT5 GSINe OF7IM DSR0ME 06210 07485 0850% 0865 OEDESE  D6RSF 0720 (7584 0775%%
) 2000 0679 DISIFE QF25 OR2ITF DAGYR OSB3FF DSETHE (L6200 Q8625 DYSURT  0.963F 0063 DTFTF 0826 (84T DBAGHS
ox 2008 07077 D66ESE 0AB0T  0616%F D796 QRI9%F DEIOVE 08200 Q&73S DITIR 0764% 07765  DRTESF D008 (814 0919hx
DBH 2000 0710:¢ 07094 07295 0669%F (783 (8406t QRIS OR4TEE Q679+ 07944 0786 0.790%%  ODRSOC  N9ISER (92TE 0932+
2000 0727F 0T OTOTHE 0618+ 07354 OR06FE ORISHE 08454+ 07885+ 0RRI*=  08A2H  ORBSSH 0028+ 0074t (GRIFH  NORRHE
2006 0458% 0328 0312 0319 0283 0217 09 0203 0447¢ 0393 0378% 0324 D267 0289 0302 0303
2007 0706%% 06455 0SELF D54FE GSII 04BBTE 0450F  045FF 0713 G713 0681TF 06135 DSAETF 05057 (L6OTEF D616H*
H 2008 0700F  OFI3FF QA95F 0644%F BSI6R 0S72%F 0S56FF OSTINF 0755 DI6ESTS 0768%F 07100 D634 07067 (7167 0.715%*
009 0J08FF 0794F QTISFF 0FSITT (S44TT (LGSST DOSYRE D6R9TF 0743T GEIIFT 0796%F  0.7720F DFODTF 07727 (7905 DRDIH*
2000 0Gs6TH OT4ARE 072 DANGH 044dE QSTTEE 0500FF 0633 OF11M DROGE 0703F  ORIDET DE4ZHF 0T32e% (TS8R 0774r
e 2006 0673 04B4RE A6 D445 OABAS 06Z4RE  QSATHE 0544 0.502%+  0573m 0.5TOR 05426 D679 DETTER (L674%F D6RRFE
2007 0654 06324F 063 D6I0*F 0606 07515t 07400t 07300 07154 0739%=  0692t% 06825 DROGHY 08450 (8365 QRILHH
DEH 2008 0656%* 06475% 0658%F  D628% BIFISH 07RO 07695 07665 0678%* 0735% (6025 0692 DROF* 08575 (855%F 0.855+*
2009 06997F  0687F QFLISF 06TETE 0738F O09TF  DEOIFF (80STF 0673 DISZFT 07255 0.729%%  DRIGHF D8TST (8TATE DRE9Y*
000 068RTF  0697F  QIITF 0G0 TI0R 0J01%F 0793 08047 06425 B3R 07126 07135 DIEST 08494 (8EIT DBRIH*
Table 7. — Correlation coefficient (r) between H and D in different years in WX and FF.
WX FF
site  character  year H DBH DBH
2008 2009 2010 2007 2008 2009 2010 2007 2008 2009 2010 2007 2008 2009 2010
2007 0866%F 0.728%F  0.629%F  0724%F (758%F 0.694%F 0653*F 0600%F 0706 0.720°% 0.666"F 0651%F 0.652%% 0.670°% 0.686*F
2008 1 0.020%%  0840%*  0678%*  0.I64%* 05T 0T6TH 0.641%F  0IS5HF 0782 0.696%F  0.627F%  0.653**  0.685F  0.701%
. 2009 1 0OTI**  0575%  0711%  0769%*  0813*F 0536+  0.680% 07FI8H 06455  0.506%F  0.641%*  0.679%*% 0698+
2010 1 0489%%  D.644%F  0701%F (8135  0469%F 05024 0.633% 0556  0519%F  0.561%F  0.506%*  0.614%*
" 2007 1 0926**  0.873*F 0800  0509%* 0534%%  0506*F  0.500%%  0.J67FF  0JITH 0713 07134
2008 1 0.972%  0.935%*F  0.531%%  (.605%* 0588%¢  0.582%%  (.819%F  0.808%* 0.803%* 0.803**
pei 2009 0983 0478%* 0597+ 0.586*%  0.586%F  0.814%*  0818*F  0.822%F  0.824%*
2010 0478%%  0.609%% 06094  0.603%* 0801%* 0811%* 08235 (.829%*
2007 0928+  0R6T*+ 0830  (JO0R  0790% 0765 7625
2008 0071%% 0058+ 0825+  0830%* 0.866%* 0.870%*
. 2009 0075+ 0.JT7+*  0.824%F  0.863F .86
it 2010 0.808%*  0.862%F  (.885%F  (0.896%*
2007 0968+  0.940%% 09305+
DBH 2008 0.991%% 0,984+
2009 0,998+

Note: In table 5 to 7, ** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed).

was the lowest, varying from 21.42% to 31.43%. The
genetic gain of height at FF was higher than others
from 2007 to 2010, and the range of variation was from
18.37% to 32.70%. The genetic gain of H at NY was
lower than other sites from 2006 to 2010 and varied
from 11.01% to 26.68 %. The genetic gain increased with
tree growth because the selection difference and
repeatability increased year by year.

3.6 Age-age phenotype correlation

Correlation coefficients among all the combinations of
traits and ages were shown in table 5-7. All coefficients
were significant at each site, and the coefficients
increased with the tree growth. The correlation coeffi-
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cients between H and D varied from 0.779 to 0.875 for
GX from 2008 to 2010. But at WX and FF, the coeffi-
cients varied from 0.724 to 0.813 and 0.790 to 0.896
respectively from 2007 to 2010. The data indicated the
most times was NY form 2006 to 2010. The correlation
coefficients between H and D were varied from 0.713 to
0.890. Among different sites, the correlation coefficients
of H to H and D to D were also increased with age. It
indicated that the environment influence was less and
less significant and genetic impact was the dominating
factor. But as the age difference increased, the coeffi-
cients decreased. At NY, the correlation coefficient
between H in 2006 and H in 2010 was 0.418, and 0.778,
0.908 between H in 2007 and 2008 with H in 2010. The
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Table 8. — Stability and adaptability parameters of poplar clones in four

sites.
Average Average Average Average Average
Clone DBH b DBH in DBH in DBH in DBH in
WX GX NY
P 107 15.13 212 1648 14.89 16.18 13.31
P 106 14.78 193 16,52 12.90 15.99 13.56
P46 13.62 -0.33 14.04 13.69 12.74 14.00
P 105 13.33 1.90 14.63 13.11 13.96 11.63
P 104 12.68 077 13.54 10.82 13.79 12.56
P42 11.61 1.09 1227 12.94 11.06 1619
P83 11.57 1.25 12.89 10.68 11.98 14.74
P23 1145 1.37 12.10 11.21 12.29 16.21
P78 11.43 2.26 12.69 11.84 12.03 9.17
P49 1098 094 12.31 8.94 11.87 14.81
P50 10.79 0.51 11.08 10.82 1098 18.30
P26 10.65 181 11.88 9.64 11.82 927
P87 10.40 -0.19 10.86 9.14 10.56 11.03
P83 10.26 -0.51 10.07 10.40 9.86 16.71
P30 10.15 1.66 10.89 10.61 10.68 8.41
pog 9.74 2.62 11.29 9.94 10.531 7.20
P28 946 144 10.12 951 10.13 806
P20 940 1.69 10.66 802 10.66 8.24
P 103 909 2.28 10.38 902 10.00 6.94
P69 891 0.65 941 8.78 9.11 §.36
P53 8.84 0.73 9.06 9.19 9.11 8.02
p22 882 -0.14 B.58 9.20 8.69 8.81
P 101 8.80 1.89 9.56 9.50 940 6.76
P88 8.74 1.74 10.23 8.39 9.08 7.27
Pod &.10 0.58 8.09 847 8.46 7.39
P99 7.58 046 6.92 9.21 7.66 6.53
P76 T.10 0.35 6.72 TAT 7.63 6.58
P67 704 0.33 6.66 %.50 6.80 621
PI7 6.27 -0.41 5.11 9.14 5.13 5.67
P63 531 -0.80 423 574 541 5.86

correlation coefficient reached 0.972 especially between
H of 2009 and 2010. The correlation coefficients between
DBH also increased from the coefficients of 2006 with
2010 (0.736) to 2009 with 2010 (0.993). It all demon-
strated that as the age went up, the measurement data
were more accurate for prediction of the growth, and
will be conducive to early selection.

4. Discussion

4.1 Variation among sites

Site effects reflect the response of tree to the combined
effects of edaphic as well as local and regional climatic
conditions (PLIURA et al., 2007). Significant site effects
for growth rate had been reported previously for poplar
clones (PLIURA, et al., 2007). The large differences in H
and DBH growth in the first year may be due to the
plants under planting shock at the start. The evaluation
of vigor of aspen clones should be performed at 2 years
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after establishment in the field, then the data would be
more reliable (YU et al., 2003). In this research, the
poplar clones grew 5 years in different trials. From the
repeatability we could conclude that the effects of envi-
ronment were pimping in the last three years, so the
estimation for clone was significant.

4.2 PCV, GCV and repeatability

The extent of variability in the breeding population
was estimated by measuring different population para-
meters including phenotypic coefficient of variation
(PCV) and genotypic coefficient of variation (GCV). The
range for PCV for H and DBH in present study was in
agreement with what observed in a previous study by
PLIURA (PLIURA et al., 2007), in which PCV of H and
DBH ranged from 10.05% to 16.40% and 20.00% to
31.60% respectively for poplar hybrid clones in four tri-
als in Quebec. GCV is a more appropriate parameter
than heritability for comparison of genetic variation and

193



ability to respond to selection (HOULE, 1992). GCV was
considerably lower than respective PCV. But all GCV
estimates exceed 14.43%, which was higher than the
results of DHILLOON et al. (2012). The observed high
PCV and GCV were also showing little environment
effect on the expression of H and DBH at different sites.
Repeatability magnitude indicated the reliability with
which the genotype will be recognized by its phenotype
expression. In this research, the estimates of repeatabil-
ity for growth traits at clone mean level ranged from
0.7977 to 0.9859, which is in general agreement with
the studies of KiEN (KIEN et al., 2008) and LAMBETH
(LAMBETH et al., 1994). High repeatability estimates
indicated that the selection for these traits will be effec-
tive and less influenced by environmental -effects
(MANIEE, 2009).

4.3 Phenotypic correlations

Determining trends in age-age correlation is relatively
simple for growth and yielding traits, requiring only
patience and repeated assessment. Shortening the
breeding cycles of tree through early selection can pro-
duce more genetic gain per unit year if there is a strong
genetic correlation between early and mature traits
(Goncalves, 2005). There were many reported age-age
correlations for growth in conifers and Hevea species
(GONCALVES, 2005; MATHESON et al., 1994; GONCALVES,
1998; KiNG, 1991). In poplar, KuMARr (2000) investigated
the growth traits of 60 P. deltoides clones, and found out
that the correlation coefficients increased with age and
an early selection of poplar clones for rotation age of 6
years could be done effectively at age 4. The result pro-
vides a credible method for poplar tree early selection
(KUMAR, 2000). In this study, there was a high correla-
tion between H and DBH in the four different trials
although the site means were very different (Table 4).
The strong age-to-age correlations were also significant
for H and DBH at different sites, especially after 2007.
All coefficients appear positively significant, indicating
that the selection for poplar clones was practical and
predicting the yield was feasible.

4.4 Stability and genetic gain

It is particularly essential to include the gene X envi-
ronment interaction in the analysis of variance over loca-
tions. In this study, the site X clone interaction was high-
ly significant and each clone represented differentia
among four trials. Similar results were found in
researches of SARA (2006) and Karacic (2006). Most
breeding programs aimed at the development of widely
adapted clones. However when genotype X environment
interaction presents, material may be deployed to an
environments which it is not best suited (ZOBEL and TAL-
BERT, 1984). We found that clone P49 had average stabili-
ty, but its DBH and H were not superior to others. So
clone P49 may not be the best clone for breeding. Ratio-
nal approach to selection of suitable clones is to choose
which are not only superior in performance but also sta-
ble over a wide range of environments (YU et al., 2003).
From Table 8, clones P107, P106, P46, P105, P104 and
P42 had the best performances among the four sites.
However, P107, P109 and P105 had low stability because
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of high values of b,. Clones P107, P106, and P105 per-
formed better at FF and GX than at NY and WX.

Genetic gains increased as the age went up, probably
because the variation and repeatability among clones
increased with the tree growth. High PCV and GCV
may also cause higher genetic gain of DBH than that of
H. Furthermore, the genetic gains were not equal
among different sites. Perhaps the primary reason is
that same clones have different performance in different
environment, and ultimately significant genetic X envi-
ronment interaction presented. In tree breeding and
selection, we should better pay more attention to the
environmental act on genotype, and then can compre-
hend the phenotype more clearly.

5. Conclusion

In conclusion, genetic gains in poplar clones differed
between trees planted at different sites, which indicated
differences in the impact of environment on the poplar
genotype. Variation between clones may increase as a
consequence of growth, with high PCV and GCV affect-
ing the DBH compared to H. Further investigations are
needed to determine the role of environment for tree
breeding programs and genetic selection.
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