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Abstract; Taking wild Glypiosirobus pensilis ( Staunton ex D. Don) K. Koch from Qintang of Guigang,
Cangwu of Wuzhou, Binyang of Nanning, Yanshan of Guilin, and Pingle of Guilin in Guangxi as research
objects, the phenotypic traits of cones, seeds, and leaves of G. pensilis from five distribution areas were
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analyzed by using the methods of variance analysis, correlation analysis, principal component analysis,
comprehensive evaluation, cluster analysis, etc. The results show that the cone length, cone width, fresh
mass per cone, seed yield per cone, seed width, seed thickness, seed wing width, seed size, 1 000-
grain mass of seeds, and leaf shape index of G. pensilis from Binyang of Nanning are the largest; the cone
length, cone width, fresh mass per cone, seed number per cone, cone shape index, seed yield per cone,
seed length, seed width, seed thickness, seed wing length, seed wing width, seed shape index, seed
size, and seed wing length-width ratio of G. pensilis from Yanshan of Guilin are the smallest, while the
leaf length, leaf width, and leaf area of G. pensilis from this distribution area are the largest. The variance
analysis result shows that the differences in phenotypic traits of cones, seeds, and leaves among
distribution areas reach an extremely significant level (p<0.01). The coefficients of variation among
distribution areas of test phenotypic traits are 7.43% —69.03%, in which, the mean of coefficient of
variation among distribution areas of phenotypic traits of leaves is the largest (38.20%). There are
significant (p<0.05) or extremely significant correlations between most phenotypic traits, in which, the
cone length, fresh mass per cone, seed length, seed wing length, seed wing width, seed size, and leaf
width show significant or extremely significant correlations with other phenotypic traits, so these
phenotypic traits can be used as important indexes for screening excellent germplasm resources of G.
pensilis. In general, the phenotypic traits of cones and seeds show significant or extremely significant
negative correlations with longitude, latitude, altitude, mean annual precipitation, and mean annual air
relative humidity, and show extremely significant positive correlations with mean annual temperature ;
while the phenotypic traits of leaves show extremely significant positive correlations with longitude,
latitude, altitude, mean annual precipitation, and mean annual air relative humidity, and show extremely
significant negative correlations with mean annual temperature. The principal component analysis result
shows that the cumulative contribution rate of the first three principal components is 95.890% , indicating
that the three principal components can reflect most information of the phenotype traits of G. pensilis. From
the view of comprehensive score of phenotypic traits of G. pensilis from different distribution areas,
Binyang of Nanning has the highest score (1.854), followed by Qintang of Guigang ( 1.187), while
Yanshan of Guilin has the lowest score ( —3.128). The cluster analysis result shows that Qintang of
Guigang, Cangwu of Wuzhou, and Binyang of Nanning are clustered into one group, Yanshan of Guilin
and Pingle of Guilin are in separate groups. Taken together, the phenotypic diversity of wild G. pensilis
from five distribution areas in Guangxi are relatively abundant, especially leaf phenotypic traits; in
comparison, the phenotypic traits of G. pensilis from Binyang of Nanning and Qintang of Guigang are
better, both of them can be used as the materials for screening excellent individuals and breeding
improved varieties of G. pensilis in Guangxi. Longitude, latitude, altitude, mean annual temperature,
mean annual precipitaiton, and mean annual air relative humidity are the important geographical-climatic
factors for affecting the variation of phenotypic traits of G. pensilis in Guangxi.

Key words: Glypiostrobus pensilis ( Staunton ex D. Don) K. Koch; phenotypic diversity; correlation
analysis; geographical-climatic factor
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Table 1 Geographical-climatic factors of five distribution areas of Glyptostrobus pensilis ( Staunton ex D. Don) K. Koch in Guangxi

AR/ °C HRE& K & DEagey ORiTAES
L . . . Mean annual Mean annual Mean annual
Distribution area Longitude Latitude Altitude - . . .
temperature precipitation air relative humidity

TSR IE Qintang of Guigang E109°24’ N23°06' 61.1 22.1 1529.5 75.8
FEMNEHE Cangwu of Wuzhou E110°58’ N23°29' 26.1 21.9 1 444.1 78.5
4 T 22 BH Binyang of Nanning E108°42’ N23°12' 119.1 21.6 1551.9 77.8
FEMMELL Yanshan of Guilin E110°19’ N25°02' 132.8 19.4 1 905.6 79.0
HEMROP 2R Pingle of Guilin E110°42/ N24°51" 202.8 20.4 1 468.3 772
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Table 2 Comparison on phenotypic traits of Glyptostrobus pensilis ( Staunton ex D. Don) K. Koch from five distribution areas in Guangxi

(X+SD)V

I

Distribution area

FK/mm
Cone length

5/ mm
Cone width

R BT g

Fresh mass per cone

FRRFRIEL

Seed number per cone

B Z e

Cone shape index

B Qintang of Guigang
B Cangwu of Wuzhou
B4 T £ fH Binyang of Nanning
FEMIFELL Yanshan of Guilin
HEMAE SR Pingle of Guilin
I Mean

CV/%

F{H F value

19.90+2.10AB( 10.55% )
18.95+1.30B( 6.85% )
20.77+1.78A(8.59% )
14.94:0.50C(3.33% )
18.98+1.39B(7.30% )

18.71+2.50(7.32%)
13.37
65.543 s

12.15+1.42B( 11.68%)
11.870.84B(7.09%)
12.98+1.13A(8.73%)
10.26+1.17C(11.37%)
11.68+0.84B(7.19% )

11.79+1.40(9.21%)
11.91
24.179 %%

1.157+0.067B(5.77%)
0.736+0.039D(5.25%)
1.254:0.073A(5.82%)
0.604=0.042E(6.97% )
1.048+0.096C(9.21%)

0.960+0.258(6.60% )

26.94
520.320 s

7.4:+1.0B(13.56%)
7.1£0.9B( 12.06% )
7.7+1.1B(13.71%)
6.5+0.9C( 13.30% )
9.3+1.3A(10.58%)

7.6+1.3(12.64%)

17.47
35.591 sk

1.64+0.09A(5.78%)
1.60+0.10A (6.06% )
1.60+0.08A(5.24%)
1.47+0.17B(11.48% )
1.63+0.08A(5.09%)

1.59+0.12(6.73%)

7.82
10.907 s
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%% 2 Table 2 ( Continued)
At HRAT R/ % AT /mm il 9 /mm 7=/ mm i K /mm

Distribution area

Seed yield per cone

Seed length

Seed width

Seed thickness

Seed wing length

BUHEFHHE Qintang of Guigang
FEMAEHE Cangwu of Wuzhou
B4 T2 fH Binyang of Nanning
HEAKMELL Yanshan of Guilin
FEMROE- 4R Pingle of Guilin

4.5:0.5C(11.14%)
6.0+0.5B(8.81%)
7.1£1.0A(13.47%)
3.540.2E(6.62%)
4.0£0.6D(14.76%)

11.60+0.64A(5.55%)
10.67+0.51C(4.74%)
11.23£0.52B(4.67%)
7.54+0.21F(2.77%)
9.55:£0.44D(4.59% )

2.54+0.22C(8.66%)
2.69+0.12B(4.45%)
2.84+0.22A(7.82%)
2.18+0.04F( 1.94%)
2.38+0.11D(4.82%)

1.28+0.06C(4.36% )
1.35+0.08B(6.21%)
1.43+0.06A(4.08%)
1.18+0.03D(2.21%)
1.330.03B(2.06% )

7.12+0.96A ( 13.42%)
6.95+0.47A(6.74%)
6.99+0.87A(12.5%)
3.25+0.40B(12.43%)
6.69+0.50A(7.53%)

¥I{H Mean 5.0+1.5(10.96% ) 10.12+1.54(4.47%) 2.53+0.28(5.54%) 1.31£0.1(3.78%) 6.20+1.63(10.52% )
CV/% 29.27 15.26 11.12 7.43 26.33
F A F value 181.119 % 339.584 s 79.526 sk 82.659 178.153 #

: e - M B 1
it i 5 mm A R AR i’ o emie
Distribution area Seed wing width Seed shape index Seed width-thickness ratio Seed size - 8 ‘ong

width ratio

T Qintang of Guigang
FEMAEHE Cangwu of Wuzhou
B4 T 2 PH Binyang of Nanning
HEMRELL Yanshan of Guilin
HEBROF-4R Pingle of Guilin

2.58+0.25C(9.53%)
2.62+0.20BC(7.66% )
3.11+0.26A(8.45%)
2.15+0.14D( 6.44%)
2.76+0.26B(9.28%)

4.60+0.43A(9.34% )
3.97+0.29B(7.23%)
3.97+0.28B(7.16%)
3.47£0.11C(3.23%)
4.01£0.16B(3.91%)

1.99:60.21A(10.62% )
2.00=0.17A(8.38%)
1.99:+0.17A(8.44%)
1.84+0.06B(3.14%)
1.79+0.08B (4.44% )

37.57+4.08B(10.87%)
38.78+2.98B(7.69%)
45.62:4.94A(10.82%)
19.44+0.78D(3.99% )
30.40+2.87C(9.45%)

2.78+0.40A ( 14.25%)
2.670.26A(9.71%)

2.26+0.33B(14.63%)
1.51£0.21C(13.79%)
2.44x0.25B(10.11%)

HI{E Mean 2.64+0.38(8.27%) 4.00+0.45(6.17%) 1.92+0.17(7.00% ) 34.36+9.54(8.56% ) 2.33+0.53(12.50% )
CV/% 14.45 11.31 8.98 27.76 2291

FAH F value 70.585 s 63.021 = 13.874 s 252.016 == 85.178 =

i) AR g I /mm 58 /mm USIZiEA i AL em?
Distribution area 1 000-grain mass of seeds Leaf length Leaf width Leaf shape index Leaf area

PUHEF I Qintang of Guigang
FEMEHE Cangwu of Wuzhou
T2/ Binyang of Nanning
HEAKMELL Yanshan of Guilin
FEMF SR Pingle of Guilin
I Mean

CV/%

F{H F value

0.842:£0.014B( 1.63%)
0.726+0.028C(3.82%)
1.21620.041A(3.41%)
0.457+0.018D(3.97%)
0.484£0.019D( 3.86% )

0.745+0.281(3.34%)
37.74
1 139.728 ==

48.05+4.06C(8.45%)
46.21+3.98C(8.62%)
58.56+3.24B(5.54%)
85.27+7.53A(8.84%)
38.18+2.40D(6.28%)

55.25+17.02(7.54%)
30.81
475.870 s

4.10£0.17B(4.22%)
3.99:0.21B(5.35%)
3.54+0.19C(5.50%)
7.46+0.80A (10.72% )
3.60=0.15C(4.13% )

4.54+1.53(5.98% )
33.72
526.808 s

11.73+0.90B(7.70%)
11.60+0.97B(8.38%)
16.56+1.03A(6.23%)

11.57£1.71B(14.82%)

10.60+0.68C.(6.38%)

12.41+2.39(8.70% )
19.25
134.53 s

10.14x1.10B( 10.85%)
9.49:1.12B(11.78%)

10.68=0.98B(9.15% )

32.66+4.35A(13.31%)
7.08=0.60C(8.44% )

14.01+9.67(10.71%)
69.03
731.598 =

D )51 Hp R i) R SRR RN TE 0.01 K22 53 13 Different uppercases in the same column indicate the significant differences at 0.01 level. 55 N &
SrECR 43 A 1L DY R A8 5 R B0 The percentages in parentheses are the coefficients of variation within distribution area. CV: 43 i Hb [B] it 48 5 2 %4

Coefficient of variation among distribution areas. *#* ; p<0.01.
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Table 3 Analysis on correlations between phenotypic traits of Glyptostrobus pensilis ( Staunton ex D. Don) K. Koch in Guangxi')

FRIAR RIUPEIRTEAIFI R EL  Correlation coefficient between phenotypic traits

Phenotypic
trait l, b, m, n, I, Y, I, b, d, Lo,
L, 1.000
b, 0.829 ** 1.000
m, 0.714 == 0.594 = 1.000
n, 0.392 == 0.301 = 0.392 3% 1.000
I, 0.441 == -0.132 0.313 = 0.214 = 1.000
Y. 0.502 ** 0.466 * * 0.351 =3 0.005 0.150 1.000
I 0.815 *=* 0.676 = * 0.702 ** 0.195 * 0.361 *=* 0.597 == 1.000
b, 0.733 = 0.6601 == 0.492 = 0.101 0.248 == 0.717 #= 0.717 = 1.000
d, 0.567 #*#* 0.512 % 0.515 ** 0.211 3 0.187 * 0.669 3 0.530 ** 0.603 * = 1.000
Loy 0.674 0.479 0.633 % 0.316 0.427 #*#* 0.512 s 0.805 0.570 #** 0.593 1.000
by, 0.567 ** 0.502 = 0.651 ** 0.359 ** 0.207 * 0.535 == 0.571 ** 0.600 * * 0.648 = * 0.609 **
I 0.427 s 0.296 == 0.526 = 0.185 = 0.276 = 0.145 0.711 = 0.025 0.179 = 0.594 =
R, 0.451 % 0.394 = 0.189 = -0.045 0.173 = 0.339 =% 0.469 0.744 =%  -0.080 0.240 #*
S, 0.827 0.731 s 0.661 0.164 =* 0.299 0.765 0.893 0.916 ** 0.757 =% 0.733 %
R, 0.518 = 0.315 #3* 0.417 =% 0.185 =* 0.409 0.317 = 0.679 =% 0.368 0.371 = 0.878 =%
m 0.567 = 0.555 = 0.513 = 0.001 0.128 0.568 0.673 = 0.674 = 0.443 = 0.463 =
A -0.566 #*  —0.337 %% —-0.478 *x  —0.522 %% -0.462 ** —0.205 * -0.603 #* —0.344 %% —0.474 %% —0.783 *x*
b, -0.728 *%  —=0.538 ** —0.694 %%  —0.455 ** -0.424 %% -0.526 %% —0.766 #* —0.602 ** —0.702 ** —0.860 **
I 0.351 == 0.418 = 0.460 ==  —0.094 -0.047 0.665 == 0.353 = 0.548 == 0.475 == 0.174 =
A, -0.699 %  -0.486 ** —0.636 **  —0.481 **x -0.457 **% —0.433 % —0.752 %% —0.538 *x —0.635 %% —0.868 **

FAMER FARVERIT YA SE R EL  Correlation coefficient between phenotypic traits

Phenotypic
trait by, I R, S, R, my L by L A
by, 1.000
I, 0.230 == 1.000
R, 0.210 **  —0.095 1.000
S, 0.682 ** 0.364 = 0.517 # 1.000
R,, 0.165 * 0.613 = 0.177 * 0.525 s 1.000
m, 0.465 ** 0.295 0.467 ** 0.730 ** 0.315 *=* 1.000
A -0.449 %  -0.538 #* —0.062 -0.492 #%  -0.727 ** —0.180 * 1.000
b, -0.668 ** —=0.519 ** —0.184 * -0.755 **  =0.695 **% —0.448 ** 0.841 ** 1.000
I 0.472 == -0.034 0.268 0.557 #*  -0.058 0.563 = 0.246 #*  —0.296 #* 1.000
A -0.603 #% —0.560 % —0.164 * —-0.696 #% —0.742 %%  —0.377 #* 0.937 # 0.973 %  -0.093 1.000

D1, . K Cone length; b, : S5 Cone widthy m, . BAISFAE i Fresh mass per cone; n,: HAFRIEL Seed number per cone; I : RILFEEL Cone
shape index; Y, : HLIRHFFR Seed yield per cone; [, : FiF K Seed length; b_: Fi-F5E Seed width; d,: FFJE Seed thickness; 1, : Fi#4& Seed

wing length; b

swW

;. FH P Seed wing width; L. FhIEFE %L Seed shape index; R_: FhF e JEE e Seed width-thickness ratio; S.: T K/ Seed size;

R,,: 8K 5 1 Seed wing length-width ratio; m_: TR a1 000-grain mass of seeds; [;: K Leaf length; b, : 9% Leaf width; I ; Ui &1
# Leaf shape index; A,: MTEFH Leaf area. * : p<0.05; *# ; p<0.01.

R4 JTREKBREMRESHHME-SIEEFEEEXEI T

Table 4 Analysis on correlation between phenotypic traits of Glyptostrobus pensilis ( Staunton ex D. Don) K. Koch in Guangxi and geographical-

climatic factors of distribution areas

5 4 S A B A DG R Y

Correlation coefficient with geographical-climatic factors'

)

TR N o N
REUER i . . AR I AR DR
Phenotypic trait Z s %73 .

. . . Mean annual Mean annual Mean annual air
Longitude Latitude Altitude - . -
temperature precipitation relative humidity
B4 Cone length -0.461 = —0.384 s —0.443 0.675 #* —0.674 = -0.498
R9E Cone width -0.399 -0.313 #:x -0.291 =3 0.516 % —0.469 # -0.315 #:
LG R Fresh mass per cone =0.769 = =0.279 -0.145 0.536 =3 —0.526 #* =0.720 =3
BA KR EL Seed number per cone —0.437 #* —0.456 *x* —0.375 ** 0.035 —0.438 s —0.311 #x*
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£i3R4 Table 4 ( Continued)

3 - S AR P T ADC R

Correlation coefficient with geographical-climatic factors

1)

ATY 5 = 73 Y

ap o oam o wmEER P e o e
Longitude Latitude Altitude temperature precipitation relative humidity

I AEEL Cone shape index -0.178 = -0.180 = =0.319 == 0.373 = —0.444 = =0.377 ®x
B AL AR Seed yield per cone =0.391 *3x* =0.500 = —0.359 3 0.608 = —0.436 *3* 0.063
¥ Seed length —0.290 = -0.207 = —0.455 s 0.919 = —0.742 =% —0.621 s
T 5% Seed width —0.340 == —0.423 —0.424 == 0.693 == —0.554 = -0.154
FhFJE Seed thickness —0.550 = —0.681 = —0.535 ®x* 0.513 = —-0.623 *3* -0.122
K Seed wing length —0.345 s —0.446 s —0.670 s 0.790 s —0.871 s -0.570 #3
AP FE Seed wing width —-0.663 -0.599 = —0.399 0.462 # -0.563 —-0.260
FIEFEEL Seed shape index -0.091 0.103 —0.248 *x 0.633 = =0.531 = =0.742 =
FFFEIE . Seed width-thickness ratio 0.044 0.038 -0.105 0.458 s -0.196 = -0.110
FIF R/ Seed size —0.432 s —0.432 s —0.478 s 0.831 s -0.690 -0.356
T 55 L Seed wing length-width ratio -0.034 -0.202 = -0.614 0.730 % —0.772 #%* ~0.573 #%
P TR 1 000-grain mass of seeds —0.288 ** -0.087 -0.111 0.657 #x* —0.343 *=* -0.304 *=*
4 Leaf length 0.222 # 0.502 #* 0.820 # -0.596 =3 0.928 #* 0.576
%8 Leaf width 0.500 = 0.621 =3 0.738 = =0.726 0.923 =% 0.537 =
HFIEFE %X Leaf shape index —0.585 #x* =0.272 =% 0.139 0.281 = -0.022 0.066
T FH Leaf area 0.391 =*= 0.575 =% 0.792 == —0.728 0.960 ** 0.580 =

) % p<0.05; #% . p<0.01.
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(F5)FW A1 3 T

SRR T 1, Rt

%H‘ﬂéﬂl %%?E%ﬂ(ﬂl MR
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Table 5 Principal component analysis on phenotypic traits of Glyptostrobus pensilis ( Staunton ex D. Don) K. Koch in Guangxi
F o FHRPIR AFAE D Eigenvector of phenotypic traits!
Principal
component L. b, m, n, L ¢ L b, d, L, by, I
1 0.48 0.38 0.38 0.33 0.56 0.06 0.31 0.18 0.39 0.54 0.42 0.26
2 -0.02 0.14 -0.41 -0.90 -0.54 0.10 0.03 0.18 0.19 -0.23 0.14 -0.27
3 -0.04 -0.09 0.01 -1.27 0.12 -0.03 0.30 0.01 -0.47 0.11 -0.60 0.52
F S FERIPEAR P ARAE ) = D Eigenvector of phenotypic traits') B TR/ % Bit ik %
Principal F"j i Contribution ~ Cumulative
component R, S, R,, mg I b, I A, sgenvalue rate contribution rate
1 -0.08 0.28 0.41 0.02 0.53 0.60 -0.05 0.60 13.775 68.874 68.874
2 -0.14 0.17 -0.38 0.03 -0.80 -0.28 -0.17 -0.46 3.779 18.893 87.767
3 -0.23 0.05 0.52 0.00 -0.06 -0.27 0.09 -0.13 1.625 8.123 95.890
D1 . K Cone length; b, : H:5E Cone width; m, . W56 TR Fresh mass per cone; n,: WSFFRIEL Seed number per cone; T,: HIEFEEL Cone
shape index; Y, : FRHLHFFE Seed yield per cone; I : FiF1K Seed length; b, Iql%/h Seed width; d,: FiFJE Seed thic kness, ot ML Seed

wing length; b, : Y Seed wing width; I :

*"I")T/TEI’R‘:& Seed shape index; R s P IEIE L Seed w1dth thickness ratio; S_ .

ﬂ'%j“/]\ Seed size;

R,,: ﬁﬂﬁﬁth Seed wing length-width ratio; m, : ATk & 1 000- grain mass of seeds; /) MK Leaf length; b, : ”‘I'JL, Leaf width; I, : U‘H'B?E‘

# Leaf shape index; A, : MY Leaf area.
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Table 6 Comprehensive evaluation of phenotypic traits of
Glyptostrobus pensilis ( Staunton ex D. Don) K. Koch from different
distribution areas in Guangxi

TE# E W13 43" .
43 Score in each pr]i)ncipal . %{%L{Fﬁ ,
Distribution area component omprehensive

score

F1 F2 F3

THEELYE Qintang of Guigang  1.751 -1.022 2.138 1.187
FEMAERE Cangwu of Wuzhou -0.011  1.246 0.864 0.298
M T 7 Binyang of Nanning  2.680 0.594 —1.274 1.854
FEMMELL Yanshan of Guilin - —4.549  0.053 -0.065  -3.128
FEMF- 4K Pingle of Guilin 0.128 -0.870 -1.663  -0.211

DF1,F2,F3; 43R5 1 55 2 M 3 32845 Represent the first,

second, and third principal components, respectively.

JE LRI (= 3. 128 ), U B R 77 5 BH 19 7K s 2 28 Mk

AR e, WA A L1 A K A e UM R AR X e 22

2.5 TTARESHKRHORERS
FEFRRECIE B X7 5 A4~ A oK A it A7 3R 2k

SR EER (B 1) B AE R R HE B 8.8 Ak, 5 A~ Ah

ks o hy 3 4, For S EEIE RN AS AR AR T = FH

41 FEMORE L RO SR 43 50l Bk Sy — 4

SR Qintang of Guigang

FEM & Cangwu of Wuzhou :|
747 fH Binyang of Nanning
B L Yanshan of Guilin
FEMAF- 4R Pingle of Guilin

L 1 : 1 1 1 ]
0 5 10 15 20 25
FRECHEES  Euclidean distance

E1 JEARES KR ELES R
Fig. 1 Cluster analysis on Glyptostrobus pensilis ( Staunton ex D.
Don) K. Koch from different distribution areas in Guangxi
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