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Clonal population plasticity of endangered plant species Thuja koraiensis and its response
to soil factors. YIN Hang, JIN Hui*, ZHAO Ying, LIU Li-jie, QIN Li-wu, JIA Xiang, WANG
Chao, LI Bing-yan (Jilin Provincial Joint Key Laboratory of Changbai Mountain Biocoenosie and
Biodiversity , Changbaishan Academy of Sciences, Yanbian 133613, Jilin, China).

Abstract: Thuja koraiensis, an endemic tree species in the Changbai Mountain, is listed as the
China’ s national second-level protected plant species. In this study, we investigated the habitat
conditions and morphological indices of the naturally distributed 7. koraiensis population in
Changbai Mountain, to analyze its clonal population characteristics. We used grey relational anal-
ysis and path analysis to examine the relationship between population modules and soil factors
based on the module theory. The results showed that: (1) The clonal population of T. koraiensis
had strong phenotypic plasticity. The clonal population with patches distributed under dark conif-
erous forests had longer spacer length, larger aboveground expansion domain, higher ramet spac-
ing than the population in 7. koraiensis pure forest. The population modules had higher variability.
(2) The clonal growth pattern of T. koraiensis was between intensive and guerrilla type. It had
rapid clonal expansion ability and obvious patch distribution. In the pure forest community with
nutrient-poor soil, the clonal growth pattern was closer to the intensive distribution. Under the
dark coniferous forest with better soil conditions, the clonal growth pattern tended to be guerrilla
distribution. (3) The response of T. koraiensis clonal population growth to soil heterogeneity was
specific. Soil moisture was the most important factor affecting the expansion of 7. koraiensis popu-
lation. Soil pH, soil humic acid, soil available phosphorus, and soil available potassium were
important factors affecting the clonal population modules of T. koraiensis. (4) Soil nutrients
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directly affected the characteristics of clonal modules and ecological adaptation strategies. The soil

nutrients affecting each clonal module were in order of soil available phosphorus > soil available

potassium > soil organic matter > soil total nitrogen.

Key words: Thuja koraiensis; clonal population; module structure; soil; grey relation.
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Table 1 Description of the sampling plots
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Table 2 Quantitative characteristics of ramet modules of Thuja koraiensis

B b FEOE(E SYEREL EMRME PRI JEMOEER  OHOEIE Bk bBRbER mIRRFR bR SrpRRIEE
(k) (em) (em) (m*) (m?) (m) (m) (m) P 3kf(m?)  (m)
P1 max 13 5.60 7.00 4.83 2.40 3.50 1.30 8.87 247.22 6.28
min 1 0.50 0.20 0.13 0.01 0.40 0.10 0.10 0.031 0.03
mean 4.53h 2.21a 1.10c 1.19b 0.32b 1.15b 0.47¢c 1.87a 42.62a 0.80a
SE 0.792 0.363 0.27 0.32 0.11 0.21 0.06 0.367 18.578 0.13
cv 0.175 0.164 0.245 0.269 0.344 0.183 0.128 0.196 0.436 0.163
P2 max 9 6.70 6.00 2.88 2.91 1.95 2.35 8.53 228.35 7.39
min 2 0.40 0.90 0.03 0.08 0.14 0.30 0.14 0.06 0.07
mean 4.20b 3.52b 2.06b 1.39b 0.59b 1.16b 0.98b 2.07a 34.44a 0.86a
SE 0.618 0.22 0.13 0.24 0.08 0.11 0.07 0.527 14.44 0.16
cv 0.147 0.063 0.063 0.173 0.136 0.095 0.071 0.255 0.419 0.186
P3 max 8 6.70 5.20 5.50 4.56 2.50 1.90 4.50 63.65 3.50
min 1 2.60 0.90 1.17 0.07 1.10 0.90 0.22 0.16 0.03
mean 5.31a 5.13¢ 2.94a 3.38a 1.60a 1.79a 1.52a 1.16a 8.96a 0.74a
SE 0.696 0.26 0.19 0.35 0.17 0.08 0.06 0.22 3.63 0.14
cv 0.131 0.051 0.065 0.104 0.106 0.045 0.039 0.190 0.405 0.189
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Fig.1 Frequency of spacer length of clonal ramet of Thuja koraiensis
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Table 3 Ramet density, ramet strength and body repellent
effect of cloned plants

B SRR kiR B PR30 v {1
Pl 1.486 4.533 0.914
P2 0.320 4.200 0.782
P3 1.615 5.310 0.671
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Table 4 Mass fraction of soil indicator

R ST e
Pl P2 P3

pHOKE) 5.39+0.03 a 4.55£0.01 b 4.27£0.04 ¢
FIEEKE (%) 2.52+0.74 a 1.0120.00 a 1.00£0.06 a
B (g-kg™')  305.89£19.59 a  309.15£6.22a  243.71+22.97 a
2H (mg - kg™ 1.86+0.16 a 2.12£0.06 a 1.34£0.44 a
R (mg - kg™')  21.233.78 a 25.30+1.94 a 19.29+1.64 a
M (mg - kg™))  169.8%8.7 a 157.1230.1 a 141.1225.4 a
MR (g - kg™") 6.02+0.49 a 5.56+0.14 a 4.20£1.66 a
R (g - kg") 44.73+4.82 a 33.40£2.65ab  24.57+1.47 b

[R1% B0 P<0.05 225 B E M,
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Table 5 Gray correlation analysis among the modules of
clonal population factors and soil factors

K+ Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8

X1 0.465 0.362 0.421 0.365 0.356 0.377 0.408 0.286
X2 0.466 0.400 0.350 0.433 0.385 0.326 0.440 0.299
X3 0.461 0.415 0.419 0.462 0.335 0.346 0.415 0.324
X4 0.564 0.379 0.361 0.430 0.366 0.370 0.394 0.253
X5 0.438 0.370 0.355 0.426 0.369 0.352 0.430 0.311
X6 0.411 0.344 0.454 0.335 0.327 0.386 0.380 0.301
X7 0.448 0.416 0.358 0.426 0.337 0.308 0.393 0.271
X8 0.585 0.453 0.350 0.420 0.355 0.397 0.444 0.289
X9 0.599 0.423 0.406 0.418 0.354 0.404 0.417 0.281
TP R T - JERR RS X1 Ay BRHLFE X2 SRRl X3 bRk
i X4 ERRBRES XS S BRREES X6 B T X7 M 13350 X8 4 bk
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SO A A KON A SRR A 3
FEATBUR 5 FERR AR 7= A 4 3o i e K Y B B Tk
W R e R M) IE R 0, R ) e 7, H3E
SO 5 A0 AR B) SR O, 5 HARAS R H 1E ARG

2 SR R A I B 3 MR AR
N < a1 TR STERR AL > /0 b B sk, =
5 AR A [R50 AR R R AT, BOR R
P /1N

Z ISR E P R I B8 3 DR AR K
YN < [RIBE T K >Rk B3 ik el > 20 bR A . 18] B
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Table 6 Path analysis of the modules of clonal population factors and soil nutrients

THE M EERER CIEESEAES &t

o Hy R —X1 —X2 —X3 —X4 —X5 —X6 —X7 —X8 —X9 At

AHUR X1 -3.932 3719 -1.129 -1.510  0.831 2244 3.695 -2.937 -1.242 3.672  -0.261
X2 4213 -3.471 -1.062 -1.492  0.887 1913 4449  -4.139 -1331 -4.246  -0.033
X3 -1.327 -3.347  3.374 -1.388  0.856 1.672 2583  -2.540 -0.116  1.094  -0.233
X4 -1.738 -3.418  3.619  -1.060 0.749 1.931 3452 2787 -1.118  1.369  -0.369
X5 0971 -3.366 3.849 -1.170 -1.339 1.650  3.869  -3.558 -1.018 -1.082  -0.111
X6 2345 -3.762 3437 -0.946 -1.431  0.683 3482 -2.603 -1.453 -2.593  -0.247
X7 5073 -2.864 3.695 -0.676 -1.182  0.741 1.610 -4.173  -2.127 -4.976 0.097
X8 -4.907 -2.353 3.554 -0.687 -0.987  0.704 1.244 4314 -0.735  5.054 0.147
X9 -3.176 -1.538 1766 -0.049 -0.611  0.311 1.073 3398 -1.135 3.215 0.039

BB X1 -8.424 3.246 -2.268  0.085  3.547 5327  3.797  -3.443 -1.760  8.531 0.108
X2 3.677 -7.436 -2.134  0.084 3.785  4.541 4572 -4.853 -1.886 -3.325 0.352
X3 2665 -7.170  2.945 0.078  3.653 3.970  2.654 -2.978 -0.165  2.987 0.322
X4 0.098 -7.321  3.158  -2.129 3.194  4.585 3.547  -3.267 -1.583  0.184 0.282
X5 4144 -7209 3359 -2349  0.075 3.916  3.975 4171 -1.442 -3.845 0.299
X6 5568 -8.059 2999  -1.900  0.081  2.915 3.578  -3.051 -2.058 -5.497 0.071
X7 5212 -6.136 3225 -1.357  0.067 3.160  3.822 -4.892  -3.013 -5.124 0.088
X8 -5.753 -5.041  3.102 -1.379  0.056  3.004 2953  4.432 -1.041  6.086 0.333
X9 -4.499 -3.294 1541 -0.098  0.034 1328 2547 3491  -1.331 4219  -0.281

WM X1 8.161 -0.144 1.188  -0.279 -3.397 -5.631 -6.407 4.300 1.959 -8.409  -0.248
X2 -0.163  7.204 1.118 -0.275 -3.625 -4.800 -7.714 6.061 2.100  0.067  —0.095
X3 1.396  6.946 -0.130 -0.256 -3.498 -4.197 -4.478 3720 0.184 -1.710  -0.314
X4  -0.320  7.093 -0.140 1.115 -3.059 -4.846 -5.985 4.080 1763 0.022  -0.299
X5 -3.969  6.984 —-0.149 1231  -0.247 -4.139  -6.708 5.210 1.605  3.787  -0.182
X6 -5.885  7.808 -0.133 0.996 -0.264 -2.791 -6.037 3.811 2292 5.681  -0.204
X7 -8.796 5944 -0.143 0.711 -0.218 -3.027 -4.039 6.110  3.355  8.694  -0.102
X8  7.186  4.883 -0.137 0.723 -0.182 -2.877 -3.121 -7.479 1.159  -7.032 0.154
X9 5010  3.192 -0.068 0.051 -0.113 -1.272 -2.692 -5.891 1.662 -5.131  -0.121

e X1 -1.075 -1.663 1.497  0.644 -0.671 0.790  -1.864 1536  0.521  0.789  -0.286
X2 -1.884 -0.949 1.408  0.637 -0.717  0.674 -2.245 2.165  0.558  1.531  -0.353
X3 1759  -0.915 -1.509 0.592  -0.691 0.589  -1.303 1329 0.049 -1.860  -0.102
X4 0741 -0.935 -1.618 1.405 -0.605  0.680 -1.742 1.457  0.469 -0.888  —0.147
X5 -0.784 -0.920 -1.721 1.550  0.571 0.581 -1.952 1.861 0.427  0.397  -0.388
X6 0.826 -1.029 -1.537 1254 0.610 -0.552 -1.757 1.361 0.609 -1.039  -0.213
X7 -2.559 -0.783 -1.653 0.895  0.504 -0.598  0.567 2182 0.892  2.007  -0.552
X8 2567 -0.643 -1.589 0.910  0.421 -0.569  0.438 -2.176 0.308 -2.900  -0.333
X9 1332  -0421 -0.790 0.064 0261 -0.251 0378 -1.714 0.594 -1.879  -0.547

TS FR AT SRR X1 ARk X2 JERRENR X3 MR X4 JERMR S X5 0 pbk s X6 IBE 1 X7 M b9 sk ek X8 43 kk a) B
X9,

KT RERBAMRETRE

Table 7 Determination and residual coefficients

F4y X1 X2 X3 X4 X5 X6 X7 X8 X9 ZAUGE R
AL -0.261 -0.033  -0.233  -0369  -0.111 -0.247 0.097 0.147 0.039 0.794 0.453
TR 0.108 0.352 0.322 0.282 0.299 0.071 0.088 0.333  -0.281 0.999 0.003
A -0.248  -0.095  -0.314  -0299  -0.182  -0.204 -0.102 0.154  -0.120 0.968 0.179
A -0.286  -0.353  -0.102  -0.147  -0.388  -0.213 -0.552  -0.334  -0.547 0.642 0.598

P B EFRIT FEMRIAE X1 bRk X2 JERRSE IR X3 - BOmiE X4 JERRR S X5 20 bRk e X6 TRIIR 74 X7 b 4 5Kka X8 | J3 bkl HE
X9,

R 52 - AR B B R MR 2 R 255 P g R B B R 0.794.0.999.0. 968
FIRERG PEESA0 H A HUBT A S 4 0.642, &/ MRAG 1 32 -3 4352 w9 HE P oy 13k
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