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Abstract ; Our objectives were to investigate phenotypic variations of cone and seed of Pinus tabuli formis in
natural populations and to describe the relationship between morphological variations and geographic and
climatic variables. Our field investigation of P. tabuli formis included four cone characters,four seed charac-
ters and four seed wing characters with 148 trees from 12 populations covering its entire natural distribu-
tional regions. We examined morphological diversity among/within populations based on the 12 life history
traits. Variance analysis,correlation analysis, principal component analysis were used to analyze experimen-
tal results. Our results showed that each morphological character presented a large variation both within
and among populations. Moreover, analysis of the coefficient of variation were higher in QS, HZ and ZJ
(CV>20%). Furthermore,the cone dry weight (CDW) and cone length(CL) showed larger CV than that
of other morphological traits. The wing traits were the lowest among all traits. Although the mean propor-
tion of phenotypic variations of all measured traits was about 38. 97 % among populations of this species, it

was much higher than those of other conifers, which further suggested that this species held the higher a-
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daptive phenotypic variations or stress-tolerance ability under varying environmental conditions. According

to the correlations between morphological traits and climatic factors, the significant negative correlations

between potential evapotranspiration(PET) and most of morphological traits were detected. This study in-

dicates that our research will provide important information for the reforestation and genetic conservation

for this species in the changing climate.

Key words: environmental heterogeneity; morphological traits; phenotypic diversity; Pinus tabuli formis ; po-

tential evapotranspiration;precipitation;temperature
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Table 1 The main geographical and climatic conditions of the 12 sampling sites in China
%5 JE BT FER TR IEE7311 13 Z R AR 2L R W KR
No. Population code Site name No. of trees Latitude/N Longitude/E Altitude/m  MAT/C MAR/mm  PET/mm
Y7
1 :FUJJIT N QS 12 41.02° 123.12° 450 7.0 723.84 948
Qianshan, Liaoning
2 EE”KHJIT . CY 17 11.04° 120.02° 125 7.4 482.63 1041.87
Chaoyang, Liaoning
% 2L o . R -
3 Wulingshan., Hebei WLS 14 40. 65 117.37 550 6.3 536. 08 1 008.78
AN
4 /J\.ﬁnﬂ.ll-{ﬁut . XWTS 13 40.00° 115.01° 1370 1.8 530.77 870,74
Xiaowutaishan, Hebei
FLA g . . .
5 Wutaishan, Shanxi WTS 13 39.15 113.62 1730 3.0 566.8 896.51
3 P
6 @k WS . BT 10 40.78° 110.03° 1510 4.4 307. 44 1009.93
Baotou, Inner mongolia
"
7 E%.%?H"wm . 7] 12 32.06° 106.01° 1 400 12.2 840.98 843.82
Zengjiazhen, Sichuan
8 357K~H}?H TS 11 34,33° 106.01° 1350 8.6 594,47 847.45
Tianshui, Gansu
ot oz o
9 T‘#‘m'TE. . HLS 14 38.50° 106.47° 2018 8.9 133.33 1 068. 25
Helanshan, Ningxia
10 ﬁ%ﬁﬁ,ﬂ DB 10 33.32° 108. 32° 2 147 3.8 601. 48 836.4
Diebu, Gansu
By o B - -
11 Huzhu, Qinghai HZ 12 36.95 102. 45 2 468 0.5 407.03 834. 38
” Yoy
12 YA L 7 1 KBL 10 36.01° 101.72° 2 581 8.8 312.76 906. 68

Kanbula, Qinghai
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Fig. 1 The differentiation cofficient of phenotypic traits
estimated from the nest ANOVA model expressed
as percentage of total variance

CL. Cone length; CW. Cone width; CLW. Cone length-width ratio;
CDW. Cone dry weight; SWL. Seed wing length; SWW. Seed wing
width; SWLW. Seed wing length-width ratio; SWTW. Seed wing
total weight;SL. Seed length; SW. Seed width; SLW. Seed length-

width ratio; STW. Seed total weight. The same as below
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Table 2 Coefficients of variations (CV %) for cone,seed and wing characters among and within 12 populations

gk JEBEN Within population |

Trait Among

QS CY WLS  XWTS WTS BT 7] TS HLS DB HZ KBL  F-¥{§ Mean population

HAEK CL 17.33 10.76 12.92 11.50 14.21 13.28 15.52 8.45 20.23  12.37 13.73  10.89 13.43 11.94
B CW 18.39 12.14 13.22 13.74 6.91 15.51 17.12 8.53 16.54 15.20 11.45 10.88 13.30 16. 36
HARK T CLW 10. 34 9.90 10.46 14.63 13.02 13.48 15.21 7.35 17.08  13.19  10.33 11.49 12.21 17. 84
HRETE CDW 43,14 31.19  33.61  21.97 19.34 31.71 34.42 25.86 43.96  21.98 31.12  23.19 30.12 30. 67
i SWL 20.58 22,44 13.43 11.41 10.69  15.87 15.40 10.66 12.74  14.23  69.22 11.70 19.03 11.74
5 SWW 16.25 15.28 13.55 10.58 10.42 13.87 13.26 11.30 12.50 11.01 10.40 11.51 12.49 6.31
KT SWLW  17.98  25.53  16.51  15.66 14,27 17.25 16.87 30.13 17.70  14.70  74.82  15.13 23.05 6.08
i E SWTW 57.09  21.33 24.13  32.83 23.75 41.96  39.92 23.21 37.71  34.86  22.11  37.38 33.02 2.33
fiFk SL 15.59  11.82 9.33 9.66 10.22 14.30 15.40 12.05 8.50  10.53 9.20 10.38 11.42 20.45
F5 SW 15.74 11,17 11.14 8. 46 9.57 12.21 14.80 10.51 9.85 10.08 8.53 8.02 10. 84 5.76
K%L SLW 9.87 11.63  13.29 9.68 10.60 13.77 11.14 11.71 8.61 10.73  10.99 9.59 10.97 4.93
FiFE STW 34.80 22.71 22.80 23.30 18.62 29.73 44.10 26.21 20,47 23.55 13.39  30.04 25.81 13.73
¥ {6 Mean 23.09 17.16  16.20 15.29 13.47 19.41 21.10 15.5 18.82  16.04  23.77  15.85 17.97 12.35

I E A E L,

Nose: Codes of populations are same as Table 1
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FEE M5 R $ 0. 894.0. 875.0. 623 F1 0. 667,
Fopr sz btk 18] 19 3 2 U6 B, CLL.CDW ,SWL,SWW
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72 T3 8 CL.CW 1 STW 1 31 4 LA = 42

R PR, - 5
2.3 REURMAERFZEHXER 10 MAP

A 1 A B A 0 85 175 | w B
B FLAT 5 12 541 (Leven”s test, P<20, 05), s S
R R 434 (CCAD 45 Bty R (72%6) /N T & 1l i s v' $®
(XWTS) R4 3k (BT) J BE 0 22 30 1 52 39 4 o vk 1 N T C S
Rk (PET) BB . 3% 508 (2D A 22 11 CHLS) PR 4 ows
T TR U0 7 90 4 4 A T ik (MAP) i 500 (1 2) . i T 05 o
A B B L JE K B85 R A 4 TRAT IR o i
i (Pearsom) HIEHADBF 12 A2 BHER S oRbER
HOF R T2 60 RS HE . MOZE 5 T DL R K e e s 0 e o
CL 71 CDW.SWL.SWW.SWLW 1 SWTW 45k B2 12 KR R ST MR S R B

0 3 T D Y e B Xop 7 3 BT
Pl AR IR 3% 3
Fig. 2  P.tabuliformis populations and climate or
geographic parameters (MAP, Alt, MAT,PET)
on the plans formed by the CCA
The black circle represents each population;

The code of Fig. 2 same as Table 3

HI W T E 25 R b T 3 T R R OC R R
W —0.645" ,—0.628" ,—0.718" ", —0.628"
—0.648" f1—0.756" "), FFHI KK 4 NFERAE
PR AR ICAT B AR b AR 2R B bl
WAL 2% 5 R 8 K S R N R . BRIEZ
Hb A B GE G5 A Wos T S v AR 5 2 4 RE DL AR

F3 FTEMRERESHIEMRERTFEREXHE
Table 3 Coefficients of correlation between pairs of geographical

parameters and morphological characters of P. tabuli formis

RN AR BORSE BCRKSW MORTE  MEK MEE MEKIEL fMEE Mrk ®yEw MrKER frE

Trait CL CW CLW CDW SWL SWW SWLW  SWTW SL SW SLW STW
K CL 1.000 0.609 * 0.179  0.953% * * 0,947* ** 0.873* ** 0.900* ** 0.776* *  0.616*  0.622* 0.161 0. 403
R CW 1000 —0.664" 0,691 0.648*  0.529 0.595" 0.621" 0.568 0.450 0.402  0.383
FRERK T CLW 1.000  0.044 0.103 0,181 0. 100 —0.058 0.130 0,028 —0.366 —0.091
HETE CDW 1..000 0,950 * * 0.898* * * 0.849* ** 0.850* ** 0.729"* 0.673** 0,321 0.551
K SWL 1..000 0.919" ** 0.910* ** 0.800* *  0.719" * 0.688* 0.278  0.486
i 55 SWW 1.000 0.708**  0.709**  0.808" ** 0.844*** 0,164  0.667"
Pl K 55 1, SWLW 1..000 0.739* % 0.511 0.419 0.367  0.218
M E SWTW 1,000 0.712**  0.598* 0.456  0.623"
¥k SL 1.000 0.923% * " 0.496 0,894
FhF55 SW 1..000 0.128 0.875% *
MR ITL SLW 1,000 0.332
Fi 7% STW 1.000
Wik ALT 0.534 0.013 0.468  0.352 0.429 0.310 0.458 0.278  —0.019 0.178 —0.480 —0.180
AR MAT —0.198 0. 330 —0.573 —0.173  —0.203  —0.292  —0.169  —0.249  —0.408  —0.488 —0.001  —0.506
AERETT A MAP 0.070 0. 206 —0.188  0.166 0.185 0.180 0.172 0.413 0.212 —0.005 0.566 0,240
WEZE k& PET —0.645% —0,257  —0.307 —0.628* —0.718** —0,628* —0.648* —0.756** —0.393  —0.366 —0.162 —0.318
4N —0.466 —0.317  —0.062 —0.375  —0.421  —0.187  —0.507  —0.464 0.162 0.178 0.069  0.272
ZFE —0.446  —0.053 —0.377 —0.277  —0.369  —0.212 —0.386  —0.183 0.211 0.014 0.553  0.336
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