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Abstract; Pinus koraiensis is a rare and protected species in China. In this study, our objectives were to determine the
phenotypic variation, distribution mechanisms and patterns of different P. koraiensis populations in a seed orchard. We
studied morphological variation among and within six populations of P. koraiensis based on analysis of 15 phenotypic traits
(including needle, cone, and seed traits ). Nested analysis of variance, coefficient of variation, multi-comparison, and the
unweighted pair-group method with arithmetic means (UPGMA)) cluster analysis were used to analyse the data. The results

showed that: (1) there were significant differences in all 15 traits among and within populations of P. koraiensis, revealing
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a large variation. Within the genus Pinus, P. koraiensis shows intermediate levels of variation. The most southern population
showed the highest mean value in 10 of the 15 traits; (2) mean phenotypic differentiation coefficient ( Vst) within
populations was 87.61%, higher than that among population (12.39%) , indicating that the largest part of phenotypic
variation is retained within populations in P. koraiensis; (3) the average value of coefficient of variation ( CV) was
13.28% , and ranged from 6.16% to 31.48% among traits. Among traits, the CV decreased from cone (17.86% ) to needle
(11.19%) to seed traits (9.87% ), which were the most stable traits. The phenotypic diversity of DL and FL populations
was higher than that of other populations; (4) according to UPGMA cluster analysis, the phenotypic traits of P. koraiensis
populations clustered by geographical distance. The six populations P. koraiensis used in this study can be divided into four
groups, which are significantly related in topography ( mountains in northeast of China). Overall, we observed abundant
phenotypic variation among and within populations, which provides critical information for resource collection,

conservation, and breeding of this ecologically important species.
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Fig.1 Map illustrating the original location of six Pinus

koraiensis populations in the seed orchard
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Table 1 Variance analysis of phenotypic traits among/within P. koraiensis population.
SRR ¥75 (A thEE) MS(df) FA{H F value
phenotypic traits R[] FPHEA Pl Tl FIHEA
Among populations  Within population Error Among populations Within population
£ (NL) 88.42(5) 17.01(171) 0.36(1593) 243.23 %% 46.78 ***
FFIH(NW) 1.3366(5) 0.0880( 171) 0.0045( 1593) 294.03 *** 19.36 ***
EF R (FW) 5.568(5) 0.324(171) 0.009(1593) 595.00 *** 34.65***
EF /£ R (NL/NW) 231.28(5) 16.37(171) 1.29(1593) 178.80 *** 12.66 ***
EF I HOHL B R (FW/NW) 0.08300(5) 0.06324(171) 0.02627( 1593) 3.159 7+~ 2.407 ***
BRAK (CL) 12.654(5) 6.985(172) 0.699(356) 18.1 % 10***
BRARLTE(CD) 3.201(5) 1.675(172) 0.141(356) 22.76*** 11.91***
BRI /BRI 9 (CL/CD) 0.19303(5) 0.03677(172) 0.00466(356) 41.446 """ 7.896 ***
BRIRE(CW) 57412(5) 13021(172) 863(356) 66.52*** 15.09 ***
IR PR L (CSY) 4279(5) 1734(172) 129(356) 33.24%*" 13.47 ***
FERR (CSY/CW) 339(5) 117.9(172) 7.2(356) 47117 16.38 ***
i (SL) 20.694(5) 3.174(161) 0.325(337) 63.685*** 9.766 ***
FE(SD) 2.7119(5) 1.1851(161) 0.3761(337) 7.211*** 3.151***
F i/ F9E (SL/SD) 0.17601(5) 0.02232(161) 0.01269(337) 13.865*** 1.758 ***
EORLE (HSW) 485.8(5) 309(161) 10.1(337) 48.2%"* 30.66 ***

( Turkey, a=0.05)

x2

MFE 6 MIRTMEEREERNFHERESELE ( Turkey, a=0.05)

Table 2 The mean value, standard deviation and multi-comparison of phenotypic traits among six P. koraiensis populations

in seed orchard

FAUEIR K H R PN AN itk Fohk

Phenotypic traits (LSH) (HNH) (DHL) (DFH) (DL) (FL)
£ (NL) /em 12.65+1.36 ¢ 11.41+1.11 ab 11.33+1.33 ab 11.1£1.36 a 11.47+1.62 b 11.52+1.56 b
EFIHHL(NW) /mm 0.99+0.12 d 0.91+0.11 b 0.94+0.12 ¢ 0.91+0.1 b 0.81+0.11 a 0.83+0.11 a
EF O (FW) /mm 2.02+0.21 d 1.87+0.2 b 1.95+0.23 ¢ 1.87+0.19 b 1.68+0.17 a 1.69+0.2 a
Bt/ gL (NL/NW) 12.84x1.33 ¢ 12.66+1.53 be 12.11£1.31 a 12.34+1.46 ab  14.24+2.05 d 13.97+2.08 d
ﬁ,@fﬁ/gﬁw*ﬁ 2.04+0.13 a 2.070.17 ab 2.070.14 ab 2.08+0.16 ab 2.08+0.22 b 2.05+0.2 ab
BRIRK (CL) /em 15.35+1.55 b 14.7£1.74 ab 14.59+1.45 a 14.67+1.55 a 14.27+1.92 a 14.63+1.76 a
BRARFE(CD)/em 10.0420.6 b 9.46+1.06 a 9.88+0.62 b 9.97+0.76 b 10.03+0.87 b 9.96+0.92 b
B /BRI SE (CL/CD) 1.53+0.13 ¢ 1.56+0.14 ¢ 1.48+0.11 b 1.47+0.1 b 1.42+0.12 a 1.47+0.14 ab
ERARLTE(CW) /g 298.33+65.74 ¢ 250.83+72.6 ab  245.92+62.15 ab  269.29+66.21 b  235.99+78.62 a  237.01+72.57 a
BRI (CSY) /g 89.13+27.82 b 77.62+21.68 ab  81.82+18.33 bc  83.65+22.14 bc  68.9+29.27 a 78.35+30.09 ac
FEFER(CSY/CW) 29.48+5.76 a 31.23+3.96 ab  34.03+6.44 b 31.45+5.79 ab  28.77+8.48 a 32.45+7.62 b
i (SL) /mm 17.29+0.92 b 16.31+1.4 a 17.07+1.05 b 16.110.11 a 16.9+1.31 b 17.25+1.46 b
Ff % (SD) /mm 11.29+0.85 b 11.21£0.88 ab  10.96+0.88 a 10.93+0.9 a 11.0£0.93 a 10.94+1.06 a
F/F 58 (SL/SD) 1.54£0.13 b 1.46£0.12 a 1.56+0.12 b 1.48+0.12 a 1.54x0.14 b 1.58+0.13 b
EORIEE (HSW) /g 69.93+7.25 b 62.65£11.84 a  64.63+8.8 a 65.32+9.24 a 65.64+10.7 ab  64.43+13.49 a.

[E I EF i BREE AR THRIR Vst 59728 S8 BE 4 0.95%—35.67% , 15 A2 BIVEIR (19 24 3 B 40k R8N
12.39% , LB 2T A Bl Fp A SR AU AR S AEFPRE BT 1) BT pik 7 12.39% , M N ok o5 87.61% , FI BN ZFEYE R T
FhRER ZREME . Hodh R IE R BUR R IMEIR N FW, 8 35.67% ; Hak o NW, ol 33.27% , e/ FW/NW

http ; //www.ecologica.cn



17 1 HERA A5 ZLRARD T PR AR G R I SRR S 5

N 0.95% ,15 D FRIEAR YR BN FREE ] 19 R0 R AT 509 , DL LT Bl 7 bl P B e 20 A8 57 T 8247 A
THREER
£3 ANRMTERERIENTEHBRRYSURY

Table 3 Variance component and differentiation coefficient of phenotypic traits among and within populations in P. koraiensis

YE-Zigin JIES R P IES
SRR Variance component Percentage of variance component Differentiation
h o g [ FE A - AR [ AR . coefficient of
phenotypic traits LIRSS ML .
Among Within Among Within phenotypic
. . Error . . Error . .
populations population populations population traits ('Vst)
EFI (NL) 0.2394 1.6643 0.3635 10.5581 73.4069 16.0349 12.5744
EFIAL(NW) 0.0042 0.0083 0.0045 24.3995 48.9405 26.6600 33.2691
EFIT AL (FW) 0.0175 0.0315 0.0094 29.9471 54.0023 16.0506 35.6728
R ZI R
0.7157 1.5078 1.2935 20.3495 42.8716 36.7790 32.1878
(NL/NW)
Fr AU/
.0001 ) .0007 .8442 4307 10.7251 .94
EFIPHLCFW/NW) 0.000 0.0060 0.000 0.8 88.430 0.725 0.9456
BRAEK (CL) 0.0658 2.0910 0.6985 2.3057 73.2310 24.4633 3.0525
BRERFE(CD) 0.0155 0.5144 0.1407 2.3139 76.7122 20.9739 2.9280
BRI /BRI 98 (CL/CD) 0.0019 0.0107 0.0047 11.1362 61.9404 26.9234 15.2390
BREE(CW) 461.0733 4048.3569 863.0357 8.5822 75.3538 16.0641 10.2246
HEL PR (CSY) 28.5169 534.7741 128.7242 4.1208 77.2778 18.6014 5.0626
FERE (CSY/CW) 0.0002 0.0037 0.0007 5.3153 79.2246 15.4601 6.2873
P (SL) 0.2094 0.9484 0.3250 14.1214 63.9614 21.9173 18.0851
FhIE(SD) 0.0181 0.2676 0.3761 2.7417 40.4368 56.8215 6.3496
Pl /P 9g (SL/SD) 0.0004 0.0213 0.0452 0.6227 31.8079 67.5694 1.9202
ORI (HSW) 2.1256 99.4593 10.0780 1.9036 89.0710 9.0254 2.0924

2.3 FRRMR M)A SFARAE
AREARTE 6 DRhEETR 2 S A B 220 (2 4) |, B PEIRIERMEE N (1 SO 39728 5 R E0H 13.28% , 7%
&K 6.16%—31.48% ,7F 15 R AR P BRI = im0 A8 5 R AR (CV =31.48%) , HIR B IR B

x4 A6 MHBERIEMERNERRH(CY)

Table 4 The coefficient of variation of phenotypic traits in six P. koraiensis populations

E-ZIUEEIN K BRI PAEZN IRITEL i Fhk Mean
phenotypic traits (LSH) (HNH) (DHL) (DFH) (DL) (FL)

£ K (NL) 10.75 9.73 11.74 12.25 14.12 13.54 12.02
EFIAL(NW) 12.12 12.09 12.77 10.99 13.58 13.25 12.47
EF AU (FW) 10.4 10.7 11.79 10.16 10.12 11.83 10.83
BRI/ BT IR (NL/NW) 10.36 12.09 10.82 11.83 14.4 14.89 12.4
EF SRR £ AL (FW/NW) 6.37 8.21 6.76 7.69 10.58 9.76 8.23
B (CL) 10.1 11.84 9.94 10.57 13.45 12.03 11.32
BRARLTE(CD) 5.98 11.21 6.28 7.62 8.67 9.24 8.17
BRAFRK /BRI FE (CL/CD) 8.5 8.97 7.43 6.8 8.45 9.52 8.28
BRI (CW) 22.04 28.94 25.27 24.59 33.31 30.62 27.46
LRl (CSY) 31.21 27.93 22.4 26.47 42.48 38.4 31.48
FERER (CSY/CW) 19.54 12.68 18.92 18.41 29.48 23.48 20.42
P (SL) 5.32 8.58 6.15 0.68 7.75 8.46 6.16
FHEL(SD) 7.53 7.85 8.03 8.23 8.45 9.69 8.3
P/ Fp g (SL/SD) 8.44 8.22 7.69 8.11 9.09 8.23 8.32
EORLE (HSW) 10.37 18.9 13.62 14.15 16.3 20.94 15.71
Mean 11.79 13.06 11.79 11.84 15.77 15.41 13.28
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KRR HE RS UPGMA BT EEXT 6 AR EERY 15 DN FRIMEIREHE AT R 200 (K 2) | 4B
PR ES I BIE R 2 B, 6 DNFREERH R 01k 4 2 55— SN @K AP RE, 58 2O AR Dy DR E, 5 — 2 e il
FOREFN SRR EE | 55 DUy IS TR EE, SRELE L 5P 71 6 D Fh i nd b BREE B A — 2, R 4 K
FHF SR ERI X A —E RN G, KRR E R ik, 28 5 20 R s ik ik, #einl
FICUE MR HE SR T3 AW Ll ik, TS 06 R MRRR R AL V& /NS0 1 K, 5 TSR 1 L BRI i R 5
AT S SO sk A% 2% S AL BRIS

3 Fit5itie

3.1 ZIARIRI R R AL SRR

A 3 X6 B KT Tl el ) 6 AN FREE BRI BRI ARR Y 15 AR AR OBIFIE & B, £1 0 (1) e RIPEIR A5 il
R AR EE AR B A 225 SRS SRR T AR W R AA YRR ARk SRR A
B FRAZE WG R LA B R AL AR S RAAR S I 2518 518 2t il ZREME A Mr 4 e — 2, BZ0 s
PR AL ZREE AR 2 25l R B A 8 A% T R R O BIF IS A5 T AR A 4 1

ZIRA 15 NFIUHOIR B F 24531k 2280 Vst = 12.39% , Ut B B BE PN A8 53 (87.61%) 't 35 /= T Fh 8 1] 48 S+
(12.39%) , Fife 28 S 2T PA I 2 BAR SRR, 3k R B T R G xE 19 5 s I HGE I RR iR A SR e B TR 11 )
PR TR 6 AN ZIANFRE A AH ) 9 AR A IRET  BICH SRR MR 22 ] i) 2 7 2 B R R Y T 3545 7 1l T
W, 5 AT R 0 I R ZTAS R HIR 1 S Ak AL T SR KO 8 TR B 42 (10.1%) 0 JETE
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R, LRSS B RGN G™ , BIan, EF R AR B B B B AR, SMERAEAS (JER) B Ak T FlRE
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AR IR A LR R IR 20 5 210 R R S AE B A 4 R4 , L 45 S B s 7 BP0 T B, mT DA b 35 R 3 A
TRBh , Uk bR ] ) 22 53 0 R PR DA A 28 S5 B8 37 T R ) 428 S5 (EURIRRE (7] 72 5 A1) 28 SCHI R T ol
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