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Abstract; [Objective] The phenotypic differentiation and geographic variation of Picea purpurea natu-
ral population were systematically revealed to provide scientific basis for the conservation and genetic im-
provement of its germplasm resources. [Method] Ten natural populations of P. purpurea in Zeku of Qing-

hai, Tianshui of Gansu,and Ruoergai, Jiuzhaigou, Aba, Hongyuan, Rangtang, Lixian, Xiaojin and Songpan
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of Sichuan were studied,and 30 individual plants were selected for each population and 60 cones were col-
lected for each plant. Cone length, cone width (central diameter),seed scale length, seed scale width, seed
wing length and seed wing width (widest end) were measured,and ratios of cone length to width,seed scale
length to width and seed wing length to width were calculated. The differences in phenotypic traits between
and within populations were compared by nested analysis of variance. The dispersion and differentiation of
phenotypic traits were analyzed by calculating coefficients of variation and differentiation. Correlation
among phenotypic traits of different populations were examined and the Euclidean average distance was
used to cluster these populations. [Result] The 9 seed characters of P. purpurea showed significant differ-
ence between and within populations (P<C0. 01). The average coefficients of variation of 10 populations
were in the order of Rangtang (29. 45%) > Aba (22. 48%) > Jiuzhaigou (17. 93%) > Songpan
(17.76%) > Hongyuan (17.39%) > Xiaojin (17.03%) > Zcku (16. 48%) > Ruoergai (15.66%) >
Lixian (15.10%) > Tianshui (13. 95%). The mean phenotypic differentiation coefficients of spruce
cones, species scales and species wings were 46.17%,27. 06% and 40. 42% ,and their coefficients of varia-
tion were 15.11% ,19.70% and 21. 02 % ,respectively. The variation coefficient and phenotypic differentia-
tion coefficient of scale were the smallest,indicating that its characters were the most stable. The pheno-
typic traits of species showed rich diversity both between and within populations, and mean phenotypic dif-
ferentiation coefficient between populations (37. 88%) was smaller than within populations (62. 12%).
Correlations between ratios of cone width and seed scale length to width,ratios of seed wing length to seed
cone length to width,seed scale length,seed scale width and seed scale length to width were insignificant,
while correlations between all other treats were very significant. Ten populations can be divided into 3
groups by cluster analysis. The populations of Rangtang, Aba and Xiaojin are one group, Tianshui, Lixian,
Ruoergai, Songpan, Jiuzhaigou and Zeku are one group, Hongyuang is one group. [Conclusion) The pheno-
typic diversity of spruce was high and there were abundant genetic variations in all characters.

Key words: Picea purpurea ;snatural population;seeds and cones characteristics; phenotypic diversity
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Table 1 Site climatic conditions of ten natural populations of Picea purpurea
AR /C 1 ¥/ C 7 AR/ C i f5e 1K 9L/ °C
Fh it AR /m i (N) % (E) A lﬂm Average Average Absolute
Population Altitude Latitude Longitude nual average temperature temperature minimum
temperature
of January of July temperature
RT 3320 32°18' 100°58’ 5.2 —22.3 27. 4 —34.1
TS 2157 34°06' 105°25' 11.0 —2.0 22.8 —19.6
HY 4 345 32°08’ 102°30' 1.4 —10.3 10. 9 —36.2
172G 2 800 33°28' 103°40’ 12.7 —1.7 22.2 —10.3
AB 3523 32°33' 101°27' 3.3 —7.9 12.5 —33.9
SP 2 839 32°23' 103°26' 5.7 —4.5 14.5 —21.1
XJ 3 146 31°30" 102°27’ 12.0 —2.2 19.9 —16.1
LX 3 268 31°38' 102°39’ 6.5 —3.2 15.1 —16.1
ZK 3142 35°07" 101°33’ 2.8 —10.1 14.1 —19.5
REG 3024 34°07" 103°08’ 7.0 —10.5 10.7 —33.7
v ey o =10 CRUR/C
it 15¢ 1o 1 - . ; i H R o s o
BEIA mlﬁ/’i?'?m/ C Accumulation  4F IR LEE /% i ERERRE/ mm 2R A/ mm TR /d
' solute f the dail Annual a e Annual Annual Frost-[
Population maximum © ¢ datly nnual average Annual nnual noua rostiree
" ¢ temperature relative humldlty licht h precipitation evaporation duration
emperature . 1 or than 10 °C ig ours
RT 23.5 2 292.20 73.0 1978.2 763.1 1125.5 89
TS 38.9 2 853.54 74.0 2 090.0 491.7 1277.3 237
HY 25.6 352.00 70.0 2 417.0 749.1 1232.0 19
172G 35.8 3 877.00 64.0 1 609.5 552.9 1475.9 194
AB 27.8 3 493. 80 65.0 2 305.7 712.0 1920.3 177
SP 34.4 1321.90 68.0 1827.5 729.5 1136.4 65
X]J 31.2 3 493. 80 67.0 1690.7 613.9 1920. 3 224
LX 31.5 1 295.00 70.0 2 358.0 857.5 1342.0 152
ZK 32.1 1 045. 00 68. 3 2614.7 53.4 1431.5 135
REG 24.6 3 06.90 68.0 2 293.0 570.0 1228.4 149

WRT.EHE; TS, KK HY. 20055 JZG. JuZgi; AB. Badl; SP. #adk; XJ. /& LX. #iEL; ZK. %% ; REG. #/R#. £ 3K 4 M

K1,

Note:RT. Rangtang; TS. Tianshui; HY. Hongyuan;JZG. Jiuzhaigou; AB. Aba;SP. Songpan; X]J. Xiaojin; LX. Lixian; ZK. Zeku; REG. Ruoer-

gai. The same for Table 3. Table 4 and Fig. 1.
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Table 2 Variance analysis of phenotypic traits within and between populations of Picea purpurea
ek $175 Ms FA{§ F value
e R FEEPA PR FRER AR

Among populations Within populations Random error Among populations Within populations

CL 587.654 6 12.108 6 0.291 1 48.53" " 41.607
CW 28.995 2 2.569 4 0.076 4 11.28*~ 33.61*~
CLW 33.438 0 1.101 8 0.046 4 30. 35" 23,747
SSL 20.684 7 0.854 9 0.027 5 24,19* " 31.05* "
SSW 5.214 3 0.582 5 0.016 8 8.95%* 34. 74" %
SSLW 5.152 1 0.909 5 0.127 8 5.66 " 7.12% %
SWL 3.2299 0.228 3 0.010 3 14,15~ 22.20"
SWW 1. 468 5 0.060 9 0.004 7 24,10 13.04**
SWLW 26.383 3 1.302 7 0.252 9 20,25 5.15**

E

AL 3R 3~6 [/ » * FREFWEF(P<0.0D),

:CL BRI CWL BRI 98 s CLW. Bk K 56 FL 5 SSL. R4 s SSW. 5§ i

3 SSLW. Bl 1< 56 L s SWL. Fft @l 1< ; SWW. Fill 5 s SWLW. Ffr

Note:CL. Cone length; CW. Cone width; CLW. The ratio of cone length to cone width; SSL. Seed scale length; SSW. Seed scale width; SS-
LW. The ratio of seed scale length to seed scale width; SWL. Seed wing length; SWW. Seed wing width; SWLW. Ratio of seed wing

length to seed wing width. The same for Tables 3—6.

% % indicates significant correlation at P<Z0. 01 level.

R ERZEURAMBMIRBEMROEHERRES
Table 3 Mean value and standard deviation of phenotypic traits of 10 populations in Picea purpurea

Pf)ﬁlﬁti()n CL/cm CW/cm CLW SSL/cem SSW/cm SSLW SWL/cm SWW/cm SWLW

RT 5.2540.66 ¢ 2.79%0.44 ¢ 1.91£0.32c¢ 1.2540.32 g 0.91+0.31e 1.53£0.82a 0.63+0.20f 0.30%£0.11g 2.24£0.90b

TS 4.5440.58 ¢ 2.50+£0.30e 1.83£0.26d 1.384+0.17d 0.96+£0.12d 1.46£0.22b 0.80+0.11b 0.39£0.06 cd 2.06+0.36 d

HY 6.984+1.51a 3.05+0.53a 2.30+0.35a 1.7040.26a 1.1140.18b 1.55+0.24 a 0.7840.13 ¢ 0.39£0.07 be 2.0140.40 de
12G 4.60+0.46 e 2.80+0.25c¢ 1.65+0.16 g 1.25+0.25g 0.9240.18e 1.3840.31c 0.7140.15de 0.36+0.10{ 2.05+0.49 de
AB 5.174£0.88 ¢ 2.93+0.45b 1.78£0.26 e 1.31+0.28 ¢ 0.98+0.21d 1.38%£0.40c 0.70+0.16 e 0.29£0.10 h 2.54£0.69 a

SP 4.38+0.68 f 2.65+0.39d 1.68+0.30f 1.384+0.19d 0.96+0.14d 1.45+0.21b 0.78+0.09 ¢ 0.38+0.08 e 2.13£0.78 ¢

X]J 5.734+0.84 b 2.814+0.33 ¢ 2.05+0.28b 1.624+0.22b 1.15+0.16a 1.45+0.57b 0.8340.11a 0.39+0.06d 2.20+0.35b

LX 4.54+0.67 ¢ 2.54+0.40e 1.81£0.28d 1.43+0.19c¢ 1.00£0.16 ¢ 1.45+0.21b 0.7240.10d 0.36+0.06 { 2.05+0.30 de
7K 4.85+0.69d 2.78+0.35¢ 1.76%0.23 ¢ 1.2840.24f 1.00£0.19¢ 1.30£0.20d 0.80+0.13b 0.41£0.08a 2.00£0.36 ef
REG 4.4240.77f 2.53+0.45e 1.7840.34e 1.38+0.17d 1.00£0.14 ¢ 1.39£0.22c¢ 0.7740.09 ¢ 0.40£0.06b 1.96+0.33 f

j\izvifrage 5.05+1.12 2.7440.43 1.8540. 34 1.4040. 27 1.0040. 20 1.4340. 40 0.75+0.14 0.374£0.09 2.124+0.56

TE « [ 58O 5 b A [ /NG 5 A 38 7 S TR] b ) 22 7 3% (P<0. 05).

Note: Different lowercase letters at the end of same column indicate significant differences among populations (P<Z0. 05).
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(SP) Fh BE 5 /s BR S 98 (CW) #1{H / 2. 50 ~ 3. 05
em; BRI K 98 e (CLW) iz B ER S IR 28 S 41
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FIRE 5 /MBS 7 1P R (ZKO R fE . FPid 4 (SWIL)
BIHE N 0. 63~0. 83 cm, e KAH /NG (XD FIAE
AME R BEYE (RT) B Fhodl 58 (SWW) {8
0.29~0. 41 cm, e KA Ky 75 155 (ZKO FPRE  Jie /)
{EL A BT 401 CAB) Ff B 5 P K 5 L (SWL W) Jiz e ot 52
TEARAE S BIE Sy 1. 96 ~2. 54, e KAA K Ff 9L (AB)
FRE Bt/ IME R 2K 35 (REG) R BE. 25 b T3k, 48
RARZEERR K A F RIS 230 oo Fh
RS TN e s S N R S
2.2 ERZUMIRBEERNESTRIFE
49 2 0 P R I s OB B T AR R R UM R )
B, A S 2R BRI 3R R PR R Y S R
KU, B RAZ 10 ADFIEERY 9 A Fh 52 2 RYPE IR AR
SRR A, RFE A TLUE A& BRI Rk
FRN S APEAR 07 9728 S RBUEAE 25 5, o R 1Y
34 B KR, R 21, 02 % 5 Rl A AR R B BOK

550 9 A S B MR AR R [F] BB ORE (E] T3 AR R R
Bl 14, 32% ~ 23. 85% ., M A R R BN
18.61%, H b Fp i K 58 19 b A 5 R B K
(23.85%0) s H SR P K 58 Lb (23. 29 %0) , 2% W] b %
FUR MR8 £ K 58 EoO 19748 53 R B B A R R
Y CR 858D A8 5 K, AR IRIE A AR AP 10 A4S e
KPS A 8 S RO R BRI R - 5T
(29. 45 %) > P (22, 48 %) > JLFE A (17. 93 %) >Fi
W (17.76 %) =41 J5 (17, 39 %) >/N4x (17. 03 %) > %
JE (16.48% ) > # /R @ (15. 66%) > H H
(15.10%) > KK (13.95%) » 3% & W] K [a] Fl B )
B mtks SBMBRMUNESR,

12 4 38 AT 7 VS 1% 498 3 R BT 30 g SR
2 A2 Tl B R o 3 2 U AR 9 R S R B T O At
HE LRI 2 S FhHE CRe 00 J2 18 3 Fh oD (%) B 65l 70
MRS AR E R A AR & s H L5 R
IREmEMBFE R SRR TR R RS TH
MFPEE . J3 40, e BT AP RE Y O DR AR
A8 AR 1Y 722 S ZR 0w T[] — PR RS (] o A 1] 1)
SEIAR S R R A BER Y 88,8900, KK VEREL
v oK i A P2 AR A% o 52 e BUPIR 1 7 128 S R K
BN UL EX 4 A PR Bl R R K R B b sz
RAZHEMRM. LARGEREH  ARERZEZR

Z R 19 TV BRI AR S R RN 15, 1100338 REIC LUV Al X R 2 38 B 2 AR PR . T RE SR
AP ol R P ok R ol it R 7 S P R R AR R Ok BALF LR Z AR T
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Table 4 Coefficients of variation of seed phenotypic characters in natural populations of Picea purpurea %

Poﬁjﬁiion CL CW CLW SSL SSW SSLW SWL SWW SWLW Ajchgc

RT 12.55 15. 60 16. 63 25.43 34.32 53.24 31.75 35.32 40. 22 29.45

TS 12. 80 11. 96 14.09 12.17 12. 14 14. 80 14.02 16. 14 17. 40 13.95

HY 21. 64 17.52 15.28 15. 36 15.99 15.49 17.18 18. 35 19. 68 17. 39

12G 10. 03 9.05 9.65 19.74 19. 60 22,34 20. 65 26.70 23.65 17.93

AB 17.03 15.23 14.73 21. 26 21.83 29. 05 22.18 33. 69 27.34 22.48

SP 15. 44 14.55 18. 06 13. 44 15.00 14. 48 11.69 20. 60 36.55 17.76

XJ 14. 69 11. 89 13. 65 13.72 14. 20 39. 57 13.27 16. 59 15.73 17.03

L.X 14.70 15.71 15.49 13.53 16. 40 14. 27 13.71 17.67 14.43 15.10

ZK 14, 22 12.62 13. 38 18.75 18. 90 15.19 16.77 20. 33 18.13 16. 48

REG 17.43 17.62 19.13 12. 40 13.95 16. 15 11. 85 15. 64 16.75 15. 66

T -

Average 15.71 14.32 15. 30 16. 85 18. 40 23.85 17. 46 22. 30 23.29 18.61
2.3 ERZEXAMBEMIERNRESL VI 0 bl IR e o . BRER AP B A1 Ap R A 9

H e 5 AL B IR 2 R AR P BR OB o s 1 Ao
S 11 22 A oAb FR AR S B AR L Ol 15,319 806 ~
61.882 00 ; I\ Jr 22 41 F1 43 L AT 401, b Py ¢ AL AR
SR T RP R B) & 70 AR S5 5 BRI L R i |l 10 3% R0 4y
1 2 BOYME 5 5k 46.17%,27. 06 %5 F1 40. 42% , A]

FARIEAR T2 R A 50t R Bk 37,883 06, Ui B
SR 22 IR TR o 50 2 R0 AR S E FORE (8] 1) ST o5
b2ty 37. 8800 ZEFPAE N BTk i Lol 62,1206, KB
IR B AL IR TR AR AE BB () ZREE KT
FfRe (] 1) Z2 4
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Table 5 Variance population and phenotypic differentiation coefficient of seed and fruit phenotypic traits of Picea purpurea
J7 %47 i Variance portion 75 24y H 4y b/ % Percentage of variance portion KRR
FEAR AR AR . A AR . _osh/%
Trait Am()r}g Withi'n Rendom error Am()r}g Withi'n Rendom error Differentiation ‘coemmem
populations populations populations populations of phenotypic traits

CL 0.639 5 0.393 9 0.2911 48.281 7 29.740 5 21.977 7 61.882 0

CW 0.029 4 0.083 1 0.076 4 15.543 3 43.990 2 40. 466 4 26.108 5

CLW 0.035 9 0.035 2 0.046 2 30.569 7 29.932 7 39.497 6 50.526 4

SSL 0.022 0 0.027 6 0.027 5 28.559 4 35.749 5 35.691 1 44.409 7

SSW 0.005 1 0.018 9 0.016 8 12.623 9 46.252 8 41.123 3 21.441 2

SSLW 0.004 7 0.026 1 0.127 8 2.972 8 16.432 2 80.595 1 15.319 8

SWL 0.003 3 0.007 3 0.010 3 15.970 3 34.795 4 49.234 3 31.458 8

SWW 0.001 6 0.001 9 0.004 7 19.281 0 23.122 7 57.596 4 45.470 1

SWLW 0.027 9 0.035 0 0.252 8 8.825 5 11.082 9 80.091 6 44.330 5

qAZVlfragC — — — 20.292 0 30.122 1 49.585 9 37.883 0

2.4 ERZAEMIRBEERKEHEXXRE

6 R, BRERCR 985 AP 1 TE B L R RO
i 5 RRORA 58 HE R I Rl 8 B L A K 5E LAY
FHOGHE AN 25 Ah o 58 2R 2 42 LA Tl 2 PR i) 2 52

WE O OE A H i SRR 5 BRI B HE Ll T
5 E B DL R R B G EE S R 8 BE R
e S S A SE AR
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Table 6 Correlation coefficient among phenotypic characters of seed and fruit of Picea purpurea
PEAR Trait CL CW CLW SS SSW SSLW SWL SWW
CW 0.567"*
CLW 0.672"* —0.200"*
SSL 0.500" * 0.383" 0.240"
SSW 0.368"* 0.327** 0.139"~ 0.644 "
SSLW 0.080* * 0.017 0.076"* 0.189** —0.451**
SWL 0.222% 0.229** 0.054" " 0.418* 0.405** —0.087"*
SWW 0.125** 0.111** 0.042"** 0.262** 0.266"* —0.069" " 0.553**
SWLW 0.042" " 0.068** —0.005 —0.001 —0. 009 0.011 0.165** —0.574*

v % ToRTE P<<0. 01 K b A X,

Note: * * Significantly correlated at P<<0. 01 level.
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B 1w, UEEEE 0.75 ABI{E.10 MR
SAZFPREW] AT 53Ry 3 4H A SRS BT I0URD /) 4 b
BER—2H, ROK VBB R 5 FA TR L U8 I8 IR PR
FIRE N — 4, 2L R A oy —H P R R =

G .OrBER AR E A B 2R,

w1

2.5
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XJ
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LX

REG
SP
122G

ZK

HY

0.46 0.91 1.37 1.83 2.29

8 4% i B UPGMA distance

0.00

K1 R BAZ 10 A KRR T Fh SC R AP0 R K45
Fig. 1 Cluster analysis of 10 natural populations of

Picea purpurea based on phenotypic traits

3 WieS4Eie
5.1 RRAVTRAYEE

WX EIR AL 10 A KIRFHE 9 > Fh 52 PR
CBRAR A VBRCR 8 BIOR A T8 LU VR B b 85 5T | b 8%
T8 R R RO S8 R T ) i IR A
S A2 SRR ol 52 2 IR A A ) R R Y
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S0 Sk 5 AT A X W VLA ( Phoebe chekiangen-
sis)P A AE B (Styrax tonkinensis ', T & M
(Cyclocarya paliurus)™" W5 45 BAHF . 534,
SR BAZFP ISR TE RO RE (8] 19 ZREVE N TR RE N 2
FEVE L e BT 5 R = A2 R R 28 Al Y 32 2 IR AT R 2 X
JEAE B R R 22 S . RS EMBEN AR
AL S AT AE O T R T XU A Ry AR ), &5 SR
B 1R R U AR PN B PIL 3SR B A Y . X 5
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WL % = A2 (Picea asperata) [ B 9% 45 5 —
B BRBAZERIR R R MR Y - 24 36 B gy
TEZHH 37. 883 004 B 5820 5 A2 KK b A A 52
PR A 8 TR S A 2 4 e AR BT 5 bl R Y
B R Ra e MR L e gl bR A R SR M R T
PR FGAE 3 158 I o 98 e R A 1) 38 A5 R AR X
55 XA = A2 B ST 45 SR AR L
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Fifr 52 e RUPE AR 22 REME B Ry 5 1 X T RE R 5 R S A2
Tofr 52 6 00 Z2 P A s DX, LR B 1 o 8 K
FU /N 4 AR 0 b 88 5 | b < de O S I3 AR A ) e
B AN S A i /) 5 21 DR 0 BRI L BROR 5 L 2K
A TE L o B AN b 8 I T L B AR R Bl AT /)N
a4 T A R Y ol XL 2 I IR 2R
P A A By AL 30 B b A B AR O PR 3 v AR 8K
(SR 7 R VA R o P L R T S I ) ' P LB i |
IREE 1Y) 25 5702 52 ) AN () DX sl B o 2 3R A0 MR ) o
WA, LR RESTERE R ER 2L
GRMBERMTOMBERRAERANREER . ERK
ANEFERNRE BE b UL 1 W ol A T) A 958 365 7 RE ) B9
SRS — I AT R O N s LB R A
BEh BT T A 5 A A | AR S BAS B S R A A
JoTAF AR AN R 22 531)  BAT S8 5T Sy 35t A% 78 S A5 R 1 T
AFPT T 5y — 7 T, A 2 Hb BT R TR AR L 1
A B8 S5 A B AR s L R ) 0 0 B A 4 A AT AT
R 5 B3 4 X % o T 7 38 A% AL b )
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