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Study on phenotypic diversity of seeds and fruits’
characteristics in Cornus walteri

KANG Yong-xiang,ZHAO Bao-xin, YUN Yu-jie, CHEN Mian

(College of Forestry s Northwest A& F University s Yangling s Shaanzi 712100, China)

Abstract: [Objective) In order to provide scientific basis for the national strategy and development of
cultrural division of Cornus walteri ,morphological characteristics of seeds and fruits were investigated and
determined in major natural distribution,which also can reveal natural variation and geographic evolution.
[Method) The subjects of the study were 9 representative populations of C. walteri from main natural dis-
tributions in china. Phenotypic diversities among/within population were discussed by comparing and ana-
lyzing 9 morphological characteristics of seeds and fruits such as seed diameter,shell thickness,the weight
per 100 fruits and so on. The methods of nest design, multi-comparison, related analysis and hierarchical
cluster analysis were used for analysis of experimental results. [Result] There were significant differences
in phenotypic variation among populations and among individuals within populations. The mean phenotypic
differentiation coefficient Vg between populations was 23 %. In different individuals within populations,the
CV of three phenotypic traits (pericarp thickness,shell thickness, solid-shell ratio) was 27.42% ,25. 03%
and 25.19% , respectively, while the CV of seed diameter was only 9. 61%. Most phenotypic traits were
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highly significantly or significantly correlated. Pericarp thickness and the latitude had a significantly posi-
tive correlation (R = 0. 808), shell thickness, latitude and rainfall were significantly correlated (R=
—0.892,0. 787) ,fruit-shell ratio was significantly correlated with the latitude and longitude simultaneously
(R=0.850, 0.815). The 10 populations of C. walteri investigated could be divided into three groups ac-
cording to the UPGMA cluster analysis. [Conclusion) Phenotypic variation of seeds and fruits between
populations was greatly smaller than that within populations. The traits stability of seed diameter was
higher than that of other traits, compared to other characters, there was a big variation in pericarp and
shell. The degree of variation of Yangling and Qingzhou was higher than that of other populations, moreo-
ver,the integrated quality of seeds from Yangling was the best. The solid-shell ratio of natural populations
within C. walteri species was affected mainly by latitude and longitude in spatial distribution. Pericarp

thickness and shell thickness were significantly related to latitude, while shell thickness was positively re-

lated to precipitation.

Key words: Cornus walteri ; natural population; phenotypic diversity; morphological characteristics of

seeds and fruits

LBk (Cornus walteri) Jy 111 28 # B} (Cornaceae)
BRAJE Vi I TR A, A4 B HROIR BRI R 3% 5 AL TE 5
J1 3 8 —10 530 472 45 E AR L 5 4w
K3k 300 4E LA b o4 —6 A AT IR LS5 5 A A
R S i RS E S 31,800 ~41. 304, H
EHME RS T A A RS . BRI R
AR A AL BT T 5 L AR 3 K e PR A AR [
IR B A T AR SR AL R . B bR R AR AF A el T
ZoARIEL T HEW M. A S M R E
VLR VL 78 2 H R 7 B LU AR Lt ve Bk g L i)
FA S8 A B o R . Bk A v M e PR A g T
SRR TR R IR A A P b R P E
K. 2 B HUA sl TR o0 A B50AE T R IR S AR el
ZeWEMRrh 0T

Bobk i T A E BT WG i PR AR 2E S R
IR R b, O 1 N B BRI N T 5 Z M
WV s A R R R TR Y
il A5 S 1) B R 22— AN A E R
RE 3 AR A4 43 A % Rt i L A ST & R
MHEELTFIERZ —. HE X BRM TR 2 L
TR T AT OGRS S R R A 2 R
PEAS S A AIE 5T 1 R WARGE . R, T H dH X 4 I 2
BEH SR X B AR A 25 S Bl e AT T O 2
AR A, DUSR SR 28 TR g Bl o0k B bl 2R 52 K
AL S S ST T REMR . B ERR
ERANIE G M) 22 1] L HF AR 2 18] F A A4 2 [ 4 728 S
B, 48 75 B bR 1Y b 5208 2548 S5 A0 A A 38 44 O3 AT A
Jay » by 7 B B A0 SR W 1) Ak S RN TR B DX R $ A 2
B

L MRS .

L1 ## kiR

TEXF 4 [ B AR BT IR S AT Iz R A ) A L A
Bk EE ARG X T AE R L AR BRVE 1L VS T RS
WAL TEVE 6 N Bt sE 10 A HA AR 1 (4 it
A7 R Rl R AP XL 1,

T 2009 F1 2010 4FEZE 2 W4T BARR SR
B Hirh 2009 4EREE T 3 DRFIK, 2010 4ERET 9
AR CE 3 A E R 93 BB - i
B iR E Il - T LE - HEMLE I
BB o BRI o DIl LBk o TR AR A R AH G M
PRALE RS KA Ko ARG WL SR 1. i T LA
T PR A B 5 A /0 LR Aol TR e o A S P AR B A A 2
WAL S5 TR geit b . 18 2 YOCRERY B E ¥
A T AT A R CR AR L T T AF B TR] SR 578 Ak R A ST
NIVE=EZ 0 T
1.2 ERFIZERONERTE

TECEEER 7 D BPERAKBEAR M L. T B
A8 38 HUCIE B 45 S 0 SRR S AT R A RER AR A
FEARDN 22 30 A~ F bk, BEOR AR W] BE 25 2 D AE 50 m D)
R R G R RO B B R S OC R . RER N PR A
S N T4 s | A g v ) S 5 T b5 B 8 BPicy & L 6
J7 1) 100 KL, B RIE 400 LR 2T,

D BRI & . #5554 bk 19 2R S2IR 21 9%
Rl APk 30 i FHIE AR -~ IROGZ KL 2 F£L 77 1] vl
FHE R FETE B Uy ) B 3 i S 2R SE AR (Fruit
vertical diameter, FV) 15 3L 4% 42 (Fruit horizontal
diameter, FH) ; [a] B 1 23 3 {43 50 D 4 F + B A2



59

FEAKAE 45 - TR R IR TR 2R B ZAE LT 5L

109

(Seed diameter, SD) 5 # 72 J& F (Seed shell thick-
ness, ST) il K5 BE ¥4 0. 01 mm, f& 5. % Ll B
S KA AT R B TR R SEORR AR LU AR S SR OE
8% (Fruit shape index, FS), 3 £ 52 H £ (YA kL
- ED 5 R 72 JR I H(E E o 25T T (Fruit
shell ratio, SR) , DI 52 B4 5 7 B4R 22 fEL A9 —
NE Ky B J7 JE B (Pericarp thickness, PT) , ¥ & N

0.001 mm,

2) i g . R RE A P I BB B PPk 3k 100
LT e R SR AT T 2R B A (100-fruit weight, FW) Il
FELFRERTEE 0.001 g, 84 10 W REFANHEIKIR
GRIL KL 500 g, & LK B TH VR TR S R HLEK
100 AL, FR & Fh F H RL BT 5t (100-seed weight,
SW) L EAHERE R 10 Y FRIERTE 0. 001 g,

T T T T T T T
L T —H42° N
® KA Location of sample
U I EESAX Limit of major distribution
- < 1
/
\ P
> / \ {39° N
/ - R \
, Jingxing v
IJJ ﬁ 3 A
[l » Shanxi l—ijtilgi 1l FH M Qingzhou
Shaanxi { Boshan e® 5
= i .‘/ﬁ‘ﬁ Yiyuan d36° N
S - i 7R /
-
| FH 3% ~ . Shandong ,
/ T PFH Qianyang angcheng
° , ’ =
1 o Mk ’
Yangling e Ik
— Lyshi B
- A r Henan —33° N
/
\
N
- —30° N
5 JE
OO %han
T
b\, 200 Jiangxi
_\/\‘/JI_I km 2 7o N
| ] 3 ! ] ey ]
105° E 108° E 111° E 114° E 117° E 120° E 123° E
Bl 1 BRI X SRR SR B R
Fig. 1 Collection localities of seeds and fruits and natural distribution of C. walteri
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Table 1 Geographical and related ecological factors and distribution of the sampled populations in C. walteri
BEEE HEOD ZEE)  dER/m o, Average temperature Distribution L
Population Latitude Longitude Altitude Annual AR 1H 7 H characteristics Soil
precipitation Annual January July
s M G N
= = 34°17" 108°04' 514 660 12.9 —0.1 26.6 Juik PRI
Yangling Lump Brown soil
) (CEA: g3
Al # 33°52' 111°06' 1172 622.3 12.5 —9.0 25.0 FE Cinnamon, yellow
Lushi Spare .
brown soil
Pl = 36°31  117°48’ 130 694 12.8 —3.9 25. 6 IR FRAEL 1
Boshan Small lump Brown soil, cinnamon
] I i 2 JaE
Tl = 2 36°00' 118°22' 442 698. 4 11.9 —3.5 25.2 E bR
Yiyuan Larger lump Brown soil
== ) TS 2ot N
T = = 36°36' 118°13' 256 641.3 13.1 —2.2 26.5 Bk FRAEL 1
Qinzhou Lump Brown soil, cinnamon
A \ 3
;ﬂl i 37°52' 114°08’ 602 530 12.8 —2.6 26.2 i . i
Jingxing Larger lump Cinnamon
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4% 1 Continued table 1
KRR/ B/ C Average temperature ST
N HEN)  ZEE) #E/m mm Distribution R
Population Latitude Longitude Altitude Annual AR 1H 7H h ) S Soil
precipitation Annual  January July characteristies
Wik = 35°20' 112°10' 1475 738 9.8 —14.6 28.0 Juik ,ﬁi
Yangcheng Lump Cinnamon
& , . E A
il 29°29 115752 1100 1917 1.0 4.6 21.9 - It&i L .
Lushan Spare Red soil, yellow soil
T # oqr! one ! o INHER BRI 1
Qianyang 34735 107°05 1082 627. 4 11.8 1.6 24.5 Small lump Yellow brown soil

E: 2 #2009 F1 2010 4F 2 KR AN TS REDR L # 0 2010 AERANREA

Note: The populations with # # were collected both in 2009 and 2010, those with # were collected in 2010.
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Table 2 T-test of morphological characteristics of seeds and fruits among 3 populations in C. walteri
GELS AR/ mm R JE B /mm it F B A2 /mm i 52 J& B/ mm ST
Population FH PT SD ST SR
¥ ¥ Yangling —1. 640 0.579 —3.367" —4.267" " 1. 647
Ui Yiyuan —2.952 —0.504 —4.511*~" —4.066" " 1. 947
M Qingzhou —0. 207 0.425 —1.152 —1.769 1. 750

W RARTE P<0.05 K F LR BE, " £RE P<0.01 KFLEREE., £33,

Note: *

ble 3 is the same.

2.2 MIWEEEHRBER (M ERKFNTE
S
X7 A T DR B o S IR 2 AT SR ST 22 0y
AT F 5 B DRl S P DR A A A ) B AR AR 1 ) 2 S 1
BRI 3. R 3 FTLAE M7 DR SR TE TR
[F1) AR A DAY ) 22 5 4% 3K B R I 35 K L A Bl T
HARTERER M B9 22 S AW . Jr 220 B 45 SR R W

represents significant difference at P<C0. 05 probability level, * *

represents significant difference at P<C0. 01 probability level. Ta-

TR ) Bl S MR A T8 R TR TE R DN 38 J2 T A ] L 25 4
TET 12 22 53X 55 H AT PN 25 38 X R 2 B0 4 b 5
MOIR F A L REPE R e 45 2R — 280 R
PR A T5E T AR A 1] 5 10 O PN A R At Y 22 5 L 5 5T
HFR B 22 5 A O X BB 198 S O I R 2 Y Y ok
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Table 3 Variance analysis of morphological characteristics of seeds and fruits among/within populations in C. walteri

ek 757 Mean Square F {4 F value
Trait HEAAR ] RN 2 BRI 2N
Among populations Within population Error Among populations Within population

KR FH 65.177 6(6) 6.859 8(203) 0.594 5(6 090) 9.50" 11.54"
RELYPL FV 47.460 3(6) 8.306 0(203) 0.749 4(6 090) 5.71%* 11.08" *
BRI FS 2. 147 4(6) 0.134 8(203) 0.019 1(6 090) 15.93" * 7.05% %
W JERE PT 9.505 2(6) 0.917 9(203) 0.070 1(6 090) 10.36" * 13.09" *
¥ H A SD 48.614 6(6) 35.575 3(203) 1. 224 9(6 090) 1.37 29.04%
SEAEH SR 534.337 2(6) 44,027 1(203) 4.093 8(6 090) 12.147 % 10.75" %
FhFeJEBE ST 2. 440 7(6) 0. 354 9(203) 0.039 0(6 090) 6.88" * 9.09" *
B AR FW 2 342.483 7 (6) 134.651 1(203) 0.413 2(1 890) 17.40" * 325.87" "

AR PR AR A .

Note: The number in parentheses represent degrees of freedom.
2.3 ERMIMEREERFE
2.3.1 B¥MEL % Erkd XK [A) BT AR S
PEARIIME ) 2 B (R O AL, BRI B S &5
FROETERE AR AL A7 70 2 25 22 5% 0 SROSCTH R Fh 1
[ERAE SX PANERHIFHREN 70 35 &/ NS ] RN AN = 4
SRR A LT R IT: [ de L 78 R A [ R/ s SR

SEGNAR g AR AL T LA AR R A P R R T R /D 5 2R
A5 B AR R D A AL R T L JE S B i/ s 2R 2 J8
JE LA AL T R e R 74 1 788 7 /D 5 DU A A 8 )
T EAR R R AR ACHER T L /)N 5 7 J5 R D g R O L
B AR AR RE AT M /D 5 276 e LA O d KL
T R/

R4 ERINRAHGCHIERNBENREE

Table 4 Mean value and standard deviation of morphological characteristics of 9 populations in C. walteri

Tk W 7/ mm RS CrT FER I /mm AT L mm
Population FH FV FS PT SD

¥ % Yangling 6.741240.739 be 6.698+0.733 be 0.99840. 089 be 0.85740.271 ¢ 5.00740.486 a
F5 G Lushi 6.247+0.525 d 6.209+0.535 d 0.997=+0.097 be 0.815+0.270 ¢ 4.59940. 471 def
1111 Boshan 6.257+0.554 d 6.928+0.608 a 1.111+0.092 a 1.059+0. 234 ab 4,47440. 465 f
Yri& Yiyuan 6.794+0.643 b 6.713+0.662 abc 0.990+0.075 ¢ 1.01840.245 b 4.7182£0. 373 bed
M Qingzhou 6.641+0. 657 be 6.732+0.611 abc 1.019+0.092 be 1.030+0. 262 ab 4.628+0.471 cde
1% Jingxing 7.01740.448 a 6.664=+0.713 be 0.953+0.103 d 1.105+0.232 a 4.63040. 285 cde
BHI Yangcheng 6.664+0.535 be 6.832+0.702 ab 1.029+0.107 b 0.99740.238 b 4.75540. 374 be
Ji 1l Lushan — — — — 4.816+0.424 b
T FH Qianyang 6.55940.379 ¢ 6.597+0.290 c 1.007+0.023 be 1.012+0.163 b 4.50940. 216 ef
SF- ¥4 Mean 6.62240. 646 6.682+0.688 1.015+0. 105 0.98340. 269 4,68940. 451

I F 52 L /mm STk AR/ g AR/ g

Population ST SR FwW SW

¥ ¥ Yangling 0.8604+0.186 b 8.15141.807 d 22.38945.216 a 8.2114+0.119 a
F5 G Lushi 0.804740.178 be 8.111+1.827 d 15.103+1.566 e 4,68440.148 e
1# 11 Boshan 0.72740.180 de 9.630+2. 465 abc 15.114+2.054 e 6.7844+0.143b
JriE Yiyuan 0.72940.174 de 9.733+2.222 ab 17.548+3.719 d 5.751£0.177 ¢
#H M Qingzhou 0.70540.233 e 10.157+2.476 a 18.035+4.700 d 5.75840.132 ¢
H % Jingxing 0.74340. 156 de 9.6124+2. 235 abc 20.90442.281 b 5.858+0.022 ¢
BH Y% Yangcheng 0.77940.169 cd 9.084+2.271 be 19.73044.029 ¢ 5.436+0.086 d
J 1l Lushan 0.944+0.227 a - - 6.76540.214 b
T Qianyang 0.741740.074 de 8.950+0. 810 ¢ — —
S Mean 0.76640.192 9.21142.320 18.40344.432 6.15641.020

T — AR 2 B0 B S0 B H v B A Bl S48 AR B9 B 0 A ST B, 3R 5 I [ 50 B S AR R [ R AR 2 e 3 (P <

0.05),

Note: —represents morphological characteristics data of seeds and fruits that is not investigated, meanwhile, the table do not have counted

those data in mean of each of traits, Table 5 is the same. The column data marked with different letters indicated that significant

differences(P<Z0. 05).
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RS R B T 45 A 1T L PR A 9 B B
AT B0 A 36 0 R (10 B0 AP L B bk
PRAI SR S S M S (52 5) JE T, B
52 L RS TSR R B 75 R A T 3K 25 %
Fe At A PR A 5 L 5 D bR 5 5
Sy T 1 B R P RS A B L TR T B
SR FHR N AL 9. 61% . AT TR T 1 7% 8 3L i

PER B R P o 8 0 X 45 AR S AR AR S5 3R B
P S AT X6 L & B T N A 2 AR 1 OF 4 AR
SRR (16, 61%,15. 61%0) , H 15 1 34 48 57 Fe /b
(12.30%) , [RIASF o Bf A [ B AE A4 PN S [ b 52 otk 2
SRR BHRIA — B0 H g v BRI R 501 42
A S ZOBOH B A AR AR K (10. 96 %6,10. 95 %) o 1 B
LT e/ (1. 506 o 5 7 JE B 2 A e B R A K
(RN R S S T NIUE R NS UALIR 7723 X ENIUE 73
JE R 7L S SR 5 i R S O S8 S i R R R
PG A L 2 JEE 3 RN b A Jo o 7 S A A LA A R K
(33.13%,3.16%), H# 7 H & M7 5 % K
(10. 23 %) , T A 2R o1 4 A48 5 40 e /1N (10, 37 04) 33X R
e T 5 EC R AR 1 SR R RR 7 AR B 1) P R AR S 1) R
ST N AR BT B R R e R R A S R B LA R
A Ak 26,06 % F1 33. 06 %, 3% 13 BH 3% B 1A R
S N NS R DA X o o | B 2
RIEBE LR ZABESEFAR D R K (CV =
10. 85 %) o 1M 5 12 JE2 B P 7 AR L b e TR B AT AN
(CV=21.02%, 6.16%, 21.03%).,
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Table 5 Coefficient of variation of morphological characteristics of seeds and fruits of 9 populations in C. walteri
REIK AR5 R H/ 0 CV v
Population Raife RLHr BBl REREE Mraf MoCEE Gtk ARmE ARRE Mean
FH FV FS PT SD ST SR FW SW
# % Yangling 10. 96 10. 95 8.94 31. 66 9.71 21. 64 22.18 22.99 1. 50 15.61
9 Lushi 8. 40 8.61 9.73 33.13 10. 23 22.17 22.52 10. 37 3.16 14. 26
1# 101 Boshan 8. 85 8.78 8.24 22.11 10. 40 24.75 25. 60 13.59 2.11 13. 83
B Yiyuan 9.46 9. 86 7.54 24.07 7.90 23. 80 22.83 21.19 3.08 14.42
M Qingzhou 9. 89 9.07 9.07 25.48 10. 18 33.06 24.38 26. 06 2.29 16.61
k& Jingxing 6.39 10. 70 10. 85 21.02 6.16 21.03 23.26 10.91 1.53 12. 30
BHIE Yangcheng 8.03 10. 28 10. 45 23. 86 7.87 21. 65 25.00 20.42 1.58 14. 35
JA 1l Lushan — — — — 8. 81 24.01 — — 3.16 —
T FH Qianyang 5.78 4,40 2.27 16. 15 4. 80 10. 01 9.06 — — —
¥ Mean 9.75 10. 29 10. 31 27.42 9.61 25.03 25.19 24.08 16. 58 17.58

TE T FUREGR TR AP e 550 o BRI 3 R BB/ AEUR 2 M 45 VIR A SF B 4558 AP BRI N & PR ) AR 22 R i B %

Note: Because the sampled fruit number of Qianyang population was small relatively,so the CV was small, but those won't affect the average

results for erch trait, they were only as a reference value of difference variation between characters within populations.
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FEBOH B 25 e /N A g 1. 39, SR 25 B R MR
R S5 L RVE ST 4350 32,51 1 28. 96 g, i
— 25 XoF B X 2 AT R A 0 TR D R i A S
FEZ BRI A — B0 AU SR SR AR A e R
B—B A0 575 M 2228 b K, ARk /i
TR Ry o I A5 B 3 2 A T TR R T 0 22 1 A S 1
548 5 R B W) A IR 5 W) — MR 7

FERIAI AR AL AR K A M E M 22 50% , Hp &
MBERA 3 MR (SD.EW ST i H1 XF 4% 22 35 35 5]
T 90 %6 LA I i - 1 DX A SR 52 A A28 4 X i 22 T S
IKF] T 10020 . 0] WL M1 H: 2 B 440 5 43 1 IR 14 B
i AR SRR AR . R RT DUE S A2 45 b XORE AR s
1 Te PR 5% 25 5 109 52 ) 25 bR TR A i) ) i ity A8
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Table 6 Relative extreme value difference of seeds and fruits characteristics of 9 populations in C. walteri
P MR %/ % Relative extreme value
Population ki RV REREK REEE S FMTFER MREE ST HARBUE AR
FH FV FS PT SD ST SR Fw SW
¥ % Yangling 88.01 71.53 54. 64 67.62 47.56 71.01 36. 68 79.43 0.37
Fi & Lushi 63.62 56.12 88.10 73.45 55.75 55.07 38.78 27.70 0. 80
1# 111 Boshan 60. 57 55.57 46. 08 43.03 55.23 45. 89 45. 20 30.18 0.53
JrE Yiyuan 93.09 53.09 49. 88 64. 40 44,25 47. 34 38.25 53. 82 0.78
H M Qingzhou 88.01 60. 25 46. 60 78.12 95. 82 94. 20 59. 84 94.58 0.58
JF% Jingxing 54. 27 100. 00 75.91 62.92 28.75 56.52 93.18 37.37 1.71
BHI Yangcheng 71.75 44,02 48.13 39.90 39. 90 63.29 81. 89 53.39 0. 40
Jii 111 Lushan — - — - 40. 77 54.11 - — 0. 80
T-Fi Qianyang 24.18 13. 96 1. 80 14.43 11.14 14.30 9.57 - —
o 4.92 7.27 1. 39 2.89 5.74 2.07 32.51 28.96 —

Total extreme value

TE : — AR A B RSB  H P AR SE 98 AR 19 SOTH I 38 A 8T B0 5 T BH A A iy T SR i i e /b TRL M A X A 22 28/ - ANAE gl IX

WNEMREERBRERERS S,

Note: —represents morphological characteristics data of seeds and fruits that was not investigated, meanwhile, we did not have counted

those data in total of each of traits. Because the number sampled fruit of Qianyang population was small relatively,so the R;' was

small,but those won’t affect the average results for each trait, they were only as a reference value of difference variation between

characters within populations.

2.4 ThEWEEREEHRBEEHRESL

R TR AAR 18] 1 3 £ 78 St RS A 9 7 B X

FISME RIS B R B B FORBE 22D TR0 S0 L 3 A MR 1007 2 4 REALIR 159

AR ] 74 S5 oty 388 A S S BT 20 L S I A T 3R R
I AE B DR/ AR R 2 AR A ] ) 382 1 e
®7

Ay R S )L SR R T

ERFIERNFESERBEEA (R NREIURY

Table 7 Variance portions and differentiation coefficients of morphological characteristics of

seeds and fruits among/within populations in C. walteri

T 253 it TR E I/ % E3ipiia
Variance portion Percentage of variance portion 28/ %
PR i XENE] JE N ima A ) REIA N . Differentiation
Trait Among Within ch Among Within ;i)\ coefficient of
population populations gt;o)r population populations (;ro)r phenotypic
(D) (D) ¢ (Pyy) (P ‘ traits Vsr
R (R FH 0.064 8 0.208 8 0.594 5 7.46 24. 06 68. 48 23.68
RIYME FV 0.043 5 0.2519 0.749 4 4.16 24.11 71.73 14.73
WRILFE % FS 0.002 2 0.003 9 0.019 1 8. 86 15. 29 75.85 36. 70
WRIZJRE PT 0.009 5 0.028 3 0.070 1 8. 84 26.19 64.97 25.24
M7 EH1% SD 0.014 5 1.145 0 1.224 9 0.61 48.02 51.37 1.25
L5E SR 0.544 8 1.3311 4.093 8 9.13 22.30 68.58 29. 04
Fhse B E ST 0.002 3 0.010 5 0.039 0 4,67 20. 29 75. 24 17.97
AR FW 7.359 4 13.423 8 0.413 2 34.72 63.33 1.95 35.41
SE-14 Mean 9.81 30. 45 59.77 23.00

I 7 AT LLE L8 AR U 254y & E 4
ME AR AR (] /) 7 22 43 B VR R 9. 8104, 7E
FEUA N 1 J7 22 43 02 o7 B A8 1 30, 45 %058 AN S bk
ARFF A 1] 1) AL S0 fL R BOR 1. 2590 ~36. 7004, K
T R 8 BOR R Ak R BURR B AR R AL b
FBUR /NG A TR BE AR (8] 19 OF 3 R B A R
23% .29 5 AR 1/5, 3 U B B Ak A Sz R IR A B
RN AR R T REAR A AR S, Sl T AR 3t 1% 5 0 5%
28 BN 5 4 G R M HLE I R I R B 25 L 2

AT PR BT K 09 3 6 1) 45 L O RO Ak i R R
L HR T R AR ) 0 AR SN TR A N AR S E SR )
OyAGRE P L TE A [R] AR S 0 O E B DR OB R T e B
5 B B S A 1 R T B e N R T G R A
JRGHR A0 5 H AR AR A L L TR AR (] A 3 B 4y
1 R BUE A IKOF AR Tl AA Y (V, =51.86 %) Al
FEM™ (V. =45. 76 Y0) , i &5 T 5 AR R E A
(Vo =6.44%,11. 1907, J4 K 3. B bk b w4 1
FERE W » A6 K53 B BORE BOR L DL AL 0 o 32, B A
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3 7 A E AT 5 A% A0 R R AR X A L Xt 5 AR
(¥ 2 70 73 Ak R RO AT & » B 1 RE A A A S5 7 2 A
PANGOES T
2.5 TBHRMEIMERENEXXR

Xt T B Ao 52 2 TR PAIR [8] B9 #H 5C 3 B 45 R (36 8)
R R ZBER Z A7 2 3 B R e . v
SR AR 5 R A IR S L A G R R
O 0. 824, i T 2 i H SR SR AR AR A ) 1 e T SR

Jo 114 T B A 4R A 5 S5 L ) 5 R e TR R A
A& (R=—0.863" ") .1 5 R IR
5 5 10 B P 8 T B AR G T AR SRS AR AR S R, X
5728 5 RBOR W 45 R — 3. HAh R SRR AR
[F) e 3 s LA 0 0 AH G L (R AE O RBOE R
Koo B MR B AH 56 6 R R e T R SR K R
&R A 25 S AL E R R B AR AT

RS EHIEKBENEXRH

Table 8 Correlation analysis of seeds and fruits characteristics of C. walteri

LN [EE e P Rtz RILHE 5L R R b7 B2 5 SR i JiFe
Trait FW FH FV FS PT SD FT SR

HARPE FW 1

KSR FH 0.824 %~ 1

RIEHPRFV 0.533%" 0.540* 1

RIBHE FS —0.252" %  —0.421" " 0.534" " 1

REEEPT 0.594" " 0.517" 0.415**  —0.079 1

7 HAE SD 0.425% 0. 603" * 0.702% 0.156" —0.171% 1

Fih 7 JEJE (ST) 0.399" * 0.308" * 0.183* —0.116 0.380" 0.023 1

56 (RS —0.056 0. 105 0.226" " 0. 144~ —0.174" 0.358"* —0.863" " 1

v o ORI E M (P<<0.01), x F£RBEFEME(P<<0.05), £ 9,

Note: * * represents very significant correlation at P=0. 01 probability level, * represents very significant correlation at P=0. 05 proba-

bility level(P<C0. 05). Table 9 is the same.
2.6 FEREBEEFMIEROBERSN
WA 8 AP S IR CEORE BT 28 R 0 ) o 6 Bl B

PEATRE D Hr AR WA 2,

WX B #E B Euclidean distance

0 3 6 9

12 15 18 21 24
1 1 1 1

TR
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Fig. 2 UPGMA cluster based on the morphological characteristics of seeds and fruits of 7 populations in C. walteri

PARR [GBE B 12~ 15 S BB I . 7 A~ B AR HE AT
B3 K. u SR MO 12 xR SR
(ERNER 08 o LN LE SN S e R NITTR L
T KL S 0N o [ IR 2R A A R S A R R
DL, 2 X O BRI AR X . R T R O 1

Je HOR SRV T A i Rl T ELAR 2 AR DN B
HARESER ., HIM TR N 3 28 % KR T
PR R B BRE . BRI 3 X A2 et Joy 5 AR
F10 3t B B B 5 R B AR L 2 U g R Y 0 3
S5y o A B D — A GRS AR AR 1) A
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PR R 28 5 23X R WT B bR ) 100 G REVRR op O JE A
A R PR AT ] M0 25 s R 2SO0 M 2 2R S e S

B L K 22 50 b sz MR 5 b B A S BT TR) 9 R OGS
KAUE 3 AR 45 (FT.PT.SR) 5 B A4 245 A
FA A o RS R B NN S 4 R A

R 2 H LRSS R R — B
2.7 ERMIUREREHSKIEFRHXR

FHAMK(R=—0.892" ") , W 5K B A7 35
KK R (R=0. 787" ) LR JE B 5 45 i Z 8] A )
SEEARAN B A SN 7 E — Lr HAY WE WA (R=0.808" )5 SE5¢ L 15 £ Al 4 &
SRR S H AR TR KRR BRGEOR A REMCMEMR=0.815",0.850" "),
R9 EBHRAMIEREESEFENBEXSH
Table 9 Correlation coefficient between phenotypic characteristics and ecological factors

ER I EET

=N AT VEL
X & E235°3 5213 A K Annual January [REREL
[N . : . Annual July average
Latitude Longitude Altitude L average average
Precipitation temperature
Temperature temperature
B FHA4 SD —0. 409 —0.22 0.059 0.331 —0.124 0.514 0.048
R FT —0.892** —0. 266 0. 468 0.787* —0.651 0.575 —0.549
R HEE FH 0. 481 0.024 —0.226 —0. 334 —0.061 0.607 0.319
WY % FV 0.538 0.418 —0. 359 0. 453 —0.177 0.674 0.519
RIL4E 5 FS —0.002 0.303 —0.086 0.606 —0.047 —0.068 0.107
R JEREE PT 0.808" 0.422 —0.283 —0.166 —0.051 0. 439 0.031
SE58 H (SR) 0.850" * 0.815" —0.532 0.007 0.093 0.249 0.112
HEFE FW —0.088 —0.504 —0.033 —0.209 —0. 101 —0.241 0.595
5 R  SW —0.226 —0.232 —0.351 0.241 —0.133 0.623 —0.097

3 dhig it

3.1 EMMEIMERTERFE

T T R Fhis 4578 7 R P =, )2 5
PR R R 58 4% O 6 R 0 JH 0 45 R . BRI Ty
FHA RN 2300 BEAR (0] 42 5 /N F B4R g A2
5o Hp R R R RS R BB
(Vsr=36.7%,35.41%) , Uk BHIX 2 AHfRAH 6 F H
by P R R B A T A o 1) R B o AR 5 I R L
BB R R BN (Ve =1, 25%) , BEIR R 30
Fasg ., MoctREMALRBNER KM, i
AT il H R A ) b 2 B 2 R0 R B A R TR AS R
AR (] e R B8 A8 1y JL AR L % Y WS A A X
L R (0 TR R AR AIE 5 55 — T Tl s O[] e A
PEAR 32 A [R) 35 R 700 s o Be 28 B0 T AN R AR R ) 3
Ry A 22 S0 X T R R S M bR AR SRR AE 9 43 A
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FREEREA AN 7 B R R AR A /N, 3 1
B B Bl SR S 11 45 4 P bR A SR 2 O TR AR DA X
T X AT RE 5 MR AR E) B R BE AN IR A OG . o
AR AT XT L & B o B BRAE AR ] PR b 52 PR R 22 88
KEFRA BB W E R ARE. ULy
BT 2 W, B DRl 2 4 s 6 TR A ) RRE AR o8 2 A 3500
AR SRR P R oE R R R SEae b SRR
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AR R 5 R SR R R SR A AR S R ORI

3.2 EBHRMIMNRNERNE

A 2o Ao SR AT S A A B B R S R AR
A BN OI B R . My B R 5 57 L DL K
RS A R I (AR OGP R X TR
S AR AT IR O B iR R Y EE B4R A T R e
oy b TR BRI A L JRE SR R SE A AR GE L A
T ¥ 582 ) 55 S5 5 9 4 5 S5 He R 2R S8 AR S Bl o
JE 2 A FO AR B e 7 SRS b AR AL AR FR A /N L AR
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X A e ) A S AR R — B Oy e R e i I R 2K
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B i W 1 TR B AR 0 A 0 AN I S PRI SR S L X
F1% 1ty P 5 AR T RE 3 ol PR S8 U KR A L TR B R
[F) B A ) 6 Oy = o f) Fif S2 e AR AR St S 40 A
S5 B bR A KR 23 B 5245 A5 5 A 25 I A Y
FH AR I AN SR 30T B R 77 B st AR RO A G A
S 1Y) 6 R R DR R M A 7 T ALk 9 R BR T 26 F AN
HAFBIER . 5 B[R] 38 23 b S P AR S B —
TE (B0 P A A L « B 205 2 AR 185 Ao e 228 S T
SR B AR JEE T S 5 be T B IR £ B R 8 X 1] AR
A He s [ I Aol rc TS A 5 R K R A I 2 DR AR R
P 3X — U5 NP YRS R R I B S A R —
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