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Phenotypic variations in cones and seeds of natural Cupressus chengiana populations in Chi-
na. FENG Qiu-hong' , SHI Zuo-min** , XU Zheng-jing-ru'*, MIAO Ning*, TANG Jing-chao®, LIU
Xing-liang' , ZHANG Lei’ ('Sichuan Academy of Forestry, Chengdu 610081, China; *Institute of
Forest Ecology, Environment and Protection, Chinese Academy of Forestry/Key Laboratory on Forest
Ecology and Environmental Sciences of State Forestry Administration, Beijjing 100091, China;
*Chengdu University of Technology, Chengdu 610059, China; *Ministry of Education Key Laborato-
ry of Bio-resource and Eco-environment, College of Life Sciences, Sichuan University, Chengdu
610064, China; ’Research Institute of Forestry, Chinese Academy of Forestry, Beijing 100091, Chi-

na).

Abstract: A total of 13 phenotypic traits from 11 natural populations of Cupressus chengiana were
investigated by using nested analysis, variation coefficient, phenotypic traits differentiation coeffi-
cient, and un-weighted pair-group method by arithmetic averages (UPGMA) cluster analysis. Phe-
notypic variations among and within populations of C. chengiana were discussed, the relationship
among phenotypic traits and that between phenotypic traits and environmental factors were analyzed,
and the 11 populations were divided. The results showed that there was significant difference in phe-
notypic variation both between and within populations. Variation within populations (49.7% ) was
greater than that between populations (28.6% ). The mean coefficient of phenotypic differentiation
between populations was 43.4% suggesting the differentiation between populations was relatively lar-
ger. The average variation coefficient of cone mass was the highest (37.2%) , followed by seed mass
in single cone, and that of cone length was the smallest (8.0% ) indicating the cone length was the
most stable phenotypic trait. The phenotypic diversity was greatest in Kangding County and smallest
in Wudu County. The mean annual temperature of the hottest month and mean annual precipitation

of growing season were the main environmental factors on phenotypic diversity in cones and seeds of
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C. chengiana in the study region. According to the 13 phenotypic traits, the 11 populations could be

divided into two groups and three subgroups, which showed how C. chengiana distributed in three

watersheds. Phenotypic traits in cones and seeds of C. chengiana populations were the best in Dadu-

he River watershed, and those were the worst in Minjiang River watershed.

Key words: cone and seed; phenotypic trait; environmental factor; natural population; Cupressus

chengiana.
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Fig.1 Sampling location of Cupressus chengiana populations.
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Table 1 Geographical and environmental information of sampling plots for Cupressus chengiana populations

i A i G ik R PR,
Watershed Site Latitude Longitude Altitude Mean annual Mean annual
(m) temperature (C)  precipitation ( mm)
URYT. B Lixian 31°24'14" 103°08'02" 2100 10.0 632
Minjiang B Wenchuan 31°25'59" 103°30'11” 1533 13.1 743
River 1% H Maoxian 31°38'25" 103°48'22" 1700 9.7 581
K /R BE Maerkang 31°54'16" 102°0213" 2500 7.8 764
Daduhe 41| Jinchuan 31°48'24" 101°53'05" 2300 8.8 743
River /% Xiaojin 31°01'43" 102°14'17" 2200 9.6 678
#+2 Danba 30°42'01" 102°03'10” 1800 11.9 628
FfE Kangding 30°3933" 102°02'56" 1750 11.9 627
BT H A Wudu 33°31'30" 104°41'21" 1100 11.6 576
Bailong FHifl Zhouqu 33°52'46" 104°07'10" 1600 7.4 537
River SCH Wenxian 32°47'31" 104°49'23" 1100 11.7 590

REFTE AR T B K R R
FRICH 7B AT TR, e 13 AP s
FERUHR BRI B9 K | 9 0 b R RO AT I RS
&R 0.01 mm ; BREL 5T A H ORI R N
0.01 g, BEFRRBEHLXT 100 ki1 0EF7FR & s
BCTRLE BB S W, BOF- 348, Tk 8 ok B R
0.0001 g.
1L.3.2 %5 KT  FlH Climate-China ( V4. 4) X}
1961—2004 4F-[) PRISM a1 7F4 RUBE AL B, $2 1
R b B A s T A ) RS0 R B R A
SRR R K & AR e A A AR
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1.4 Bt
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Table 2 Geomorphic information of sites and information
of investigated seed trees in Cupressus chengiana popula-
tions (n=20)
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Table 3 Variance analysis of phenotypic traits in cones and seeds between and within Cupressus hengiana populations
FRMER )75 Mean square F {4 F value
Phenotypic trait FpEl FBE BBl FlBE] B
Between Within Random Between Within
populations population error populations population
R K Cone length 2.64 0.36 0.02 43.38" " 1559~
ERILFE Cone width 1.47 0.26 0.05 1897~ 499"
BREAK B 1 Ratio of cone length to cone width 0.13 0.03 0.01 8.14* "~ 2.69**
BRI JE K Cone perimeter 20.28 3.10 0.14 40.37" 22.85" "
BRI Cone mass 32.57 6.24 0.22 30.28" 29.06" *
BRI B FREE%L Number of total scale per one cone 22.03 3.27 0.62 2437 530" "
BRI MR8 Total seeds in single cone 12648.01 799.15 217.71 60.16" * 3.67%F
BAANTR B FT T it Seeds mass in single cone 0.12 0.01 0.01 20.97** 2.68" "
7K Seed length 5.15 0.37 0.10 45.50* " 3.82" "
FF-9E Seed width 5.22 0.45 0.16 28.54" 277"
11K 5 L Ratio of seed length to width 0.19 0.04 0.02 7.97** 1.81**
T FJEIE Seed thickness 1.69 0.12 0.04 40.28" " 3117
T TRLTE Thousand-seed mass 9.39 4.82 0.36 2991 " 13.36 *
# P<0.05; * * P<0.01. ] The same below.
x4 IRITHMRATHEERR MR
Table 4 Phenotypic traits in cones and seeds between and within Cupressus chengiana populations (n=100)
Fivi HRAEK BRRE RAE ECRAK BECRETE BRSO BEORE AERR APk RSt Fy o FTEE AT
Popula-  Cone length ~ Cone KT Cone Cone T R R FRUE Seed Seed Kt Seed ThiHE
tion width Ratio of  perimeter mass Total Total ~ Seed mass  length width Ratio thickness  Thousand
cone scales seeds per  in single of seed seed
length per cone cone cone length to mass
to width width
I 1.59+ 1.48+ 1.08+ 6.04+ 1.85+ 9.35+ 39.57+ 0.18+ 4.16+ 3.54+ 1.19+ 0.37+ 0.51+
0.22de 0.17¢ 0.11b 0.61d 0.56d 0.90cd 7.67he 0.06d 0.29d 0.39¢ 0.18b 0.15¢ 0.05b
Il 0.35+ 1.30+ 1.05+ 5.45+ 1.4+ 9.07+ 41.13+ 0.09+ 3.62+ 3.23+ 1.14+ 1.17+ 0.22+
0.19h 0.18¢ 0.11b 0.55d 0.48d 0.85¢d 7.57Tbde  0.02e 0.33e 0.41de 0.15cde  0.19%¢ 0.01d
| 1.48+ 1.42+ 1.05+ 5.71+ 1.81+ 9.06+ 49.40+ 0.19+ 4.23+ 3.40+ 1.26+ 1.36+ 0.39+
0.22efg  0.19¢ 0.10cd 0.66d 0.62e 1.08cd 9.10d 0.04cd 0.31cd 0.36de 0.16a 0.22be 0.05¢d
v 1.83= 1.71+ 1.09+ 6.73+ 2.88+ 9.67+ 58.63+ 0.26+ 4.19+ 3.55+ 1.19+ 1.25+ 0.45+
0.26be 0.26a 0.15abd  0.73be 1.05b 1.03b 11.85¢ 0.08a 0.37d 0.39¢ 0.14be 0.18¢ 0.04be
\ 1.95+ 1.80+ 1.12+ 7.06+ 3.37+ 10.20+ 57.21+ 0.26+ 4.19+ 3.55+ 1.19+ 1.27+ 0.48+
0.23a 0.57a 0.17ab 0.54a 0.90a 0.81a 14.72¢ 0.09a 0.30d 0.39¢ 0.15b 0.19d 0.05b
VI 1.82+ 1.63+ 112+ 6.70+ 3.00+ 10.13= 65.0+ 0.28+ 435+ 3.68+ 1.19+ 1.27+ 0.51+
0.34abe  0.25ab 0.12ac 0.95abc  1.87abc  0.98abc  10.38a 0.08a 0.38¢ 0.45b 0.13he 0.21d 0.08h
VI 1.76+ 1.64+ 1.08+ 6.72+ 3.02+ 9.98+ 61.7+ 0.25+ 4.04+ 317+ 131+ 1.35+ 0.46+
0.29he 0.25ab 0.17abed  0.96abc  1.41ab 0.77a 14.6ac 0.07ab 0.32e 0.48¢ 0.23a 0.17¢ 0.04be
i 1.93+ 1.68+ 115+ 6.94+ 3.05¢ 1025+ 7258+ 0.23% 3.82¢ 347+ 1.12+ 1.25+ 0.37+
0.23ab 0.18a 0.08a 0.66b 1.04abe  0.89ab 33.76a 0.13ac 0.38e 0.46d 0.16e 0.18d 0.07d
IX 1.73+ 1.57+ 1.10+ 6.25+ 227+ 9.28+ 39.23+ 0.22+ 447+ 3.88+ 117+ 1.62+ 0.63+
0.19¢d 0.12abc ~ 0.08abed  0.60cd 0.64cd 0.83cd 6.45b 0.05b 0.33b 0.54b 0.17hd 0.24a 0.03a
X 1.58+ 1.54+ 1.03+ 6.06+ 1.89+ 8.81+ 42.79+ 0.27+ 4.69+ 421+ 112+ 1.58+ 0.66+
0.21def  0.22¢ 0.08cd 0.66d 0.80d 0.97¢ 6.52¢ 0.07a 0.34a 0.43a 0.10de 0.21b 0.07a
X 1.56=+ 1.54+ 1.02+ 6.07+ 2.09+ 9.11+ 42.30+ 0.27+ 434+ 374+ 117+ 1.66+ 0.64+
0.2lefg  0.17¢ 0.10c 0.60d 0.71d 1.02¢d 6.90be 0.05a 0.30c 0.30be 0.10bede  0.27a 0.06a

mﬁ‘]xﬁ?ﬁ%%%ﬁ%(l’<0.05) Different letters in the same column meant significant difference at 0.05 level. T [F] The same below.

BRI P MR AR TR 7 R AR
RIPRIR PR 2 R — 225, PR
2B N 12.5% 37.2% .9.7% . 21.5% 28.8% .
11.8%F1 10.2%. Horb  BRAR Brim i K, HOZ 3k
SRAh o i, R A T 5 5 i A /. i DA, BRA 5 K
SRR P d i, TER SR I R e MR 2 1 A
FIHE 13 AMPERIR 9T 3928 5558 13.0% ~ 19.4% , B E

WRYTAR AP R T 2 e i T, vl RERIR VAT
R Z2 R Y o T A, AR FRAE () 2 1 2 FE AR
JUE5Z(
2.3 URVEAARORFhRE ] o SR A S0 AL RRAIE

13 AR MR AE Tl 18] 1) - 35 Jr 22 4 1 4%
Hooh 28.6% ,FEEN N 49.7% , BF —E 57 (%
6) . KA REAE R N13.5% ~90.9% , FlF T
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Table 5 Variation coefficients of phenotypic traits in Cupressus hengiana populations ( %)

T BRAREK BRAESE BRI BRI ERE BERRE BB AR Mrk MrE ME ME o M PHME
Population  Cone Cone Ktk Rk e FhEEE R RAPF Seed Seed KFiltk JEE  FHRE  Mean
length  width Ratio Cone Cone Total Total i length  width Ratio Seed Thousand- value
of cone perimeter mass scale seeds Seed of seed thickness seed
length to per cone per cone mass in length mass
width single cone to width
1 14.0 11.4 10.2 10.2 30.3 9.6 19.4 32.5 6.9 11.1 15.1 11.2 9.9 14.8
I 14.1 13.5 10.5 10.2 34.4 9.3 18.4 17.8 9.1 12.8 13.2 16.3 6.2 14.3
I 14.9 13.3 9.5 11.5 34.1 11.9 18.4 18.3 7.4 10.7 12.7 15.9 11.8 14.6
v 14.0 15.5 13.8 10.9 36.3 10.7 20.2 31.7 8.8 11.1 11.8 14.1 9.0 16.0
\Y 12.0 31.7 15.2 7.7 26.8 8.0 25.7 35.7 7.2 11.1 12.6 15.3 9.7 16.8
VI 18.8 15.2 10.8 14.1 62.3 9.7 16.0 30.3 8.8 12.1 11.0 16.5 15.0 18.5
Vi 16.5 15.2 15.7 14.3 46.8 7.8 23.7 28.7 8.0 15.2 17.6 12.4 8.0 17.7
I 11.9 10.7 7.0 9.5 34.1 8.7 46.5 54.4 9.9 13.3 14.3 14.7 17.8 19.4
IX 10.8 7.6 7.3 9.6 28.0 8.9 16.4 24.0 7.3 14.0 14.5 14.5 5.2 13.0
X 13.5 14.2 7.8 10.9 42.4 11.0 15.3 24.8 7.3 10.2 8.9 13.3 10.4 14.6
XI 13.2 11.2 9.8 9.9 34.1 11.2 16.3 18.1 7.0 7.9 8.6 16.4 9.6 13.3
FHIME Mean 14.0 14.5 10.7 10.8 37.2 9.7 21.5 28.7 8.0 11.8 12.7 14.6  10.2 15.7

F6 IRIMREMERNAFESERFMHERIEMMLREY

Table 6 Variance component and phenotypic traits differentiation coefficients between and within Cupressus chengiana popu-

lations
TEIR WE-Vig i iR I R REL
Trait Variance component Percentage of variance portion (%) Phenotypic
FOREE O RRBES BABLIRZ:  RRER RRRE BBl differentiation
Between Within Random Between Within Random coefficient
populations  population error populations  population error
RS Cone length 0.03 0.07 0.02 27.3 55.9 16.8 37.50
BRATE Cone width 0.02 0.04 0.02 23.2 54.3 225 30.21
ERFAK FE L Ratio of cone length to width 0.00 0.00 0.01 11.9 35.6 52.5 13.52
BRI Cone perimeter 0.25 0.60 0.06 27.8 65.6 6.6 38.58
BR BT Cone mass 0.42 1.24 0.09 23.9 71.2 5.0 31.34
ERIE B FREL Total scalea per cone 0.27 0.53 0.06 31.3 61.6 7.1 45.50
BRI PR F2L Total seeds per cone 36.87 116.52 32.89 19.8 62.6 17.7 24.68
BAAER B it Seed mass in single cone 0.00 0.00 0.00 18.8 26.0 55.2 23.22
P71 Seed length 0.08 0.09 0.02 42.0 46.1 11.9 72.46
FhF 9L Seed width 0.08 0.10 0.03 40.7 46.7 12.7 68.52
FhF K FE L Ratio of seed length to width 0.00 0.01 0.01 17.4 353 47.3 21.08
T JEEBE Seed thickness 0.03 0.03 0.01 40.0 40.2 19.8 66.56
FhFTH. B Thousand-seed mass 1.67 1.56 0.28 47.6 44.4 7.9 90.92
-1 Average - - - 28.6 49.7 21.8 43.39

R E [ R IA R B K, HOE Rl T R BE M GE
BRI 58 HE A 2R B Al 28 B/ o A 1] - 24 2 72
IMERBON 43.4% , 1t IR YT HIAS [7) SR Fh e 18] b
TR G BRI 43.4% , RVFREE DY FRAR S 2
DR VT AR S SR AU AR S Y T2 BRI, FiAEE I 1) 22 R
FEE R T[]

2.4 WRVTAARPSEFRALPEIRE] A A5G &

MR 7 ATLAFE HY IRTTAA BRI BOR B8 BROR
KTEH BRI BRI B SR BOR B
T RO A BB 1 B A BROR PRAR 2 [E A7 7E
FMFCR R, HLAEARSE R 200 325 OB L Fek

RKTE L8] B35 A5G, A BROR AT R
BRRAC TG L B B 40 2 [ TG 2 35 A OGSE & A
A S L DI L B SO A 99 2 S R A S
TR ZAIFFAE R F ARG SC AR LATEARSE ) 32 Fif
TR TRCE L 3 IEARSC 5 A K g L Ao
FJR L A I UR S BROR MR 5 B 1 PR AR TR A AE
WFERMRICER LTSN 32, DO SR T80
P R S AR TR ] A IEATSR.
2.5 URITAAIORBIAE B AP SE R PEAR R SR
W 2 Fros  WRTTAARRE ] R RR PRI 50 1.6 ~
24.8, DL 10 SRR ECHES A9 B, 65 11 AR A
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Table 7 Correlation coefficients between 13 cones and seeds phenotypic traits in Cupressus chengiana populaitons

REK AR B AR e RRE HRE AR mEk M RE MTREE
Cone Cone K Cone Cone FhigERL AP FFRE Seed Seed K Seed
length width Ratio of  perimeter  mass Total Total Seed length width Ratio  thickness
cone scale seeds mass in of seed
length to per per single length
width cone cone cone to width
PRALTE Cone width 0.640 * *
FREK 5 . Ratio of cone length to width 0512%* -0242" *
R K Cone perimeter 0.882" * 0.671° " 025"~
HRRBERE Cone mass 0.837** 0.624%* 0230 0.895**
FRALE AL Total scalea per cone 0440 *  0.225%* 0.287** 0.466** 039"
BRGLEFIT4 Total seeds per cone 0296 " 0.198" * 0.144™ " 0294 " 0305 " 0.258" *
BAANRILF T 5 Seed mass in single cone 0.126" " 0.107* * 0.040 0.1277** 0.114** 0.046 0.555**
FFK Seed length -0.033 0.006* *-0.051  -0.026  -0.0600 -0.064 -0.126" * 0.384" "
FF5E Seed width -0.075 -0.032 0.0  -0.067  -0.116" " -0.101 " -0.187" * 0.246™* 0473 *
FhFHFE L Ratio of seed length to width 0.068 0.058 0.036 0.072 0.097*  0.066 0.111** 0.012 0.276 " * -0.697" *
FhF IR Seed thickness -0.144 -0.050  -0.153* * -0.112*  -0.127* * -0.150 * * -0.301 * *  0.079 0.418** -0.393** -0.085"
FiF-T-HiE Thousand-seed mass 0.236 0.118 0.214 0.169 0.052 0.039  -0352"* 0263 0592 0521" " -0.18 0610" "

x8 IRIMREMERERERFENEXRY

Table 8 Correlation coefficients between phenotypic traits and environmental factors in Cupressus chengiana populations

%73 EXPRIR EHEREA AR SRS ARE FHEKE EPER TR
Altitude  Mean annual Mean annual Mean annual Mean annual  (5—9 H )F%]J(E
temperature  temperature of temperature of precipitation Mean annual
the warmest the coldest precipitation of
month month growing season
ERILFE Cone width 0.360 * -0.167* -0.319* -0.010 0.320* * 0.388* *
BRI T8 L Ratio of cone length to width 0.233 " -0.157* -0.235* -0.062 0.216* * 0.276* *
FRF K Cone perimeter 0.196 -0.028 -0.135* 0.065 0.166* * 0.174**
R Cone mass 0.338 " -0.138* -0.292* 0.015 0.310** 0.381**
BRI EFEEL Total scalea per cone 0.302* -0.083 " -0.245" 0.071* 0.317" " 0.385* *
BRI EFPFHL Total seeds per cone 0.292* 0.017 -0.178* 0.174* " 0.297* " 0.331" "
BAAERILAD T i i Seed mass in single cone 0.311* 0.054 -0.210" 0.265" " 0.304 " " 0.378* *
Fh 7K Seed length 0.034 -0.110* -0.092* -0.092** 0.069 * 0.130* *
Pl F5E Seed width -0.087 * -0.403 * -0.156* -0.516** -0.357** -0.318**
FF K FE L Ratio of seed length to width -0.140* -0.289* -0.059 -0.411** -0.281"* -0.265"*
FhFJEJE Seed thickness 0.074 0.005 -0.049 0.046 0.004 0.022
T Tk Thousand-seed mass -0.439 " -0.016 0.256* -0.221** -0.482%* -0.450* *
R FE Cone width -0.260 * -0.379* -0.037 -0.570" * -0.568 * * -0.501 * *
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Fig.2 UPGMA cluster based on phenotypic traits of cone and
seed of 11 Cupressus chengiana populations.
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