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Abstract: Taking 18 natural populations of Taxus wallichiana var. mairei (Lemée et H. Lév.) L. K. Fu
et Nan Li as research objects, 5 phenotypic traits and 3 nitrogen and phosphorus stoichiometric indexes of
leaf were compared, the correlations among each trait and index and geographical-climatic factors were
analyzed, and cluster analysis of 18 populations was conducted based on leaf phenotypic traits. The
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results show that the variation ranges of leaf length, leaf width, leaf area, leaf perimeter and ratio of leaf
width to leaf length of T. wallichiana var. mairei are 2.32-3.00 cm, 0.33-0.48 c¢cm, 0.64-1.12 cm’,
5.43-7.03 cm and 0.14-0.17, respectively; the coefficient of variation of each trait is 12.79%-29.56% ,
among which that of ratio of leaf width to leaf length is the largest, and the differences are extremely
significant ( P<0.01) among populations and within population. The variation ranges of nitrogen content,
phosphorus content and ratio of nitrogen content to phosphorus content in leaf are 14.30-20.83 g - kg™,
0.96-1.61 g - kg™ and 10.62-22.28, respectively; the coefficient of variation of each index is 11.13%—
20.90% , among which that of ratio of nitrogen content to phosphorus content is the largest, and the
difference is extremely significant among populations. The average of percentage of variance component of
5 phenotypic traits within population (51.54%) is evidently greater than that among populations
(22.88%). There is no significant correlation of leaf length with ratio of leaf width to leaf length, but
there are extremely significant or significant (P <0.05) positive correlations among other phenotypic
traits; ratio of nitrogen content to phosphorus content shows a positive correlation with nitrogen content
and an extremely significant negative correlation with phosphorus content; ratio of nitrogen content to
phosphorus content shows a significant negative correlation with leaf length and significant positive
correlations with leaf area and leaf perimeter; leaf length, leaf area and leaf perimeter show significant
negative correlations with longitude, meanwhile ratio of leaf width to leaf length shows an extremely
significant negative correlation with maximum temperature of the warmest month. At the Euclidean
distance of 15, 18 populations can be clustered into 2 groups, in which, most populations of group 1 are
located in Zhejiang Province and Fujian Province, and most populations of group 2 are located in Jiangxi
Province. The comprehensive analysis result shows that there are evident geographical variations in
phenotypic traits and nitrogen and phosphorus stoichiometric indexes of leaf of natural populations of T.
wallichiana var. mairei, and most variations are random variations; leaf length, leaf area and leafl
perimeter show longitude-dominated single variation pattern in geographic space; leaf tends to be smaller
and shorter with the increase of longitude, and leaf is wider and bigger with the increase of ratio of
nitrogen content to phosphorus content in leaf; the variations of leaf phenotypic traits are mainly from
within population, which is the combined action result of heredity and environment.

Key words: Taxus wallichiana var. mairet (Lemée et H. Lév.) L. K. Fu et Nan Li; natural population;
leaf phenotypic trait; nitrogen and phosphorus stoichiometry; geographical variation
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Table 1 Geographical-climatic situation and number of sampling trees of 18 natural populations of Taxus wallichiana var. mairei ( Lemée et H.

Lév.) L. K. Fu et Nan Li

et 5% i1 FAEA wtA bR
) iy —_— Yy EHIR/C i/ C AL/ C - [& 7K 1/ mm [ 7K 42/ mm
JERED 27 G MEHR/m . L P 7K 4/ mm v L Number of
Povulation!) Longitude Latitude Altitude Annual mean Maximum Minimum Annual mean Precipitation of Precipitation of samplin
opulation © temperature  temperature of the temperature of the S the wettest the driest pung
} precipitation trees
warmest month coldest month month month

P1 E119°02'30"  N30°00'54" 629 12.2 27.1 -3.2 1725 271 48 26
P2 E119°55'42"  N28°31'11" 791 16.4 31.9 0.8 1571 257 38 21
P3 E118°33'17"  N28°17'47" 713 14.8 28.7 -0.1 2 027 344 50 22
P4 E118°47'48"  N28°00'36" 629 13.0 26.2 -1.1 2 096 344 48 24
P5 E109°48'03"  N29°44'00" 640 11.5 25.7 -2.4 1 540 224 32 49
P6 E114°10"10"  N28°21'56" 300 14.2 29.6 -1.3 1716 265 50 51
P7 E109°05'40"  N27°17'10" 683 16.1 31.1 1.2 1195 204 31 48
P8 E112°39'45"  N25°33'10" 610 16.7 31.1 1.8 1493 240 51 52
P9 E117°36'36"  N29°23'47" 350 16.2 31.7 0.0 1809 306 50 31
P10 E114°08'41"  N28°40'49" 475 15.4 31.3 -0.5 1 626 254 47 49
P11 E114°32'39"  N27°37'17" 626 15.3 30.6 0.0 1 691 258 52 50
P12 E114°55'39"  N25°24'07" 530 19.9 33.8 4.9 1568 261 38 50
P13 E118°04'01"  N26°41'32" 790 16.8 29.7 3.4 1 845 310 43 35
P14 E116°52'08"  N26°29'27" 704 16.9 30.8 2.1 1837 322 46 37
P15 E119°06'45"  N25°58'21" 708 16.5 28.3 4.6 1643 263 38 14
P16 E116°11'00"  N25°11'18" 990 16.3 28.2 2.5 1 865 314 39 23
P17 E113°13'06"  N25°06'33" 658 16.1 29.3 1.7 1584 268 45 49
P18 E112°43'10"  N24°55'47" 607 15.8 28.7 1.6 1568 281 42 39

DP1, #iiTIf% Lin’ an of Zhejiang; P2 #iVT.HH/K Lishui of Zhejiang; P3: #iiTIT.1 Jiangshan of Zhejiang; P4. Hi{T. 76 R Longquan of Zhejiang;
PS5 iR M Sangzhi of Hunan; P6: W3R FH Liuyang of Hunan; P7. iR #HT % Xinhuang of Hunan; P8 IREH:FH Guiyang of Hunan; P9 YI.VG
ZEIF Wuyuan of Jiangxi; P10 YLPE4AEL Tonggu of Jiangxi; P11 YLVE 5 E Fenyi of Jiangxi; P12 YL.P4{5 3 Xinfeng of Jiangxi; P13 #& & m
Nanping of Fujian; P14. TR Mingxi of Fujian; P15; &AM Fuzhou of Fujian; P16. Pt isnw A Wuping of Fujian; P17. IR ERE Lechang

of Guangdong; P18: | ZRi%JH Lianzhou of Guangdong.
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Table 2 Comparison on phenotypic traits and nitrogen and phosphorus stoichiometric indexes of leaf among 18 natural populations of Taxus
wallichiana var. mairei (Lemée et H. Lév.) L. K. Fu et Nan Li (X+SD)"

THFE L A 3 AL
JERED) HK/cm M %&/cm IH T A/ em?2 MK/ em Ratio of leaf T/ (g kg™ Fi/(g-kg™h) Ratio of nitrogen
Population?) Leaf length Leaf width Leaf area Leaf perimeter width to leaf Nitrogen Phosphorus content to

length content content phosphorus content

P1 2.51+0.33efgh 0.39+0.06cde 0.78+0.20efghi 5.88+0.77efg 0.16+0.02abcd 20.73+0.29ab 1.48+0.10b 14.04+0.81ef
P2 2.46+0.28{gh 0.33+0.03j 0.66+0.09k1 5.72+0.64{gh 0.14+0.02¢ 15.50+0.35h 1.46+0.04bc 10.62+0.46h
P3 2.46+0.30fgh 0.35+0.03hij 0.69+0.12jkl 5.74+0.69{gh 0.14£0.02de 15.97+0.06gh 1.16+0.02fg 13.81+0.14ef
P4 2.32+0.26h 0.39+0.04cde 0.72+0.13hijkl 5.43+0.59h 0.17£0.02a 16.57+0.15fg 1.23+0.03ef 13.47+0.27efg
P5 2.71+0.39¢d 0.40+0.04cd 0.88+0.18cd 6.35+0.88cd 0.15+0.02cde 17.93+0.25¢ 1.26+0.02ef 14.23+0.12def
P6 2.57+0.25def 0.36+0.03fgh 0.76+0.12¢ghij 5.99+0.59def  0.14£0.02cde 18.93+0.31d 1.03+0.03hi 18.39+0.65b
P7 2.82+0.41bc 0.43+0.04b 0.98+0.23h 6.59+0.95bc 0.16£0.02abede  17.90+0.53e 1.24+0.02ef 14.48+0.64def
P8 2.35+0.33gh 0.34+0.03ij 0.64+0.141 5.47+0.77gh 0.15+0.02bcde 16.33+0.45¢ 1.22+0.06ef 13.38+0.96efg
P9 2.69+0.42cde 0.37+0.04fg 0.80+0.19defgh 6.25+0.96cde 0.14+0.02¢ 19.87+0.55¢ 1.61+0.01a 12.31+0.36fgh
P10 2.66+0.37cde 0.38+0.03def 0.82+0.17defg 6.18+0.86cde  0.15+0.02bcde 18.10+0.44¢ 1.07+0.02ghi 16.97+0.46hcd
P11 2.77+0.34bc 0.39+0.04cde 0.86+0.18cde 6.45+0.78bc 0.14+0.02bcde 20.47+0.55abe 0.96+0.22i 22.28+5.84a
P12 2.92+0.41ab 0.41+0.03¢ 0.94+0.17be 6.77+0.94ab 0.140.02de 20.17+0.64bc 1.08+0.02gh 18.68+0.93h
P13 2.44+0.34{gh 0.35+£0.03ghij  0.70+0.14ijkl 5.69+0.78{gh 0.15£0.02bcde 17.97+0.12¢ 1.19+0.04ef 15.10+0.64cde
P14 2.58+0.36def 0.38+0.04ef 0.77+0.16fghij 6.01+0.84def  0.15+0.02bcde 14.30+0.26i 1.30+0.02de 11.00+0.18gh
P15 2.36+0.36gh 0.35+0.04ghi 0.69+0.16jkl 5.47+0.81gh 0.15+0.02bcde 16.67+0.06f 1.37£0.01cd 12.14+0.05{gh
P16 3.00+0.31a 0.48+0.04a 1.12+0.19a 7.03+0.72a 0.16+0.01ab 16.73+0.31f 0.96+0.02i 17.38+0.41bc
P17 2.52+0.37efg 0.36+0.04fgh 0.75+0.16ghijk 5.84+0.87fgh 0.16+0.15abe 15.63+0.21h 1.02+0.01hi 15.33+0.28cde
P18 2.67+0.32cde 0.40+0.04cd 0.85+0.16def 6.21+£0.75¢cde 0.15+0.02bede 20.83+0.21a 1.37+0.04cd 15.21+0.35¢cde
M Average 2.62+0.39 0.38+0.05 0.81+0.20 6.11+£0.91 0.15+0.04 17.81+1.98 1.22+0.19 14.94+3.12
CV/% 15.00 12.79 24.61 14.89 29.56 11.13 15.55 20.90

D [ﬁ]ﬁﬂﬁmﬁﬂ@/]\gigﬁﬁ\‘%gﬁ%(fko05) Different lowercases in the same column indicate the significant ( P<0.05) difference.

2 P1. WiTTIEZE Lin’ an of Zhejiang; P2. WrVLHR 7K Lishui of Zhejiang; P3. ARl Jiangshan of Zhejiang; P4, ANy A Longquan of Zhejiang;
P5. MR FRH Sangzhi of Hunan; P6: 5 R 0 BH Liuyang of Hunan; P7. R B Xinhuang of Hunan; P8 R A Guiyang of Hunan; P9, VLVg
ZEIH Wuyuan of Jiangxi; P10 YLPE4AEL Tonggu of Jiangxi; P11 YIVE4E Fenyi of Jiangxi; P12 YL.P4{5 3 Xinfeng of Jiangxi; P13 #& & # T
Nanping of Fujian; P14 fH#WZ Mingxi of Fujian; P15; f&#45 M Fuzhou of Fujian; P16 f& &7 Wuping of Fujian; P17: J7 4Kk & Lechang

of Guangdong; P18: " Zii% /M Lianzhou of Guangdong. CV:

AR5 2R KU Coefficient of variation.

®3 BALEMRABRENFNREERTEBLFATERRHTESTERY

Table 3 Results of variance analysis on phenotypic traits and nitrogen and phosphorus stoichiometric indexes of leaf of natural populations of

Taxus wallichiana var. mairei (Lemée et H. Lév.) L. K. Fu et Nan Li"

Y75 Mean square FAi F value
mong ithin Error Among Within

populations population populations population
It Leaf length 3.84 0.34 0.02 208.94 3 18.43
58 Leaf width 0.11 0.00 0.00 665.67 % 23.73 %%
MY Leaf area 1.49 0.08 0.00 368.90:#: 18.63
HJE4 Leaf perimeter 21.02 1.80 0.10 209.70 %% 17.91 %%
- 5¢ 4K b Ratio of leaf width to leaf length 0.01 0.00 0.00 3725 1.37 %
(& Nitrogen content 11.98 — 0.13 91.92::% —
%75 & Phosphorus content 0.10 — 0.00 28.06%: —
S kb Ratio of nitrogen content to phosphorus content 25.82 — 2.16 11.97 —

Dix ;. P<0.01. —; JCEE No datum.



32 N7/ I A SRS TR N

30 %

R4 BALEERAREMHAREEKNAESENRESURY

Table 4 Variance component and phenotypic differentiation coefficient of leaf phenotypic traits of natural populations of Taxus wallichiana var.

mairei (Lemée et H. Lév.) L. K. Fu et Nan Li

-5 Ji 2o R T/ % JE eI AL
Variance component") Percentage of variance component 2B %
PEIR Phenotypic
Trait JEER] JEREN . JE e JEREN - differentiation
o GRES o Pliz .
Among Within 8 Among Within 8 coefficient among
. . Error . . Error .
populations  population populations  population populations
4 Leaf length 0.03 0.11 0.02 20.15 68.13 11.73 22.85
%% Leaf width 0.00 0.00 0.00 40.29 52.75 6.96 43.48
T Leaf area 0.01 0.02 0.00 31.47 58.57 9.96 34.89
MK Leaf perimeter 0.17 0.57 0.10 20.67 67.38 11.95 23.47
554 [b Ratio of leaf width to leaf length 0.00 0.00 0.00 1.85 10.85 87.30 15.25
PIMH Average — — — 22.88 51.54 25.58 24.94

D —. K% No statistical.

213 "R ARBKRG T ESETREAR LA HK
H & 4 AT UL B T LL O A RIREREM iy 5 AR APk
RAE JE B (B A N B 5 22 40 1 A 40 LU SHE 23 531 R
22.88%F1 51.54% , J& #E N B 7 25 50 1 @ 43 U R
FIERE], VLB R 7 2L G AZ N i R BHR A AR 5 2 %2
KU TIEREN

IR 5 A A MR ) R R R AL R AR,
5 P S () R AL oAb R AR K, R 43.48% 5 1T i 5
O JE A TRl R B b R BN AR 15.25% 5 %3k
RUPRAIR 04 JE HE 1) 26 84 53 Ak R B (E N 24.94% , Ui ]
BT LD A KR SR B0 R BR824 25% ok
H JE e,
22 BALAEEMHREMREERFTEBELEITSE
FR IR 38 - S 1% B F i8] f9 HE % 1

BT LR A2 R R TR 0 2R AU R A A W AL

TR ARAREN A C R B3R 55 0 R AR 5
PSR ] A A O R B 6,

M2 5 A UL ZE R 4T AL oY 5 AR AR
AU S B K E TG S AR | At R R R
) 1% @ 25 (P<0.01) 8¢ 3 3 ( P<0.05) 1FEAH 56, U8
B, i R 0 B B AR A K, 7E 3 AL
iR AR L SR A R ARG, 5
SR A OG  (H U S B R E B A O
TEFAWERR A A B b 2A AR bR, A L S5 K
UG 5 T AR K S IR A O AR
R 5 A R AR IR Y TC A S, ULRA I
AU LR R e

H# 6 Al UL it i & R AR SRR R H
AR AR oK B e A KRR T A ok &
G i 25 A0 S | 5 46 P RN 4t TG 3 AR S L (En

£5 EALEBRAKEHNRHREERMABLZTEEREMREX R

Table 5 Correlation coefficient among phenotypic traits and nitrogen and phosphorus stoichiometric indexes of leaf of natural populations of

Taxus wallichiana var. mairei (Lemée et H. Lév.) L. K. Fu et Nan Li"

MKZREL  Correlation coefficient

PR AR bR

Trait and index LL LW LA LP LW/LL N P N/P
LL 1.000

LW 0.805 % 1.000

LA 0.938 5 0.956%% 1.000

LP 0.999 3 0.823 % 0.948 33 1.000

LW/LL ~0.084 0.485% 0.2365% ~0.058 1.000

N 0.415 0.275 0.342 0.405 ~0.186 1.000

P -0.339 -0.335 -0.354 -0.338 ~0.169 0.087 1.000

N/P ~0.565% 0.441 0.512% 0.557 -0.029 0.553% —0.772%% 1.000

DLL; MK Leaf length; LW M58 Leaf width; LA; M Leaf arca; LP; MJE K Leaf perimeter; LW/LL; M 9% K [ Ratio of leaf width to leaf

L AL

length; N & &% & Nitrogen content; P: #§ % Phosphorus content; N/P. % [t Ratio of nitrogen content to phosphorus content. * ; P<0.05;

#% . P<0.01.
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Table 6 Correlation coefficient of leaf phenotypic traits of natural populations of Taxus wallichiana var. mairei (Lemée et H. Lév.) L. K. Fu et

Nan Li with geographical-climatic factors"

MK ZEL  Correlation coefficient

PEIR ; R R H E AR wIBARBKE T ARKE
%:1}: 7pE i HEzia Anﬁﬁ]ian Maximug{ I\\’/Iinimu{m{ ﬁnﬂz?ﬁe%l Precipilz%iojr(l of PT(‘:CipitleUJI(l of
Longitude Latitude Altitude temperature of the temperature of the S the wettest the driest
temperature warmest month coldest month precipitation month month
LL -0.451% -0.134  0.024 0.255 0.283 0.122 -0.290 -0.243 -0.374
LW -0.366 -0.174  0.272 -0.043 -0.181 0.010 -0.106 -0.072 -0.423
LA -0.450*« -0.185 0.181 0.110 0.033 0.087 -0.232 -0.185 -0.448
Lp -0.452+% -0.116  0.049 0.222 0.250 0.095 -0.281 -0.239 -0.381
LW/LL -0.056 -0.196  0.346 -0.385 —=0.672 %% -0.117 0.174 0.181 -0.174

D LL: MK Leaf length; LW M58 Leaf width; LA ; M2 Leaf area; LP; M-JE4K Leaf perimeter; LW/LL: M 3& K Lt Ratio of leaf width to leaf length.

* . P<0.05; #%. P<0.01.

KRR A 22 R O, U T Rl R
BRI TN i E K L S A A el e
TAHSE, BT Rt P H foe il B s i ol TR
23 BERLEMRARBHRBRESTER

BT RITLLEAZ 18 D RIRSERER) 5 NI R B
PRI T RIS A 2R DL 1, 1 A] DL, R K
[RBEES 15 4, ADKE 18 AN EfE o 2 2858 1 K
10 AMJEAE, 56 2 0055 8 AN JE i 7ERR R R 8 4,

P6
P14
P1
P17
P2

P3

P13 J
P8
P15
P4
P10
P18
P9
P5
P11
P7
P12
P16 :

Jﬁ

71

1 1 1 J

5 10 15 20 25
DR G 19

(=]

Euclidean distance

Pl: WI7LIE % Lin’ an of Zhejiang; P2: WVLWH /K Lishui of Zhejiang;
P3. #i YLV 1l Jiangshan of Zhejiang; P4. #7 {1 J& J& Longquan of
Zhejiang; PS5 iFg FAH Sangzhi of Hunan; P6. Wi R W FH Liuyang of
Hunan; P7. 55 5 % Xinhuang of Hunan; P8: 51 74 #E BH Guiyang of
Hunan; P9. PN 23 Wuyuan of Jiangxi; P10. VI 7 4 5% Tonggu of
Jiangxi; P11: YLVE 5 H Fenyi of Jiangxi; P12: T TR Xinfeng of
Jiangxi; P13: ff & ® F Nanping of Fujian; P14 ## @B {E Mingxi of
Fujian; P15: f& # 4@ M Fuzhou of Fujian; P16, 45 & i F Wuping of
Fujian; P17, I =] Lechang of Guangdong; P18 J7 K%M Lianzhou
of Guangdong.

E1 EFHREREEROEALEE I8N RABEHNREE

Fig. 1 Dendrogram of 18 natural populations of Taxus wallichiana
var. mairei ( Lemée et H. Lév.) L. K. Fu et Nan Li based on leaf
phenotypic traits
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WAFFERR 35 25 7 R WM I 4L A2 i R AR R
MAB AR TENmEER, WX TE
FERVRE LG A 5 | T BRI SR A
i 25 (P<0.05) KT HAhEH#E, X 7] fig 51 E B A
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