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Abstract: The specific leaf area( SLA) , leaf relative water content(LRWC) , leaf tissue density( LTD) , leaf dry matter
content( LDMC) , the leaf carbon(C) , nitrogen(N), and phosphorus(P) content and their stoichiometric ratios were the
selected functional traits of Zenia insignis. We analyzed the differences and their correlations of the functional traits among

five provenances including Guilin City, Guangxi( GGL) , Jingxi City, Guangxi( GJX), Jianghua County, Hunan( HJH)
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Tongdao County, Hunan( HTD) and Yingde City, Guangdong( GYD) in common gardens during the introduction period, in
order to understand the relationship between leaf functional traits and environmental factors of provenances. The results were
as follows: (1)the leaf C, N content and C/N differed significantly amony seedlings from difference provenances. the leaf C
content in GYD was the highest, but the lowest in GGL. the leaf N content in GJX was the highest and the lowest in GYD.
The C/N in GYD was the highest and the lowest in GJX. (2)there was a significant negative correlation between SLA and
LTD. There were negatively correlated between N and C/N, C/P, but positively with N/P. The C/P were negatively
correlated with P, but positively with C/N, whereas the C/N were negatively correlated with N/P. (3) the leaf traits of
Zenia insignis were mainly affected by environmental factors, such as July temperature, mean annual temperature, and
relative humidity. The July temperature showed a positive correlation with C/P and SLA, but negative with N, LDMC and
LTD. Mean annual temperature demonstrated a positive correlation with C/N, but negative with N/P. Relative humidity
showed a positive correlation with P and LTD, but negative with C/P and SLA. The results facilitated a better understanding
of the adaptations of Zenia insignis to the introduction environment and the growth and survival strategies during the
introduction period. It played a vital role in the nutrient utilization strategies of Zenia insignis and revealed the response
mechanism of plants to the environmental changes. It also provided theoretical guidance and decision reference for the

forestry departments to carry out excellent provenance selection and genetic improvement during the introduction period.
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Zenia insignis
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SAGEIRIE  BAOGFE A R A . ARSI 18.9C e H 1 A S 7.9C , v A 7 AW FXH<IR
28.1°C , A PR K —MAE 1600—1900 m Z[a], FEK ZEEHTE 2—9 H . & TER IR 305 d, 41
H BB 2029 1740.7 h, 3RS, M40 T 25 M, + 38 2138, 0—40 em REER) H 5073 pH HA LA 54
WS 5.8.1.279 mg/g #10.318 mg/g.,
1.2 FHRHRIT A
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TR SEA S A 1 A )5 Bl 5 | o R, 45 1 AR AR IR AR O L3R 1, Hop R Bl R IR T T E SR B
WA RIE T HF G mBHE O, EWARBRITIE N 1.8 mx1.8 m, RIEIL Hetks 42070y R vE Ak, 1k
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Table 1 The geographic and climatic conditions of the origins of 5 provenances of Zenia insignis

H AL pR {1213 SR LAME —ABE >10CE EKFE FHRKE TREE EKE AHRE

Geographical Altitude Mean July January R Yol Mean Frost-free  [7KH: Relative
. coordinates /m annual annual annual >10C Growing annual  season/d  Growing  humidity/%
ﬁf Ly /°E /°N temperature temperature temperature  Annual season  precipitation season
Provenance /C /C /C accumulated  average /mm precipitation
temperature temperature /mm
/C /C

L
(ZJBEEM\—FE 11031 253 169 18.9 28.2 8.1 5900 23.1 1515 309 1604 75

ik
g?lﬁﬁfﬁ 106.08  22.59 931 19.3 25.2 11.5 6860 2.4 1631 330 1488 79
W T
2?{144% 11225 24.38 042 16.2 28.3 7.4 5539 22.9 1700 308 1174 71
T
f;ﬁﬁlﬁ% 109.77  26.16 397 16.3 26.3 5.4 5256 20.8 1480 280 1223 82

gt
gj;yﬂ‘jﬁ 113.38  24.17 537 20.8 29 11.6 7576 24.8 1875 353 1593 76

GGL.J PHH:ARTT Guilin City,Guangxi;GJX;J“Vﬁﬁﬁﬁ il Jingxi City,Guangxi;HJH:Wﬁﬁﬂ:ﬁég\‘ Jianghua County,Hunan;HTD:mﬁﬁiEE— Tongdao County , Hunan ;
GYD.) ZR¥Eftr Yingde City, Guangdong

2015 4F 7 H 23—25 H % [A] e 2 5 A 3 4 10 mx 10 m TR A RE DT, S RE DT N AROAR k4T 45 A 3
r, H AR GGL GIX \HJH HTD 1 GYD 5 AN i SEA (8 ST AR B 9% B 4351 o0 (1338+120) (( 716+
67) .(1069+104)  (750+66) Fk/hm’ Al (1367 +129) #/hm* , I 942 5 5K (12.75+0.04) | (14.55+0.04) |
(15.90+0.07) ,(12.15£0.07) cm F1(14.15+0.04) cm, B =435 4 (12.65+1.00) . (10.40+2.94)  (17.40+
1.76) .(13.70£0.11) m FI(17.8+2.37) m,
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M2V B (LTD, g/ em’ ) = IFF 3/ IR R, AR = i [ AR JEL

M BB (LDMC, g/ g) = M /i A i
1.3 HdEab

Fr A B ST A AE IR SPSS 19.0, Canoco 4.5 #AEFT Excel 2003 58 %, R S R 5 2250 bt
(one—way ANOVA) B4 5 SRR E] 25 4R 2 S5 Wl 28 P O g /N I 38 2 5 0 (LSD ) H A8 AS ) 3041 24 18] 1Y)
2 5%, 1 pearson HHIE 2R BOKE B3 JEA 25 I Dy R IR 22 18] (8 4H S 5 R FH T4 43 B ( RDA ) 125 43 A1 ol 5 b 245
52 X SEAR N T REHIR B2 SCrP RO S E e bR 22
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AR 2y 24 SRR R A SEAR M B C N & & C/N fEEH B Y22 531 (P<0.05, % 2) . H
iR C S LD GYD FEN AR, GOL PR EAR; i N & DL GIX Wi, GYD & Afik; it i+ C/N L GYD
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Table 2 Differences of leaf functional traits of Zenia insignis from different provenances

ol 5t b IR AT JTPEE P T BRI AR R i) e B IR
Provenance GGL GJX HJH HTD GYD
M1 A Specific leaf area/ (cem?/g) 214.45+14.12a  201.07+114.10a  275.29+34.54a 197.19+80.14a 245.68+52.60a
i XF 2K &

TH“*E T_H kit 91.26+7.00a 79.05+13.91a 87.45+8.02a 77.87+1.13a 65.96+21.95a
Leaf relative water content/ %

20 SR

t e - . 3 0.11+0.01a 0.14+0.08a 0.09+0.01a 0.13+0.05a 0.10+0.02a
Leaf tissue density/(g/cm’)

i} " PN =N

+H+%ﬁﬁ R 0.23+0.01a 0.27+0.12a 0.19+0.05a 0.20+0.05a 0.21+0.03a
Leaf dry matter content/ (g/g)

M H C &4t Leaf C content/ (mg/g) 454.00£7.60b  463.27+2.77a 457.74£2.97b 466.59+5.75a 474.37+3.66a
M H N %1 Leaf N content/(mg/g) 27.31+2.88b 34.64+0.18a 31.33+3.39a 32.82+1.92a 25.36+2.88b
HH P & Leaf P content/ ( mg/g) 1.21+0.15a 1.35+£0.01a 1.30+0.11a 1.43+0.09a 1.29+0.04a
it ;- CN Lt Leaf C/N 16.74+1.64a 13.37+0.01b 14.73+1.58b 14.25+0.90b 18.82+1.99a
it H CP . Leaf C/P 377.69+43.53a  344.44+0.25a 353.49+25.51a 327.90+20.68a 367.88+9.26a
it H NP Lt Leaf N/P 22.54+0.42a 25.75+0.01a 24.16+2.85a 23.12+2.79a 19.63+1.58a

[ S AN ) 7 B 3R 7R 2 57 .3 (P<0.05) 5 AT FREFRIR 22 57 A48 1 3 (P>0.05)

2.2 SHIEARM A SRETEAR E] BUAH S
XS [ A P SEA D BE PR IEAT AR SCHE 3T , i3 3 T U M, b v T AR5 I 20 4085 2 A2 A 25 A A
KHE(P<0.01) , HARBU GG MR N &85 C/N fA7Ei B R C, 5 N/P fAE il B AIEARSC, 5
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C/P FEAE LA (P<0.05) ;C/P 5 P SEEWBENME, 5 C/N ERFIEHMHE;C/N 5 N/P £ E
FAE,

R3 WEAMITREIEK EBEXERE

Table 3 Correlation coefficients among leaf functional traits of Zenia insignis

It X It

DR g D e wen we
T A 4 et EKE i L) e S, P o A A
FIIfe R TE bR . . g o o R .
leaf functional trait indexes Specific  Leaf relative Leaf tiss Leaf dry Leaf C Leaf N Leaf P CN It CP It
cat funchionat frait mdexes leaf area water ¢ 1,55]16 matter e e ¢ Leaf C/N Leaf C/P

density content content content

content content
It XA K
o i 2 0250
Leaf relative water content
nHZH S

_ o P

Leaf tissue density 0.973 0.278
It - A EL
tHTHRaE -0.317  -0.060 0.183
Leaf dry matter content
MR C & dt Leaf C content 0.134  -0.319  -0.070 -0.447
A N &1 Leaf N content -0.355 0.009 0.417 0.003 -0.069
MR P i Leaf P content -0.099  -0.204 0.159 -0.556 0.555 0.555
A CN Lt Leaf C/N 0.335 -0.087 -0.389 0.001 0.181 -0.986"" -0.515
M F CP b Leaf C/P 0.125 0.127 -0.188 0.494 -0.449 -0.648 " -0.986"" 0.619"
R NP Lt Leaf N/P -0.331 0.165 0.351 0.437 -0.534 0.748** -0.135 -0.767"" 0.015

% F7n P<0.05; % = Fn P<0.01

2.3 WHIERM-ThREPEAR 5 Fh I PR BT K 1 OC R

FESEATTUAR Ay T 2Z 00, Se Xt - T Re iRtk 47 2 3
XS4 (DCA ) |, 8 7 HC R T T B A B HE 1y 43 By
IR T AR 73 . SR s e KAl
90.056<3, LLEE T LA ARIHET 439119 RDA J7 18558
G TAMG . L, A 5T DARR I PRI DR Sy il e A
i, A D RE MR Ay v i 28 1 i 4k RDA 73 A A [A]
T T RE MR 25 AR M A B I B e N OE R, B
BFFAIE A AR A8 100 T 1 1o, A8 1 1) i RE 4T AT -0 .
& DR, A SOR T A R AR B 23Ar 07 v i 1 s it- T g ' il Axis1 (54.1%)
PERA BEMREEIOIREE T 29150 AT @y ket ot S s E R ROA 5
ZETRe R A IR A N 7 F 2. L AR 4F Fig1 Redundancy analysis ordination of leaf functional traits of
PR SRR )E Zenia insignis and geographic environmental factors

ZERLE R (1) ,% 1 HEFE e e 4 i ohRg otk RH: A1 Xt {2 B, Relative humidity; MAT; 4F ¥ Jii, Mean annual
ALY 54.19% 555 — HEFF B B 2 S0 T RERE AR A5 1L 1Y temperature ; JuT: £ J7 #4J3, July annual temperature
29.6% , T P HE P AR 4 db sz e 1 i D IR 5 o
RGP FAAHOCHE . B A BIRAEIR 555 1 HEF R e A OC, BB BRAR DG R T 4F S8 1 5 AH XS B2
5551 HP S ARG, FERFREE K 19 Sk S A8 s D RE PR IR B A Sk =2 A] e £ 00 R X E AR OR P Z TR Y
MR, Z&dFRERPRETUEH-EHHES C/P AR RIEMAE, 5t N && HAF Y&
M ZUE R OGRS C/N BIEME, 5 N/P 2HRAC AHXNRE S F P & & AU R
ARG, 5 C/P R FR S SR DG

JuT

2 Axis2 (29.6%)

C/pP
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3.1 OR[RIFR A ) 32220 D) RE MR Y SR AR AE

S SIEARFIRE 530 X3z, PP 5 ST 5 S P 22 5 9R 25 RBOR A 70 A B AR S R MR T Y 4k, OB
BN R A s BRI, AE5 B0 DX Sz M 5 AR X R A S, AW S A IR 5 A IR e R
L AR R AR S K AU B T B e A D e MR 25 AN 2 D DR AT B R K S
AMEARFE bR 322525 | R0 [ 51 bl 9 37 b 5 SRR B2 ), RIS AR I 2RO 8T 1 5 |  X PR B AT 45
588 P4 35 I

AR FEARN - C N it C/N FAAE2E 3 UL F2 20 7 352 20 MR o] 8 =222 KM i A i
IR X — 25 R SIS as R —3 P C RS R, RN EE iR — HE
BRI W TG A I R e A Ve SR AL AT 5 R &, RIS S At e C S A R AT
LA BRIRE LRI, R N &R 0 T A DG ABE ST N S i s Fl T e A ER™
M C/N AR RICE SR RelR Ak C RE )T, IF BAE—E FEEE Ll ) TR R 37 50 RIS, A &
B ERSE L, FEARRBIFE 5 FIE#IEA T 0t R C & & C/N UL GYD FIE A s, BB A R
AEE IR FIHBRS C RERCR, B8 G FA G B X EE i 7 N & & DL GIX Rk fie i, 5 i 2%
A B Sy ] N A Tl K () o el 3 6 s A 4 A A o IS R B R e (I 10 2 B bR, 100 B U6 T 5L A T 42 e
AP N BT P XY GG R A 1B A A ™ A F S5 e, TEAE ) it R AT R A AL PO b 255
EHSEA R T AT & AR5 Ry, R GE P 5 FhRSEAR M | P & 22 5N, 40 JE A )
BERHT A P EZORET LR AR P i A e 9 i A 3% PSR AR—E,

FAN, G ABR R ERBHRAT L, ABFIE AR B C/NAR TR R EY 1Y C/N(22.5+£10.6,n.=398) ,
I C/P Al N/P & TR RER) C/P(232+145,n=406) FIl N/P(12.7+6.82,n=325) , EEJFE K AT GESE i Ti%
R RhA B HAT A E N GETT, HFTFERIS IR X R P o= X3, 5 A% N & i s, P & A, Ao £, 4l
Y KAz NP BRI N/P BRIME K 14 F1 16, B4 N/P<14 B, BEVE KT F A AE K 352 N BRHI;N/P>
16 i, R A K 552 P BRI N/P 78 14 2] 16 Z [ iF, 3% N P AyFEREIBRE, A5 M A NP (i
/R (19.634£1.584) KT 16, 5 G HIMEBIERTEZ G PP IX 2232 P BRI, Rtk , ZE5 | M SERE , B TH 45 5%
& HH I B PR 58 L RRAE , R P A FSCR B i3 AR IR AT 5 [ b
3.2 EZMIEMRESCR

HEP) 45 D REME IR A SE S AR FA G, 25 MR TR A7 e — 2 A AR S B R 45 Mtk 1) i S 6 A B T
TR A ARG, LI TR S WA 4 % AN ) A K IR B B4 7 R E RN AR B AL 9 R B B T, A F5 k4
US> K 43 S, 4 2055 B SR /K o AR SR s AR LA R E A BE 1A 567 WS 2 I A )
XK B AERE S . AT ZT R, H T 2 U A A A TR O, 5 R AR S A
FFE— 20, S BT S8 A 2 R 2 22 () P 1 5 T JS X A (] 7K 0 A58 118 g % 5 e

M C &&Y C/N.C/P N/P ZEITCREFEMICHE, i N &5 C/N A7 W2 0 AAEC iR P &
5 C/P AN B R GG, i LA SER M | C S ARk e e A 37Kk, A N &5 /P
REAMIE,C/P 5 C/N RIEMZE, X—a5 R 522l KRB gt B 2s i e s 258 — 80, %
W JEARXS N P 15 RAE— SR F B 8, (AR TRRIEARR R ARER, A 354 N WY6e, 5
N LR XA TR0 R A g AR B AN
3.3 MIhEETRIR SRR R PR 0 O R

YA AAEAORYET H S 0 A 3R BS503R DG . RDA T3k
W, A T R R Rl - 7 23R AF 2R IR X B S A DR ELAT AR G | mT AIAC 3 SE AR I 3) g
PEIR T AZ IR EERUK A OSER , ARFRas s, A TR &S5 E A SRR A, X 5EE%EPIN
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I R T 5 SR KB R B IS5 0 IS , AT e T ABIFSE X 5 AR 25 & 0 S0ty 2 R 1 i)
A BEK BTN, T B IEANT K A3 (i 1 AN 2 SOAR I 5 5 e i R ) R ) 2 S AR R IR
B AN RE S 42 B B IR A G, 5 B T R GROR S X 2R A B ST B — B, TE K A TR S
ANFRIE L R IEA AU AR, T RN, I HL AT A M2 2% B A L T LS - A IR
YA | 2 W A8 5 P8 R M AR KoV B, 28 I e 2 0 R L AR AR A

R 3250 C MIXTERE N P 2 RBER A, HL N/P S 5 25 35 0 AEAE D R 9 B IR 4R, AR HF
5o, L HEYS C/P BIEMHDE, 5 N SR E G, FEWIRS C/N IEM I, R RS IR 1 AL, AP
Al )5 Bhos 55, AR AR IS N P ZEAE R ) B, SEO A N P SRR, SO AR FE b E R R
1 Reich 457 75 2R F P URF I8 45 S — 30, thalk— Ui N P ZESEARR AR T —EhE , 4R35 N/
P RS, X5 Reich %5 Kerkhoff %57 3L F BRI F N/P Bl 45 B A58 i1 RV A4 B A i 3G A
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