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Response of leaf morphometric traits of Quercus species to climate in the temperate zone of
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Abstract

Aims Plant leaf morphological traits can effectively reflect changes of plant living environments and affect the
behaviors and function of plants. Our objective was to reveal the response of leaf morphometric traits of Quercus
species to climate in the temperate zone of the North-South Transect of Eastern China (NSTEC).

Methods We obtained leaf morphometric information by measuring plants in herbariums. We used mathematical
methods of correlation analysis and standardized major axis to investigate relationships between leaf morphology
and climate factors, as well as correlations among leaf morphological traits.

Important findings With changing climate conditions in the temperate zone of NSTEC, leaf morphological
traits of Quercus species changed significantly. Leaf area of Quercus species increased with decreased annual tem-
perature and increased annual sunlight, which helps leaves to absorb more light radiation and reduce the loss of
heat. The degree of leaf division can not only decrease heat dissipation from leaves, but can also enhance the
fluctuation of sap flow to improve the physiological activities of leaves. Vein density increased with increased
temperature and light intensity, improving the water transportation capacity, and increased with increased precipi-
tation, improving the supporting ability of leaves. In addition, in order to adapt to the changed climate conditions,
Quercus species built a combination of leaf morphological traits, with increased leaf area, petiole length and de-
gree of leaf division, while vein density decreased. Petiole length and vein density also increased with the leaves
tending toward an elongated shape.

Key words climatic factor, leaf area, leaf morphometric trait, North-South Transect of Eastern China (NSTEC),
Quercus species
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Table 1  Sites and species of specimen sampling

Hh R 4753 2P A U
Site Latitude (N) Longitude (E)  Species Latin name
HMREAL R4 SF% - Mudanling, Dunhua, Jilin 43°21' 128°11' B Quercus mongolica
TE O R 40°40 122°14' 227 HE Q. mongolica
Xiongyue Botanical Garden, Yingkou, Liaoning REbE Q. acutissima
TR 252 R 1l Wuling Mountain, Xinglong, Hebei 40°26' 117°28' Bty Q. mongolica
TG T 3 2R B 40°12' 117°58' Wik Q. dentata
Eastern Tombs of the Qing Dynasty, Zunhua, Hebei AR Q. acutissima
JExTP L Xishan Mountain, Beijing 39°54/ 116°10’ bR Q. aliena
b /N A1 Xiaowutai Mountain, Yu Xian, Hebei 39°50 114°26' et Q. mongolica

L ARER Q. liaotungensis
b2 & & bR Beidaihe, Qinhuangdao, Hebei 39°49 119°29' BEATR Q. acutissima
A E T4 1 Wutai Mountain, Wutai, Shanxi 38°43' 113°12' M52t HE Q. mongolica var. grosseserrata
I PgAE IR E5E47 1 Guandi Mountain, Jiaocheng, Shanxi 37°33 112°08’ ST Y Q. liaotungensis
WG ZERLEL R AT 1 Taihang Mountain, Zuoquan, Shanxi 37°04 113°21 Bty Q. mongolica

2 5 b Q. variabilis
PP E K 1L Taiyue Mountain, Qinyuan, Shanxi 36°30 112°18' 221 M Q. mongolica
IV % T Linfen, Shanxi 36°04' 111°30 ST Y Q. liaotungensis
117z )I[ KL Lingchuan, Shanxi 35°47' 113°16' B Q. aliena var. acuteserrata

H B AR Q. variabilis

LR Q. dentata

LA ER Q. liaotungensis
Ik P s .3 /1l Huanglong Mountain, Hancheng, Shaanxi  35°28' 110°27 T AT Q. liaotungensis
1 FgsE i EL 461 Zhongtiao Mountain, Yuanqu, Shanxi 35°18 111°38' AR Q. acutissima
JEFEMETT =& 1 Yuntai Mountain, Jiaozuo, Henan 35°14’ 113°25' E KR Q. fabri
P B Xia Xian, Shanxi 35°07" 111°13' Wil iR Q. aliena
W EFIE Jiyuan, Henan 35°15 112°07' o FhR Q. baronii
WK FFT & 4610 Xuehua Mountain, Yongji, Shanxi 34°55 110°25' ST Y Q. liaotungensis
Bepi M i #E 1L Huashan Mountain, Huayin, Shaanxi 34°35 110°05’ ¥ AR Q. baronii
BephfE SL K A1l Taibai Mountain, Mei Xian, Shaanxi 34°17' 107°45' LM Q. liaotungensis
[ 75 PG 22 i B 15 1l Nanwutai Mountain, Xi’an, Shaanxi 34°10' 108°56' Hitkr: Q. aliena

ke igR Q. spinosa

R BR Q. baronii

A Ml AR Q. aliena var. acuteserrata
W28 )11 B Luanchuan, Henan 33°45’ 111°38' B AR Q. baronii

REHTBR Q. dolicholepis

the coldest month, MTCO). #x# H V-3l (mean
air temperature of the warmest month, MTWA). =0
CHKZFUR (growing degree days on a 0 ‘C basis,
GDDy). - F-#)< ik (annual mean air temperature,
MAT). K Z=RF/K (mean growth season precipita-
tion, MGSP). P14 [#/K &= (mean annual precipita-
tion, MAP). ~F-344F H fE I/ 4 (mean annual sunlight,
MAS). /=88 b P R R I, 5l A DG

fekrh, MTCO. MTWA. GDDo4 5 MAT A1 51
Bmi(r > 0.90), MMGSPHIMAPE A7 i 2 (1) L £k
PERR, Pl &L HMAT . MAPFIMASHE A 43 bt
FHMAAER T o B ACRE T BRI Y AR AR S kb 1S
(4P F IR A2 43 P L3
1.4 FiEE
HORUEEIG T A IR A FTT 22550, ST A
e TSR AT R BG4, e T A TER
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Table 2  Definition of leaf physiognomic variables

A5 Variable

5 X Definition

K Leaf length (cm)

% Leaf width (cm)

AL Leaf area (cm?)
A Leaf perimeter (cm)
4R Leaf petiole length (cm)
k35 Leaf vein density
FARIE Compactness

K%Lt Length-width ratio
FEA$R%L Shape factor

WP IR B -2 ) R KA BE - Longest line from leaf base to leaf apex
T T LMK OK % Longest line perpendicular to the major axis

i bk /- TR Leaf lateral veins numbers / leaf area
WA R P THIRR Leaf perimeter? / leaf area

A KM 98 Leaf length / leaf width

AnxIH- TR/ K2 4n x leaf area / leaf perimeter?

3 AUEN T ARAGE

Table 3 Variation ranges of climate factor

AT w/MA BRME CPHE
Climate factor Minimum  Maximum  Mean
TR

Annual mean air temperature (‘C) 3:30 14.80 9.05
S 4 =N

PRI KR R 408.00 985.00 696.50
Mean annual precipitation (mm)

4 RN

Mean annual sunlight (h) 1646.10 303200  2474.05

5 R FREAT OG0T, TERAH G OC AR 2 5 F
AT hrHEAL 32 fli (standardized major axis, SMA) 7 #7
AH K43 M A FH SPSS 16.0% 4 5¢ i; SMAIE i) 3t
DOSH 1 fL SMATR Version 2.0 (Falster et al.,
2006) 5¢ . »

2 MIRER

21 MARESHRESERTFHXR

B8 g T AR 5 A PR TR A 0%
e R WAR4. R ESTEIR S MATHIMASIFAH G
PEES R, SMAPIIAISCPER: S . o, iR
TR B S MAT R I FAH G &R (p < 0.01), ik
Jik % B R R SRS MAT B3 IEAH X (p <
0.01); AHJ%, W IHIFVRI: 5 A HUE 5MAS 2% 1EAH
K(p < 0.01), i ik B F: Fr TE A FREU MAS i
F A (p < 0.01); [FII I 1 %5 B 5 MAPZ A7 4
—EMIEA K R (p < 0.05).
211 MAESHRKSEERNXR

MR JE B T3 KN 2 B s K . Bl
MAT (1) Tt 7, I THT AR RRA 55015 € 3 Ay 4R A1 1 s 4
(KI1A. 1C), iy HwhTH AR A AR AE - F AL (SMA =
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0.102 8) K it T #AHUEE (SMA = 0.053 4), W [f
FRBEMAT | B (R FATE I ;i i Jik 85 B AT 2
FRBCERIL A I N &#(1B. 1D), M-Ik FE b
SRR G N R A S TN R, R R bR
AL (SMA = 0.107 0) K Tt H IE &R E(SMA =
0.053 3).
212 MAERSHERSEKXER

JEAIRETHRE, R RS TEAR 5 B K A 56
PEELSS, (H2& 20T LUE H, BERE K B3, ik
BRI — R R, SR SERRME T A RbR
N RO S MAT 1 &) % (SMA: 0.0030 <
0.107 0), X 7E— & F2 5 1 3 B B 7K 0 v Jik 2 % 1)
PARSHE R i bhR
213 MAFESHERS ABRAEHXR

FRJE R B RS TR 5 MASH) 6 &R 5 MAT
BORAH S BEMASITIIE I, e RIS R 50 328 7 44
T(EIBA. 3C), i ik P R TE S HR BRI A PR
[FEaF(KI3B 3D). AT MIEZT AT LI, HEIRPR
JE AR B e B 2 IR B MAS AR 1k 3434 L g 8
F(p < 0.01), SR1MILERAE T FlR A HIL I /N T
FEAERBEMAT AR 10 1 2R, i B ik 2 5 b
MAS 75 1k 3k 2% A5 B 52 /N T B MAP (1 42 44 2%,
FE B H RO AR R 5 N TR
22 MERSHERZEINXR

WRSPr7R, B ALFEAT BRI AT DX AR R
A FTEAS TR A B A AH B R . S
AR S35 IE ARG (p < 0.05), BT AR (1 185,
A R TR A B 0 a3y, () A P T AR A5 v A
Bt i 5 E A (p < 0.01), AR TIAR 55 M- fik 48
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Table 4 Relationships between leaf morphological traits of Quercus trees and climate factors

PRI A (i

797

i B AR AR 1)l SR R K PR [ I 2
Leaf morphological trait Annual mean air temperature (‘C)  Mean annual precipitation (mm) Mean annual sunlight (h)
FHR AL WENE HHR AL WENE FHR AL WEE
Correlation Significance Correlation Significance Correlation Significance
coefficient coefficient coefficient
Log i Log leaf area (cm?) -0.590 0.000 -0.303 0.051 0.527 0.000
Log#5+ Log leaf petiole length (cm) 0.012 0.938 -0.028 0.862 0.138 0.384
Log ik & Log leaf vein density 0.527 0.000 0.360 0.019 -0.495 0.001
LogfA KL% Log compactness -0.532 0.000 -0.263 0.092 0.478 0.001
LogK: %Lt Log length-width ratio 0.078 0.621 0.122 0.442 0.129 0.415
Log/E#$54L Log shape factor 0.537 0.000 0.261 0.096 -0.483 0.001
20r1
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1.6 02p
C D
i, '_
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1ol SMA: -0.0534 : . —04l . .SMA:0.0533
—— R’=0.283, p<0.001
09 . . : -0.5 . L )
0 5 10 15 0 5 10 15
MAT (C) MAT (C)
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Fig. 1 Relationships between leaf morphological traits of Quercus species and annual mean air temperature (MAT). SMA, slope for

standardized major axis.

FEFA: TR AR B R I B W ARG R, i
[IAR 5 I ik % 55 2 1) (R AH DG 1 1780.931 (p < 0.01);
AR BEAME 5 AR E— R R, T Bt
K B LA AR S 3 TR IE AR DG, s 1 S5
FARGE B2 A (p < 0.01), Sk Ks tb e fr
TSR 2 IEAT S (p < 0.01); A Bl AT
TESTREAE ARk it - S R E R bR, =%

R 2 A A S ME(r = —0.998, p < 0.01), M)A

BUE RS, AR EGERAK .
3 it

3.1 SIERMAH R ESEREEEER
L it 5 285 68 B 53 (10 Wiy 1 T 12 Al 745
5 W 2 AE ) 1K) B A AT D AN Iy e (SR AR AN R A
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Fig. 2 Relationships between leaf vein density of Quercus
species and mean annual precipitation (MAP). SMA, slope for
standardized major axis.

2004), MIfisEmaAEEA I AE AL RE )RR S . AR 40T
In] (Vogel, 2009) . AT AR, B ALFEAT R A1 X AR
JeE AR b I R 8 T 2 R A 4 1 AT v R
T, B A PE A A S I 1 R PR AR AL
JOrP R B R s E MR SIE R, H R k2
117 B2 AR ASORT W Rk % A — 2 [R5 ), SR A A0 1
FOEAMR MR AR AR E WA AR KR E
HAREEMESE L.

FEAWTH, BEMATIBEACRIMASIFI N, #k
JE R TRARSE . AR 5P (leaf en-
ergy balance) i i L, /N 2 AR KT IV A%
AR, ORI i I AR RO R 2 A4
N (Ackerly et al., 2002; Pickup et al., 2005). {&AHf
GRS P, B G BE 203 B I e, I 3 T PR,
H R Eoa s i, KR Wi, Rl e 7ere
iy A EAGHIR A R R EE 4 F N, T R S 0
AT HAEZ AR, BORCE 2 R, DO B
GAEKREMHEE. FE, KR miisgz
(boundary layer)$ )5, RGNS, X Fr g
() 15 262 31 BHL RS T (Westoby et al., 2002), %45 )
FHRE B R R i RS, PRAE M A AR PR B
IR AR EAT .

I A DAy P v P 4 A A R AR TS s 43
A EBAEF ) SO . fEAR RS b, ik
VR 4 o 2% 1 3L 32 AR B e ik K oy iR
SIBER o R SE TR GRS SR I, A R
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ZENEAE T s, T3 S50 4 7 T4 g R e e o
WAL HIFNIIN, LARIEK 2 B (Brodribb &
Jordan, 2011). DRI AE e AU AR A Bl 7 X, MABATE e
YA =T S BTVt B: NV 9= 0 R A )
W ik 2 Bt 2 B9 0, 26 s D e 3 B R AIE I 7K
Gy FUFR 4y (R i, A AT 28 RS 3l 1 IR 2
1To AEJ1% b, WERKAE R i i eh AR BT i o3, o
W i B0 SR o AR RO 4 i KT R,
Hom e g el JA T B g S, B LR RG] AKX
AN IR S, PRGBSt (9 386 n, 75 2R
h BRI P L3 G B K ok i LB R £, A
SR RN

25 4 4R PR A 2% A 1) 78 A Al 2t LR B
I BT AT, XK, R A T
KANFIHECE S PSR TR G, ZETRIE <3
R, Rl BA RN, B AR R,
B2, TEIEAR MBS, i BB
3% 4R (HUff et al., 2003). ASHFZTHIESE TiX
MO REASTRECS B IR AR O, BE R R T
M TEASTREE N, WA BRG]
DASR L —Fh R HR 42, Tl R K AR AR R 1K T,
77 L ARG af B BRI Iy 40 ) iR 7K 3 sk o s
(1) ¥4 V5 -5 fif 74 2E (freeze-thaw embolisms) (Feild et
al., 2005), DA o R S IR 39 In 7 B sk MG
TS R o RIS, Ry o B R I A
WA AR FE P — o 2 Sk, 70 AR K R4 S E
ik K B R YR IR B DA B IR R, A A I
B IREE TR, I R VR Bl Sk TR R 2 £ B 1)
KT FEFTHRIY (Royer & WIlf, 2006). 7 FgdbFEAY
Wty X, JCHIEAEREAT I AL HR XI5, MATHE T-0
C, AAKFEgERL, BRERIM I R B i,
FOEAFREPRAL, W38 i o> AR, b
A 0 R AEAR R IR S R A 3, 4R 4 i it =
TERED), RIS AE I Al b — 203 o 1 U 1R 8
1, AR MR AR N PRI T 10 3 A i B T AR IR
RSB A4, s RS RE ), SRR
JERF AR K E
32 MARESMHIKBEXE

AHFERIN, A I BR FE A4k, AR B
B Fr () —SE TS YRR I A B B ARk iE s, A
R B 1R I R T 2 WK 2 ) S0 A7 A S 5 TP AH O
KA(FKD), XKD Re RS T IRE & A 138
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Fig. 3 Relationships between leaf morphological traits of Quercus species and mean annual sunlight (MAS). SMA, slope for stan-

dardized major axis.

RS MREB AR RS TERIRZ R G R

Table 5 Relationships among leaf morphological traits of Quercus species

R TEAPER S04 LogMmiA:  LogM ik  Loghl Wik %  Loghatt)¥  Logkdilt LoglE&+a%k
Leaf morphological trait Coefficient Log leaf  Log leaf petiole Log leaf Log Log length-  Log shape
area (cm?) length (cm) vein density  compactness  width ratio factor
Logr iR LIP3 4 1.000
Log leaf area (cm?) Correlation coefficient
WEE 0.000
Significance
Logm-#i PS4 0.318 1.000
Log leaf petiole length (cm) Correlation coefficient
Wk 0.040 0.000
Significance
LogHH ik # i ARG R -0.931 -0.134 1.000
Log leaf vein density Correlation coefficient
ITE 2o 0.000 0.397 0.000
Significance
LoghA #iU&E = R H 0.537 -0.047 -0.512 1.000
Log compactness Correlation coefficient
B 0.000 0.765 0.001 0.000
Significance
LogK: 5 Lt LB 3 -0.138 0.351 0.398 0.111 1.000
Log length-width ratio Correlation coefficient
BFEE 0.384 0.023 0.009 0.485 0.000
Significance
LogTEA45 %1 PSS -0.546 0.058 0.524 -0.998 -0.102 1.000
Log shape factor Correlation coefficient
BN 0.000 0.717 0.000 0.000 0.519 0.000
Significance

doi: 10.3724/SP.J.1258.2013.00083
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WA LRI o XM A8 45 K 1 ORI AR A 0] B e 4
R AE KR R EZEMASE X, R R/
AR B AS AT AR S B ol £ AN [ A58 SE I Ak
A M H, SRS AR SC &R
AHEE, ThREMEIR 1) ) 5¢ 28 58 N 45 %% (Wright et all.,
2005).

I RIS B T A B ) #1175 R B A E
(A2 R P27 35 X . Niklas (1999)WF 5845 Hi, R,
I RKBHEESS K- BRI AR [ g 1 A
R EAR MR o 01204 T g AL RE T L ROAR S A R,
B TR 3G I, R S AR AR I iy, X
B E T BAAE R AR WL Wy 3 AT WF 9849 10 45 e
(Niinemets et al., 2006, 2007; Poorter & Rozendaal,
2008). {EFa ALFEAT IR AT X, R S AR A R
B T AR N T G, R B AR R R AR AT
Wy TRyt £hgh, ASE ] DLk 5 245 i H
NN 19 R T TR TR RN R
I BEAKEERI SR LR o

2573 2R REBE I v /NS iy g oK, 32 8
IR RATHURE RGN, W RS TRERA, B
AT Bp B A A3 K v BE R 5 p 3R AEARAHE
Yyh, A T o IR L S AP A A R A O
K Z&(Aizen & Ezcurra, 2008). B ARBEIREE 1 B,
e D /IN T 388 04 013 D1 FRPR IR WSO i 2> 8 B 1)
HOR, DUMERERR SRR, AR skbs b
TSR B R i A b, RN R R T 6 B £
AR AR IR ARG (1) A A SR, 3 39 hn )
Oy ZERERE, S P B0 R i s AR v i R R
AR KT R OO B K R F R4t T
AEEEEA . SAh, R B RCK L SR
FABL, -y 2Rt BG4 AR A By i i SR B
TEAERI < (Nicotra et al., 2008; Royer et al., 2009;
PR, 2012), 1E R ACRE B X, BEVE B )
BEAIG, iy RN 25 SRR PR 086 m 2 [ I A A=
f, MR R o i G5 R L A L [R] AR A il B
JARIBR ), IR FA B R i B R

FEAHIFFE, KR 5 5 T AURH - 25 5 28R
JERGAHIRK R, K0T e HREM T Fr Dy se 4t
HMISCFF AR BN R RIG I . WEFTHR T, m
Jv ) e G K R SCRE 85 0 B BN 5% RS2 e
F A VR B 1) 3 #E K 2% (Niinemets et al., 2006). £F
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TRV AR, P BRI (AR 0T SR
T AR S RF 25 HE I B NAR S AN, AT T s /0 (R AR
SR R (AR AN fEK) (Pickup et al., 2005). i A
DX 5k o [ 8 T S e % 1R R i i 24N AR A
K53 T B M A A, BRI AERE A L
IR R A 4 AF T, BRSO et
AR PR S & RE ), T v DhRe &S M (4
BN DA AR Uy SCRF A5 R 0 AR F N8 T B
R JE AR T AR R R O SR 03, R
FRCRE 3 I EL 7 TR SR BB AR, 4 B4 4 76 25 )
AT R g S A B, T B A % KUK
VPR S5 T S, DT T L o v o) ik £ B
BENBA LIS G o0 B, $8 mnd iy 24t sl s U 11
SCHERE T, AT I R AR BN sk A Bk
PRFEN IR NI [ 30T Rk BE R PR
K B8 LRI A3 B (R AR 2 — (B SCUR AR,
2010), S B Ffr iy 1 (1 i T KR 40 AT O TE R
EHE 2 1) (K 58 L 1.26-3.07) « AW 9T BN, 7EFIbEE
TR AT X, BRGS0 Bk S AR I i K
LU R AR JSE TR M AN S22, A K 5 L S5 A
R fok 2 B 44 2 2 IE AR DG o 3K AIE SE T Wright 55
(2005) (M hiie, R SZHF 700 Gl HORE RO S5 2L Ath PRI
FIm, R — e AR MR R A8 2% 1A
i = AR AR I A A3 B e AR, R B
APRRM P RTINS XU, ERHF iR
AR A i R X, AR SR AR Ak 335 I PR 5 4% A 1 AR
o, R ASE Tk 3G e ik B AR s ) )oK
SYISHTRE Sy, TR A A B DU T R i
), G s 7, I BT AN DR ) 4
TERNE, BRAGM: F iRa2 2BE g LA gk 3 2 1)
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4 g
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AN, BRSO B> (B A TEAR P R 5. A
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