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Variation of leaf stomatal traits in Quercus species along the altitudinal gradient

in Taibai Mountain, China

WEN Jingwen', CHEN Haoxuan', TENG Yiping',ZHANG Shuoxin'?, WANG Ruili'*
1 College of Forestry , Northwest A&F University , Yangling 712100, China
2 Qinling National Forest Ecosystem Research Station ,Yangling 712100, China

Abstract; Stomata are the main channels for water and gas exchange between plants and their environment; this exchange
adjusts the balance between plant carbon assimilation and water loss and reflects to some extent the adaptability of plants to
environmental changes. In this study, we investigated stomatal traits in four Quercus species along an elevation gradient
(1100-2300 m) in the northern slope of Taibai Mountain ( China) and explored the patterns of stomatal traits and responses
to environmental variables. The results obtained were as follows. (1) There was a significant positive correlation between the
potential conductance index and stomatal density in all species except Q. wvariabilis. Moreover, a significant positive
correlation between stomatal width and length was found in Q. wvariabilis and Q. aliena var. acuteserrata, whereas a
significant negative correlation between stomatal density and length was observed in all species ( P<0.05). (2) The
stomatal width and length of Q. wvariabilis and (. aliena decreased with altitude while their stomatal density and potential

conductance index increased. However, the opposite trends were observed in Q. wutaishansea. Furthermore, along the
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elevation gradient, the stomatal width of Q. aliena var. acuteserrata decreased and the other stomatal traits showed a single—
peak pattern. Particularly, the stomatal length was the shortest at around 1600 m while the stomatal density and potential
conductance index reached their maxima. (3) Climate factors had greater influence than soil factors on the variation of
stomatal traits along the elevation gradient. For instance, the potential conductance index was mainly positively correlated
with atmospheric temperature and air humidity but negatively correlated with precipitation ( P<0.05). Of all the factors
considered, air humidity explained the largest percentage (22.9%) of stomatal trait variations. Our results enhance our

understanding about the adaptation response of Quercus species to future environmental changes.

Key Words: stomatal density; stomatal length; potential conductance index; altitudinal gradients; Quercus
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694.2 mm , AEEJE 13°C 1% FEIFIK 800—2300 m 2 1] F2 B g3 g i Ay, P AR T4 800—1400 m [ Ay 4
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5, IR DI AN | A 55 KA R 7RI 1900—2300 m [A] R 3L AR ( Q. wutaishansea ) PRIEAT | 135
A3 5 5 IR A TR AR A WIS DX PR S AR R 3 A e A MR, BRI A R AR
WAR Q. aliena) Bith ¥k JLARHR,

2 WRAE

2.1 BRHMORE 2300
2016 4% 7 A DL 100 m W4 ] B, SRAE K (1 1L db 3k

1100—2300 m {4086 BE AR AR AP i, EIBUHBIE | 3 s e
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AL 2 mm B RFEE OB O LA AL 2
UM A S i I A 3 AIR R JRFERD pH (A L s o mokem A
22 EHNIE
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SD. [FIETERE ST B b AL 3 A SAL, A BCE B9 43 B B0 i LA B (Stomatal length, SL) |,
FLSE B ( Stomatal width,SW) , A8 SCLAR LA PR T A0 A4 Bl B2 (um) AR I BE (uom ) ARESFL KN,

SFL AT IAYEFE B3 Valladares ™ B9 72315, BI AT ¥PEFE %0 ( Phenotypic plasticity index, PT) = (K {EH -#x
/ME) /TR KAH

T AL BRI AL NE R POE R AL (g,,) 777 R AT Holland ' 45 A7 508 1 UL =
FEFE%L (Potential conductance index, PCI) ,
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ARFFTR s P S 57 B AE N IR ( Mean annual temperature, MAT) A X ¥ # ( Relative humidity
RH ) B4 (4 SR HIE | L 382 4545 th ) #E338 AXAE 9 B 7K (Mean annual precipitation , MAP ) £42 i 4 5
WA, SR VA e B SR ARG B RN K

MAT=-0.0049°ALT+17.9, (R*=0.99,P<0.001)
RH =0.4 x10 °°(ALT)*-0.0153°ALT +83.7(R*=0.95, P <0.001)
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FORMEMERIRIR , ZIHTHEPE(S) MATR Version 2,00 BTS2, HJa , X ALK S BRI 7 9647
AR e — FRZAERRY (GLM) 434, S50 i A3 R T SPSS 20.0 1A #EATAL B AHOCIEIE ) SigmaPlot 10.0
LI OriginPro 8 A2l .
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3.1 KA WBRE RS

BB R LR WEE 1, S ALK P, SD  SL Fl SW B 43591 8 678.27 4A~/mm* 21.08 wm
15.18 pm, 28 4k 38 2 404.00—1072.00 /mm? [ 17.69—26.99 pm . 12.01—27.38 pm, 1, SD 945 S f Br
(CV=0.25) KT SL(CV=0.09) Fll SW(CV=0.16) , PCI BJZEfLILHE N 17.56%—45.05% ,F-FI{E K 29.67%,
S RECN 0.22, MR 2 ATIL, it BRI K2 AR PCL W SRR ECE R, 40 510 0.446 ,0.392 ; B #% SD BT
IRVEFR RO K, 0 0.397,

XA ALPEAR A T 22 52 25 VR A T 2 W (J&] 2) 4 B AR SL.SW  PCT S54HER 50 6 A% AL R AR =22 [ 25 5
F(P<0.05) , ILARBRSBHER SW SL Z [ 225 A 5.2 (P>0.05) ,SD 5 PCI 2 5% &% (P<0.05) , HitikmY
SD \PCI 515 #2257 83 (P<0.05) . Horp  #2 BE R SL d5e K, I AR BRI Z s MR Y SWd5e/h, 18 B Rt
BUAHR AR SD 5 PCL K HIC W2 220, #8 K2 A%k SD s5e/y IR PCL /)

F1 |AMERFERNEERR
Table 1 Statistic descriptions of stomatal traits

FHIE AR FH{E R/ME RKRE b2 i )32 A R
Traits Number Mean Minimum Maximum Standard error Skewness Coefficient of variation
SD 51 678.27 404 1072 169.39 0.17 0.25
SL 51 21.08 17.69 26.99 1.85 1.49 0.09
SW 51 15.18 12.01 27.38 2.49 2.87 0.16
PCI 51 29.67 17.56 45.05 6.39 0.39 0.22

SD .S FLEE stomatal density ;SL: XFLKJE stomatal length; SW ;. “TFLFEE stomatal width ; PCI 3 AESFLFE 84X potential conductance index

R2 AMBEEMMSILEROTEEER

Table 2 Phenotypic plasticity index of the variables of stomatal traits for four species of Quercus

AALFHE MIFl Tree species
Stomatal traits T BEBR iR BLI PR TLARHR
SD 0.203 0.299 0.397 0.225
SL 0.201 0.132 0.214 0.102
SW 0.271 0.09 0.114 0.136
PCl 0.392 0.355 0.446 0.297

ﬁgz@%:Quercus. variabilis;ﬁ%}%;@. aliena;ﬁﬁﬁﬁzo. aliena var. acutesermm;il?ﬁ@%:@. wutaishansea

32 AR R
W55 3 fioR, SD 5 HA S FLHR I 56 2 | 1A 3 B K (P<0.01) ., Hip SD 5 SL Fil SW 6, 5
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Fig.2 Trends of stomatal traits in four species of Quercus from Taibai Mountain
SD .S LB E stomatal density;SL: TFLIKE stomatal length; SW ;X FLFEE stomatal width; PCT ¥ 7E S AL FEEHEHL potential conductance index;
S:HE K MR Quercus. variabilis; H: A% Q. aliena; R:8ii5#k Q. aliena var. acuteserrata; L. 1L A% Q. wutaishansea

PCI IEAHG, SL 5 SW AFFEM 2 3 19 1EAH5E (P<0.01)

*£3 MESFLEFIEEIR Pearson 183K R &

Table 3 Pearson’s correlation coefficients among leaf stomatal traits

SALFIE AL LK SAGE WAL SR A
Stomatal traits SD SL SW PCI
SD 1
SL -0.522"" 1
SW -0.422"" 0.663 " 1
PCI 0.758 " 0.15 -0.025 1
#%  P<0.01

2L AW, B e B2 BRA1 , SD 5 PCI Y 1E AH DG 3¢ 8 78 FL A A b (] 347 35 21 {25 K F- (&1 3,P<0.05) .
SW 5 SL Z [8] A 1E AR5 2R e B AR ABE 16 485 2 ] 15 31 4 3 /K (18] 3, P<0.05)

SD 45 SL Z [AfFFEfe e M SR DG OC R , X R A S SC RAEAN RIS Rl Z [RIBIAEAE (181 3) o SRR Bl ] A 3
Z5AEE (SMA H[ERPEHN-2.076,P>0.05) (HE M R A7 7E 5.3 22 5% (P<0.05) , Horp | 30 ZRBRAL 19 18 E 5
KB RAL R BN, N RS EULER 4,
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Fig.3 SMA regression of stomatal density and potential conductance index, stomatal width and stomatal length, stomatal density and

stomatal length for different Quercus species

HA B RIH € £ (P<0.05) . * , P<0.05;*" | P<0.01

R4 TREMTHESFLINEERER SMA 5347

Table 4 Stomatal function between different species of SMA analysis

FER Ve A LIS BEKFE GRS 95% EL {7 IX [i1]
Index Group Number R2 P Slope 95% Cls
SL 5 sw H 19 0.003 0.836
L 36 0.053 0.175
R 81 0.077 0.012 1.3171 (1.0639,1.6306)
S 18 0.779 <0.0001 0.8135 (0.6358,1.0408)
SD 5 PCl1 H 19 0.447 0.002 1.045 (0.720,1.516)
L 36 0.605 <0.0001 1.191 (0.958,1.480)
R 81 0.463 0.042 1.297 (1.101,1.527)
S 18 0.234 0.052
SD 5 SL H 19 0.136 0.021 -2.407 (-3.811,-1.521)
L 36 0.738 0.003 -2.672 (-3.759,-1.899)
R 81 0.229 0.018 -2.088 (-2.602,-1.676)
S 18 0.22 0.049 -1.03 (-1.620,-0.655)

S ¥ B MR Quercus.

http ; //www.ecologica.cn
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Fig.4 Variation of stomatal characteristics of Quercus trees in Taibai Mountains along the altitudinal gradient

#*  P<0.05; " ,P<0.01

4 P R S FLMER TR AR A A A A ], 4 KA AR BR £ SL SW Bt 4% T s T B W 42, SD  PCI 4 Jim
BETERAY SW VISR AR B, A8 AL AR BT, SL GRS T, 7249 1600 m Ab ik 5 & /M, R SD K&
PCI 3k 3 KA, 2 )5 BEVER THES A s I R AR SL B &, SW AL, [R10F, SD 5 PCI #F IR A
34 MAESAERESSHERFRLR
341 SALMRS EHER TR

SRS R T IA T EE S 2 S iR, H R EEXT SL AEAE B3 20 (P<0.05) , 38 Rk |
SV A DR AL R IR 34 T 1 2 R e (P>0.05)

342 SALHRSSERTHXR

SALERIR 5 S5 K - B9 DG oA o, BB A R K iy 3G, SALKEE  RALSE R O e S AL R EEFR 2L
HbtiZ TR R e S FL S B HE Rt 2 T B B B B T M T, LR B (R 5) . AR, &5 7
XS LG BE (4 R I 24 A 18 3] i /K- (P>0.05)

HE— 25 T 4 PR BT R X SFL IR (0 A R T Y A0 R X 7 S S B R B i ) R /Ny« W
>TRLEE S FEAK B Al B8 S A5 I 1 43 311 22.90% ,16.70% 4.31% ; KK et J& 5 <AL 5 5 B2 i =22 1A
T RN 4.10% 1 4.60% (3% 6) .
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Table 5 The relationships between leaf functional traits of Quercus trees and environmental factors

W7 SAEE SALKE SALIERE WESIL T EERREL
Environmental factors SD SL SW PCI
AEHEE MAT/C 0.239 0.22 0.266 0.309*
AEARE K B MAP/mm -0.108 -0.322" -0.358* -0.333"
AAXHEE RH/ % 0.234 0.225 0.27 0.407 **
LK TC/mg ¢-1 0.026 0.135 -0.062 0.133

A+ Y B TP/mg g- 1 -0.147 0.352 0.322 0.058
+HORE 1% 0.205 -0.309* -0.247 -0.021

% ,P<0.05; " ,P<0.01; MAP :mean annual precipitation ; MAT : mean annual temperature ; RH : relative humidity ; TC: soil total carbon;TP :soil total

phosphorus ; H; soil humidity

% 6 PCI.SL.SW M —f £ 48 (GLM) &R

Table 6 Summary of general linear models (GLM) of potential conductance index.stomatal length and stomatal width

SBHTF In PCI In SL In SW
Meteorological factors DF MS SS% DF MS SS% DF MS SS%
MAT 1 0.50* 16.70 1 0.00 0.02 4 0.15 3.70
MAP 1 0.167 4.31 14 0.21" 4.10 10 0.19" 4.60
RH 14 1.15* 22.90 1 0.03 2.17 1 0.00 0.03

DF, HHE degrees of freedom; MS, 375 mean squares; SS% , fft B&F- 5 AT 43 kb, percentage of sum of squares explained; * ,P<0.05; ** |, P<
0.01

4 itig

4.1 SALPRARIE] A S

SALPERAEA R PR R AR BOR 22 57 AN [R) LR 8] 56 28 0, AR A e e P PR 445 SR o o7 BT A A
B AR

4 IR SR AT 1) L L (SD) LIS (SL) Z IBIAFAERRE I TSGR 2R IR 4 2R 5 FLA S Z2 9 b %
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