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Response of leaf functional traits and the relationships among them to altitude of

Salix dissa in Balang Mountain
FENG Qiuhong'*, CHENG Ruimei', SHI Zuomin" ", LIU Shirong', WANG Weixia', LIU Xingliang”, HE Fei’

1 Key Laboratory on Forest Ecology and Environmental Sciences of State Forestry Administration, Institute of Forest Ecology, Environment and Protection ,
Chinese Academy of Forestry, Betjing 100091, China
2 Sichuan Academy of Forestry, Chengdu 610081, China

Abstract: The relationship between plant and environment is always one of key issues in the field of ecology. Attentions
have been paid to plant functional traits and the responses of some traits to environment have been found since 19" century.
Many researches at different scales have proved that plant functional trait, especially leaf functional trait, is a useful tool for
linking plant and environment. However, the relationships among plant functional traits are more stable and more
meaningful than the relationships among the traits and environment. Study on the responses of plant leaf functional traits and
the relationships among them to altitude gradients is helpful to know how plants responding and adapting a changing
environment. Foliar traits on photosynthesis, diffusional conductance to CO, (including stomatal conductance (g,) and
mesophyll conductance (g, ) ), carbon isotope ratio (8 "C) , nutrient content and morphology of Salix dissa shrub in four

sites with different altitudes (2350m, 2700m, 3150m and 3530m) from Balang Mountain were measured and analyzed in
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order to understand how leaf functional traits and the relationships among them of the species responded to altitudinal
gradients. The results showed that leaf nitrogen content per area (N, ), maximum rate of carboxylation (V) and
maximum photosynthetic rate (A, ) increased with decrease of air temperature and air pressure along with altitude
increasing. It was likely the response of the deciduous shrub to shorter growing season at higher altitude. However,
photosynthetic nitrogen use efficiency (PNUE) and specific leaf area (SLA) decreased with altitude probably because S.
dissa allocated more and more nitrogen to non-photosynthetic system, such as cell wall and so on as a kind of adaptation of
plants to severe environment. Diffusion conductance (g, and g, ) and carboxylation capacity were main factors on foliar

carbon isotope discrimination, but V_ _had more important effect on leaf 8 °C than diffusion conductance did. It resulted in

leaf § " C of S. dissa increasing with altitude. It was obvious that allocation of nitrogen between photosynthetic system and
non-photosynthetic system was a key factor on the adaptation of S. dissa to a changing environment at different altitude

Balang Mountain.

Key Words: leaf functional traits; altitudinal response; relationships among traits; Salix dissa; Balong Mountain
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Table 1 Leaf gas exchange traits of Salix dissa shrub from different altitudes

R KRR TP NED et Aot AR M I 3 25 SIS P4
Altitude Vemax Apax A R, 8 &m

/m /(umol m2s™)  /(mmol m™2s7')  /(pmol m™2s™")  /(pmol m2s7!) /(mol m™2s7!) /(mol m™2s7!)

2350 50.85+8.69Bb 29.85+3.47Cc 8.47+1.32Aa 1.78+0.13Bb 0.14+0.01Aa 0.08+0.02Bh

2700 61.63+5.93ABab  36.86+2.64Bb 8.96+3.19Aa 1.91+0.16Bb 0.1320.03Aa 0.15+0.03Bab

3150 63.74£5.26ABab  39.04+3.56Bb 10.24£1.27Aa 2.040.32Bab 0.13+0.01Aa 0.20+0.03Aa

3530 71.74215.74Aa  46.55+2.97Aa 7.66+1.91Aa 2.38+0.26Aa 0.11+0.04 Aa 0.16=0.03Bab

NER NG FRE B R 2525 8.3 (P<0.05) M i3 (P<0.01) 5 V.. : maximum rate of carboxylation; A, : maximum photosynthetic rate;

max

A': net photosynthetic rate; R;: dark respiration rate; g : stomatal conductance; g, : mesophyll conductance

B TR R T o, BARBRASAE [A) 0 2 FUAEL (87 C) AP E—E B I 8l (E R AR5 Bz T AU (N, ) 264U,
PR BT Y BARCE FOR AR A AL M- 37 A — 5 A3l AEATS AN L TR (SLA) 2R 1), B A Lt BRI
A H A B R A B (N, ) IS B d (£ 2) .

R2 TRABHRENMMHAERSEAAENALERLHER
Table 2 Leaf nitrogen content, PNUE and SLA of Salix dissa from different altitudes

i BB A S B T AR )'Cﬁfhﬂffl?ﬁ%@ et AR R U 2
Altitude/m N Nares PNUE SLA 8 C/ %o
/(g/100g) /(g/m*) /(wmol mol™! s71) /(cm?/g)
2350 2.67+0.28Aa 1.40+0. 19Che 83.80+8.77Aa 191.21+20.32Aa -29.25+0.18 D¢
2700 2.64+0.30Aa 1.64+0.12Bb 76.79+28.60ABa 154.46+17.07Bb -27.69+0. 06Bab
3150 2.46+0.29Aa 1.70+0.21Bb 81.64+4.76Aa 146.88+7.24Bb -28.31+0.52Ch
3530 2.79+0.27Aa 2.05+0.23Aa 53.36+16.86Ba 136.08+7.91Ch -26.95+0.47Aa
N,,ues : leaf nitrogen content per mass; N, : leaf nitrogen content per area; PNUE: photosynthetic nitrogen use efficiency; SLA: special leaf area;

8" C: carbon isotope ratio

2.2 M DRE PR ] 5 28 X AR S A WD 7
R AP B g, MO, oA BRWREZ N H g, V... 5 A TR FARSE IR LB Xt
T A, KU SR, B g, A1V, WEIREHIEMHCR B g MNTRERLLR (L),
WL Fos  BEE R T & R N, The  PNUE B v, BIBEZ &1,
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Table 3 Relationship between photosynthetic rate and other functional traits
.- log(ALE) log (™[] 200 i 5 B2 ) log (R RIRILH )
L log(g, log(g,, Log (Ve
Coefficient
/(mol m™2s7") /(mol m2s7") /(wmol m™2s7")
log (LA HA) r 0.644 0.315 0. 134
log(A/ ( pmol m™2s™')) P 0.004 0.176 0.608
n 18 20 17
log(Fe REFOLAHR) r 0.199 0.699 ** 0.600 *
log(A,,./(pmol m™2s™')) P 0.461 0.001 0.011
n 16 18 17
n BEARKG P REVE r MIEFREL + P<0.05, * + P<0.01
® 2350m o 2700m v 3150m & 3530m
2.0 2.0 - b
= 1.9 ¢ 1.9
5% £
oy 17t 17 L
B
-
— 16+t 1.6 ®
—— R?>=0.31 P=0.012 R?=0.43 P=0.002
1.5 : : : : : : : 1.5 . . . . . . :
0.05 0.10 0.15 020 025 030 035 040 1.5 1.6 1.7 1.8 1.9 2.0 2.1

log(BAAL T A A L) log(Narea/ (g/m?))

log(Yt A &M FIRLEK) log(PNUE/ (umol-mol !s71))

B1 REYIN,., PNUE MV, BXFE

Fig.1 The relationships between N

N,.ca : leaf nitrogen content per area; PNUE: photosynthetic nitrogen use efficiency; V.. :

area 3

PNUE and V_,,.in S. dissa

maximum rate of carboxylation

W 2 B A AR T, S R0 SLA B2 B4, 1T g, BEZTH5

WA AR EE  BEE N, V. 1 g, BYSEN, 552
Wiry 8" C MIBEZ i, Horbr g, 5 87 C R IEAR G E R
W& /NEE T g, RISV C BTG E A CKER (R 4)

3 £i5itie

ST AW S I, B TR TR, AR A
MRy N, TR EAES E N, 8 ET
IR SRV, BB i T R T G
HIRILRE T BARAE— R DARIE T A, W3, {5 A
MR ELER (R 1,%2), FEEHATREET,
BIEMW AR S5 CO, ZF T, SR A %
FEZ CO, W (BAALTE) MRS, M 24758 Co,
W EE R AR B, BRI AR T UG Co, WRE (BRAL T
B BONAEYD G R BRI A 7 (F3) A, 4wt
GBS R T

log(I- Py 4 il )

-0.4 ¢
_ 0.6
T‘{’
|5 —08 A
3
g
=< -lot .
%g e 2350m U
<, o 2700m
“r v 3150m
a2 3530m .
14| —— R*=031 P=0.007
205 210 215 2.20 225 230 235

log(Hu i) log(SLA /(em?/g)

B2 RBHSLAS5g, EHXE
Fig.2 The relationship between SLA and g, in S. dissa

SLA: special leaf area; g, : mesophyll conductance
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(RO ) SESREE T g, 2R AL AR AL RE T 1 5 M DU 2 B DRl e > R A B g Wil A T4 04 T i T 1
Jirs CO, I, M FEL T g, BBIEIM(R3) o MO, BEF B THE A0 R, WEEZ 5N, X5 Kumar
AFUIRE R BN (B ST 245 R A, VT RE AR AT A 4 SR T B R A R ) — P i

x4 BRERMGCELESHMAEEERKEXR

Table 4 Relationship between 6> C and other functional traits

- log(PAM AR AT )  log( e KIRLHE R ) log(FLREE) log (M P2 A5 )
CO;f;icient log( N,y log (Vs log( g, log(g,,
/ i /(g/m?) /(wmol m2s7") /(mol m2s7") /(mol m™2s7")
ks e R 2 LA r 0.769 ** 0.635"" -0.337 0.499*
8" C/ %o P 0.000 0.003 0.172 0.025
n 22 20 18 20

# P<0.05, * * P<0.01

BEE AR B THE  SERUMI I Fr 87 C WBEZ 3G (£ 2) , X SR MBF I 4 BT R R A
8" C HURALAL 5 AMA CO, AR L (P/P,) B TS Br L A o i | 87 C B9 B Rk J2:
P/P, W EZm N BEE N B e v, WEEZ AN 1a) , SET S BRI S CO, HeE
BAIG, P/ P, BEAG, M H 82 C S8, WBE R - g, T g, BTN, RALDL 5 CO, BEZ 38, vt P/ P, 3
T, R SV C R, (EEARFSE R ML Z T RACBE AT PP, Ty Z 0 85 C 52 I RS k1 S 3K
P R 8" C BEE R T E I (e d) , BR g, W5 R §°C BRI FHIEA KR HX A
BEVLRA g, XFIF R 8V C HAMRIER , WAl 2 2 V. BRI SEUNE R, FL b, §°C
FE—E R EACE TR KR RCR 2T B R A TR, AR K o & R T RE T, (K 4
AL EIAAR | B YR T v T B A I 8" € 2 S BUAG X6 T it 25 o T e 1T A AL 1140 = 39 7K 43 ] 1)
P —FpaE 25 R

ARG, SR - PNUE B V4R B9 TH R MR (36 2) ,iX 5 Hikosaka %5 X6 5 ok PG 37 340 [
F LR DT 25 SRR L, A IE IR | B AR T T REAR Y CO, ¥R B mT 2 R 380X — 25 SR =22 s [
Z—o (AW CO, ¥ HCT B I RBEER T =R (2 1) AN B E 2 A E TR
AR it FEGEYIM B PNUE FRARAY FZR A Y KSR £ M5 R 0T M)
- JR B B 2 80 (SLA FEAREL LMA FH&7) AR 8 7RISR (R 2) . Xk —2e A 2ty
B TR S R A VR T RN A SRR 2z — T AR R B R R R S R — e, B TR
s AR R BTSRRI (BT ) M ST RS N FE— e R LR T YRR
FRALRETT . BLAh, AW, B R 0 A, U R AR AR AR LA AR B i e 48 SR A FT B2 X TR
JE AR B — Tl 17, T L2 88 PR A8 40 17 12 R A ' L4, Gn i PR 20 i B i PR A BE 2 R R B A I
TR AL EE R, VB R 7% HRE R 19 S R AR K R4, oK 8 2 R R T RRIBBE 1 e, b im 53K
Voo FIA, FEZHON(E ), SUCE R R SLA MM RS, 10 g, WIBERSRTHE (E2) . R g, BB
FEAZRABE TIPS, BT LS8 g, YEINBURE AT = — B — R AR H TOLE R A B & R, 11
FRACRE IHG I, o5 —0 57 H T 40 M B S B A L0 2L ikt , S 350 3895, B8R CO, B BUS R A s ] ¢,
ZIRACRE S TR ST g, A REER TS IR alUR AP R 2 R EH T A8 g, dhim s 280t S
Re ok BB JE (5 CO, PR AREN R e 46 45, S50 g, WEVERIG N, SRR T £ N, FEE K
THERFEE KT ¢, (£ 1,2 2) U0, A ZH A2 LA R AR (BF) A, e mife ok g, , mi&—
WA TADEE AL Il —ERE LR T g, AN, XS5 T PNUE BEMR R REE, X2
VAR T AR P 0T T8 25 PR35 1) — o i,

25 LR BEAE VR T R AR EE FUR SR BEAIG, 5 AR i AR R R R, AR R N, B
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TNV, BEZ I, D PRALE 1 T4 M DX v - RE AR W e B A R B 27 TR, B T4 10
Tt , S AUNE R — AR > R T ARG DA 2t Ry st | S T4 A e 4 DAL o % T SRR 5 X
S RARIIRTTRE ), X R S BN 7 19 S 1) R BN O 2 PNUE BRI 3 B BE R AL RE 1 272
AR TR 67 C B EE R HRABE TN TAWE T h S BUMI T - 87 C(P,/P,) HYSZM SR LE | 1M S i
(EREE ST S TR N, B R T & AR AR SR A IR S T, S U0 Y I e i 34 e & R AL e 1ok
LA R AR R R O, T8 S 38 K 2 M R (R 6 C) At BB ARy K 2 TR P, e i 4 B A - o
A 5 TR ) 2 PR | X SEARJEAR Y DI REMARRT T 2R3 B AR 0, i R B, Herp AR A 5P
F AU A 7> Pe sl SR RE 1 5 R & i DL E SN HIRCR Z 11 56 22 S UM 1oz 2 RIS LA ] Tigdhe A B8
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