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Abstract; Stable carbon isotope discrimination occurs in photosynthetic carbon assimilation process. Stable carbon isotope
fractionation (A) in plants is determined by genetic characteristics and photosynthetic styles, while also greatly influenced
by many environmental elements such as temperature, water status, irradiance condition, and atmospheric CO,
concentration. The relationship between leaf stable carbon isotope ratio (8" C) and temperature or rainfall continues to be a
controversial and unresolved problem in the field of plant eco-physiology. In this study, we determined the correlations of
leaf 8°C and A of tree species with environmental factors across different climate gradients in China using Mass Spectrometry
Methods and statistical analysis. The one-way ANOVA results showed that there was a significant difference in the leaf §"C
and A values between the different climate zones. Both leaf 8" C and A value had strong correlations with the most climatic
and other environmental factors. In each sample place, annual average temperature, including annual lowest temperature

and annual highest temperature, annual relative humidity, annual rainfall and annual frostless periods were all significantly
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negatively correlated with leaf 5" C values, whereas, the climatic factors were significantly positively correlated with leaf A
values. 8"C values had significantly positive relationships with annual sunshine hours, annual sunshine percentage, annual
temperature range, annual evaporation, altitude and elevation, whereas A value had significantly negative relationships with
annual sunshine hours, annual sunshine percentage, annual temperature range, annual evaporation, altitude and elevation.
Change trend of leaf 8”C and A values in each site did not significantly vary until annual temperature,, temperature range,
annual frostless periods and annual =10°C accumulated temperature respectively reached to 19°C , 23°C , 309d, 6000°C ,
and then the Leaf 8" C values increased and A values decreased with the increase of the above temperature indices. When
annual rainfall, annual relative humidity and annual evaporation were more than 1105mm, 75% and less than 1700mm,
changes in leaf 8 C and A values at different places were slowing down with the changing of water status. The influences of
topographic factors such as latitude, longitude, elevation on leaf A values are indirect, as the topographic factors are mainly
correlated with the climatic factors including water, temperature and irradiance conditions, and they together affect leaf A
values. There was no significant relationship between leaf 6 C and A values with longitude, or annual extreme maximum
temperature. The above results suggested that the water and caloric requirement of plants was basically satisfied in sub-
tropical and tropical area, therefore relatively environmental change in these areas had to a less degree influence on tree
physiological behaviors and leaf stable carbon isotope fractionation. However, in northern part, the exterior environmental
factors, such as lower moisture and lower temperature, all significantly limited plant growth and physiological performance,
and these extreme climatic factors caused the variation in leaf carbon isotope fractionation in the 13 sampling places across

different climatic gradients.

Key Words: Leaf;58" C;environment ; temperature ; rainfall ; humidity
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Table 1 General situation of sampling sites
BUREHE ARAKHY 2R 2014 #4/m
Sampling site Climatic type Longitude Latitude Elevation
Y
PERLRASELICH EIMRP D (BN) T B A A 101°34° 21°29" 750
ishuangbanna Wangtian tree nature reserve
£
,D%#jcﬁm (DOS) T R, b Bt b g 106°45' 22°05' 240—395
aqingshan, Pinxiang
| PR HAT (N AL HE R P 2 R 107419 2°12 7
uangxi University Arboretum
AR AR MY KA A (GZ) - P on o1
South China Agricultural University arboretum L P S 2 D 1132 27 3.4
FEHIRIL RO (GL) e A DL A A 109°45' 218’ 150
Yanshan arboretum, Guilin
ST (W) AR U T S 419" 30°33' <50
izishan mountain, Wuhan
X010 B AR X (JGS) SV AT 16 B L Ao Y X, B o 2 JXU e - oy gy -
Jigongshan nature reserve i AR A 114705 31°50 400—800
PIRVARRBER A (22) R TS B 13°42° 34°16/ 75
enan forestry academy arboretum
LA (B) T 116°19° 39°46° 50
e1)ing arboretum
AUl AT (YO AR P A B 106°53 37929 100
Zhongshan park, Yinchuan
Hohhot arboretum
Suyukou national forestry park, Helanshan

Maowusu desert, Yanchi, Ningxia
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Fig. 1 Location of the sampling sites
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Table 2 One-way ANOVA and LSD test of leaf §'>C and A value from each sampling site

R SRR 8 C/ I A/ B = B
Sampling sites Species number mean + SE mean + SE

BN 31 —-29.845 +0.385 a 20. 018 +0. 401ab
DQS 46 -29.328 +0.214 b 20. 472 +0. 216a
GZ 12 -28.524 +0.459 d 17.375 £0. 465de
NN 46 -28.432 +0.170 cd 18.474 £0.172¢
GL 23 -29.126 +0. 170 abe 20. 501 +0. 181a
WH 45 -28.088 +0.214 cd 18.310 0. 216¢d
JGS 34 -28.739 +0.232 bed 19.315 £0. 234b
77 55 -27.827 +0.187 d 17.951 £0. 189cd
BJ 71 -27.469 +0.172 d 17.788 £0. 174cd
HHT 35 -26.038 +0.208 e 17.351 £0.210e
YC 35 -26.783 +0.240 f 17.932 £0.242cd
HLS 32 -25.647 +0.188 ¢ 16.786 +0. 190e
MWS 8 -26.077 +0.275 ef 17.218 £0.278de

sig.

0. 000

0. 000
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Fig. 2 Distribution frequency of leaf $*C and A value in different sampling sites
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0. 127%0.0. 228%0 F1 — 0. 687%o, 0. 027%0., 0. 268%0 F1 — 0. 576%o, 0. 093%o. 0. 166%0 FI — 0. 539%o, 0. 0003%o,
0. 009%0Ff1 —0. 0012%o0,0. 0083%o.0. 019%0F 0. 0018%o, F1 0. 075%0.0. 199%0F 0. 020%o.

B2 W] A, DA R 2 5 a5 ZE R AL BE IR BE AT, I 6 C {ELZR BB /N JTFT A U R 47 38 K
T 2E I LA g B A R A sh BUR A6 N, 6 C (B R TikE A LT+ A (B WIS/ ; BLREE To 76 30 M AS K FdE e 22
R 6°C FI A (HAS IR AR R, EMESS i Y 6°C SEMBEAFELEM L, MEEE
UM I TRETRRX CHEE 6" C E 5183 2 IEAHX, 7T A6 -5 HRAE# 4R 7 0 4046 . 32 2%
TS MR KT IR B S R R 258 o
2.3 nhR 87 C A R K S

ERSIRE (RH) AR E (RF) 5t R 6°C EME B E AL .5 A REEEHX(E 3,E 4,
%3). BE#& RH A RF 435138/ 1% F1 100 mm, i} 8° C {H 4 5135 /il 0. 095%0 F1 0. 19%o0 A {H 43 51] yak />
0. 059%0FH1 0. 13%0, ARG/ 1L ( RHT5% RF1100mm) Jg43- 55, FE R b5 RH 1 RF {3 fm, - F 6°C 5 A&
B ASIE RS /N (43530 0. 092.0. 055%0 + 1% ~'F10. 04, —0. 04%0 - 100mm ") ; fifEdL, b RH 1 RF (5305,
A §°C 5 A EMASIER K (4514 0.115, =0.075 %o + 1% ' F10.31, —0.24 %o - 100mm ') , Wang 21
WA H MR B TR, P EVGILERE 9 Fr CAEY M 6°C EZ W i, FiAER T+, 1A 8°C 1A
¥15 RH Byl 6 R E00R, B I EE 5 F2 : 67 C(%0) = —20.230 - 0. 110RH(R* =0. 856, P =0.000) f1 A
(%0) =0.059RH +14.377(R* =0.329,P =0.000) ,

%3 s°CHASEFRERTZAMAXESH

Table 3 Pearson correlation of §'>C and A value with each environmental factor

&R/ A& indices/ correlation T/°C RH/ % RF/mm SH/h TH/C TL/C
8" C/%o r -0.558** -0.583** -0.549 ** -0.482** 0.551** -0.497 **
P 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
A/ %o r 0. 346 ** 0.313** 0.351** 0. 256 ** -0.322** 0.283 **
P 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
85/ #H5ME indices/ correlation TR/C E/mm AT/C FL/d LA/N EL/m
8 C/%o0 r 0.500 ** -0.527** 0.416 ** -0.561** 0.390 ** 0.523 **
P 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
A/ %o r -0.276 ** 0.316 ** -0.359 ** 0.359 ** -0.292** -0.290 **
P 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000

* % AHSCAIHTTE 0. 01 KPR + AHOCAMTHAE 0. 05 /K P E W3 T AFE ¥R EE ; RHAEKARXHREE ; RFAEXIREM & SH 4EH) H A
B TH AR RS TLAAENRIGRE; TRAFNRIBERE; EFHZERE; ATFH=10CHIR; FLAFKTTEY; LA:G8; EV. 5k

2.4 M)y 8V C A fEXT G BORMAR 78 K B A L

SIRBE KA EFRIRRA , 13 DB AN 87 C i A fH-50% IR %(SH) A8 % & (E) 4151
EBFEMRMGAIR(E 3, B 4,5 3) . K SH &3/ 10h 1 E 34/ 10mm, GfAH F 6" C G L L
It ARG 4 B3 K 0. 022%0.,0. 026%0, — 0. 006%0F1 0. 048%o.0. 031%0.0. 004%o, A & W 43 5138 /) 0. 013%o.
0.016%0.0. 004%0F01 0. 004%0.0.023%0.0. 047%0, JEIRMRIEL 1974h FLERFEEL & 1373mm B— 4 FE, K
TR, M 87 C Fl A EREZ A WERER, /N TAZER, 67 C 1 A EARLE/ N 25 BARAE U AR
2.5 FSBUREHL T 87 C R A fEXF G4 BE R N

SRR S A 6" CHEBFIEMR .5 A HEREMMER, 2ES 6°C A ERMAEMERE(F 3,
Bl 4,323) 0 MWALILARH F 8" C 1 A {ERELH BERE N i AR WG 2L/ N TALER I 5 T BB 4R e 7 v, - &
C fHAE/N A EAER, TIALER WA . LA MR AI K 1A 100m , g fk (R ALERANEE #8) 1A 67 C B
S8 K 0. 148%0 (0. 276%0 il 0. 059%o) 0. 12%0 (0. 1% Fl - 0.2%0) , A {8 43 Bl W /1N 0. 092%o ( 0. 135%0 0
0. 051%) 0. 08%o(0. 09%o7Hl - 0. 25%0) . Bi#R%""* 1%t B MR T+ R M2 L6 BERIREAIR, 77 J8C0 JRL AL 36
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Fig. 3 Responses of leaf §°C value (means +SE) to environmental gradients
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