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Abstract: Global warming caused by massive greenhouse gas emissions is one of the most concerned environmental
problems, which will directly affect the growth and development of plants, and then affect the community composition and
even the structure ecosystem. Water use efficiency, as an important indicator of plant foliar regulation of water physiological
process in virtue of photosynthesis, is the key to the relationship between carbon and water cycle of ecosystem, reflecting
the adaptation strategies of vegetation ecosystem to the rapid adjustment of environment and the change of resources, and
also is the focus of current global change research. Foliar 8" C can be used as a key indicator to reflect long-term water use

efficiency of plant, but the effect of global warming on foliar 8" C value is still controversial. Due to the obvious limitations
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of previous point-scale studies, the global meta-analysis was used to integrate 371 groups of data from 51 literature
worldwide to evaluate the effects of the simulated warming treatment on the foliar 8" C value systematically in this study. The
results showed that the simulated warming treatment could significantly increase the foliar 8 C by 0.6% (P < 0.001)
comparing with the conventional treatment group, and the effect sizes of foliar respiration rate (R,), stomatal conductivity
(G,), net photosynthesis rate (P, ) and carbon (C) were 0.237, 0.062, —0.140, and -0.019 (P < 0.05), respectively.
The simulated warming treatment enhanced photosynthesis and increased foliar respiration rate (R,), which led to the
continuous consumption of photosynthetic products and the decrease of foliar carbon (C), and finally the decrease of foliar
P, and the enrichment of 8" C. Through further analysis of the affecting factors, it was found that the response of foliar 8"C
to the simulated warming treatment was mainly controlled by warming duration, elevation and average annual temperature
( relative importance index was 1.00, 0.97 and 0.92, respectively). In addition, different warming patterns had significantly
different effects on the foliar 8" C. The infrared radiators, heating wires and soil-core relocation treatment had positive
effects on the foliar 8" C (effect sizes were 0.70, 0.44 and 0.35, respectively) , but the shading screens and open-top
chamber treatment had negative effects on it (effect sizes were —0.17 and —0.09, respectively). The conclusion of this
study has important theoretical significance for further understanding the response characteristics of plant water use under
the background of global change, in order to provide theoretical basis and effective support for future research of plant

growth in this field.

Key Words: simulated warming; foliar 8" C; Meta-analysis; stomatal conductance; respiration rate; water use efficiency

of plant

YEy 21 20 A pRkine Ry SCTE A Il 2 — | i % AU R i i S B A R B © o AT i 52, ™
BB RGN REMI R A K A B g kR S RRARIE S s A K 5 R E R 5E
TR LS BB RGN A AIIRE . B ME KR AR R RGO IE I 1 SR S8 ALY
KGRI IR (Water use efficiency, WUE) A T ANTHEOCHE MBI, WUE RAAEYFEG G o 72 [ E mRit
JITTERER 7K 53, S8 7 il AR e A 25 ZR G 0o G RS Tk 17 R oy o SR A SR BB AR, R AL 5 0 1 L
B ERIY) WUE ZRisE 2% 07 A5 — s e 51220 ) H 2R BR TR 1A 25 DU KO, ftkE 4 WUE
WL R VE B A S R G RE EIRMERR PRIk, e B Dy iy S5 A Y 5 0 e A e WUE,
FTHRR FVEAS R R N B FR o0 R 5K 53R AR e

R (R e W TR 38 EU (B (8 C) FE R I B pPA A K ) WUE st F8 45 & i K 01K 43 1)
FIRCR MBI B AL T8 0 W g A2 B E ok B B % B9 AE 4 WUE W& ik 64 Rk, [ SR
Z2EENTRIYI R 80 C SR IR 36 R A T R AT, — 2B T U R 8 C iR R B E 7
MR AW I R Z 0 2 5 0 E A DCOC R BB 5T 4518 3B 1) DG IR BRI e ik
8" C X il FE 1y e o A 2 A2 Jr M PR E PRl 1) S MK, 7EAS [ 9 37 b A R 215 AN ()8 2 AR A S i i 7
it AN E AT — A0 A R S IR R 8 C R EE 5 A IR R Z [ R SE & | il
Jia S5V S L B TEA T LA BT RAE ST R 8 C R 8" 0 A m BN 0 R A (s SR R
6 Ff C3 .C4 BEARMYIAM - 87 C [ pH IR AL A i 2 2 5 ; Michelsen 2 L3) 50 o i IR 55 480 3L 38 T AL T R TR
MR 80 C ERG T T AL B2 BRI B 8P C A, HETA SRS IR M - 87 C mBIFSY 22 56 Tl s /R
JE A ST LI S | BIFFE A RAEAE 32 AN [R) PR 3R 0 A5 1T 2 022 5, PR MG R 1 3 ok 8 5 70 BT A 1 LB A AR
KL S50 S B IR XA 87 C 152

Meta 43HT ( Meta analysis ) {5 S — Rl RH5 58 1 500 5 0043 M7 (4087 7 1545 BTBOR £ 56 i S5
I RS AT X SE H AAH R AR B 9 2 DT 4 R AT AT WM o B I F SRAR L5 B R 4518, R
W0 T A A2 Y ST YR T R 87 C R =2 ] 56 ZR AT AS W BT A 1] A, AR S i Wi 4Bk

http ; //www.ecologica.cn



5414 JAE = 44 %

AR EARSCHRIFHEAT AR VEAS ] Meta 23 BT REEHOAT ST A BRAEH I - 8" C (B AR DL 1L 14 o 7 5 A1E S
HEZM N ZR X0 T 4878 e BRARAZ A R /K 20 A SR By B2

1 #RERHE

1.1 HdlEse

ARWFFEHET A E ™ (CNKI) 5 Web of Science ZE¥0#8 2, DL« 8 AWK A3 R SCR” e a 1k
7 CRFLREET A 8P CT A A IRIRE B 1996 4F A& R T S TR IR M A A 8 C HRY
SCHR o A BRI 126 SRR AT S 1 O 25, AS B 5 T WS048 1 SOk 22 /0 2 DA 612 1) R S d& Mt
§C;2) IR ALFRALFEIG R S5 X IRAL ;3) SCHR ELEEAR AR i 88 CA s ol 3 il o (Al 45 R A )54 ) 556
FEEUHA/NT 3, WG b5, e 20k A7 A AR A 5158 STk, rT BT 8t 3631 371 41, e v Je i 4
BREZHG A3 A 3l 4 3% 47 A (1) o SR AP B IR I R 81 X 8 R 7 1) 5% T PR 28 A 455 - AR Y K B (mm) |
APPSR (C) BEIRAR S SRR (°C) (B AR (m) IR RIS (PR MG B R 1 FTR) . M
A AR AR LS Rk RL(CON) B AR R R HU(E (8 C L8P N) (AR MM R HE (8%0) .C/N b
{H FEIH AL (SLA) EOEATEREER (P,) M CO, M (C,) M CO, ¥ 5355 COo MLt (C./C,) .
ZEBHR(T,) MFRER(R,) SALTE(G,) ARYIK > FIFHECE (WUE) A5G B#I K 23 R HIRCR (WUE, ) Al
PIAEK 3 R (WUE,) .

0 5500 km

E1 £IKMHASECHmERE
Fig.1 Global site distribution of foliar 5*C

1.2 dEadr
1.2.1 Meta 7347

A 5T I T PEBEBEH LAWY ( Random effects model , REM ) % HEA7 M 2H 23 A1 LATEAG 184 3% i H-8 B CAE Y
S, KA R I 8 CHME (X, ) S5 A TR AL BRI 181 CIL (X, ) M LLAECAE R b (R) . L 1194
XHEL(InR) SRV L ( Effect size ) , T 7R 44 i A B b A 38 i A BRI 8" C R A4 AR 28 1k ( 384 i sl F 1%
M3 H, %) FHAZ (D) RN

Xl
InR =1In (f)=ln(Xt) - In(X,) (1)

A R MR EE  InR SASUNAE, X, X, /BB S5 AN B R AL BN i SR CRYE ., FIAHAR (2) B A —
HANAER T2 (v)

http ; //www.ecologica.cn



12 4] SRATH] A AHGR Y M A 87 C ELAISEI . 25K Meta 7347 5415

Sp?  SD?
= 5 + —y (2>
nt Xt nt Xt
R, SD, \n, A3 NG TR AL BE R BOARE 22 REACHE | SD_  n, 43 B AN HE T AL R B bR v 22 FIAE AR InACE
YISOV (InR ., ) \95% B A5 X 18] (95%CI) Zh 232X (3—5) 144,
2 (InR; X w,) 1

v

ln]{++ = - sw=— (3>
2 w; v
1
Sk, = (4)
Z w;
95%CI = 1nR,, +1.96 XS, (5)

S, A EIROVAE (InR ., ) BYT7 22, 7 BELAR DXIEAL 5 0, JUJ 5 P g i Ak B it 38 C TG Y 35 52 )
(P>0.05) ;5 B A5 X 2 FE R T 0 L2 /N T 0, M6 T34 X it 8™ CHA Ik 3 TR R0 5 i 2 5300 (P<
0.05) . MIXIAEAL(RC) (1) BV 95% EA5 X A &R il A (6) 14,
RC = (" - 1) x 100% (6)

XHH F8 G T 5 TSS90 %06 48, 5 07 BB Gaussion function) 125 1F 26 401
(Normal distribution) , AT (7) 1H5 .
= (x = %)’
T) (7)
2y 235 R XA R InR AP BI(E S HX AT a J& 24 x =, I AT 280 A8 (InR,, ) W B, b
SIS AT T 22

y=axexp (

F£1 MHECCHBEMEZESER

Table 1 Divided categories of affecting factors of foliar 5'°C
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Fig.5 Correlation analysis among effect sizes of plant physiological and ecological indicators
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