537 B 9 W 4 = & Eird Vol.37,No.9
2017 4E5 A ACTA EC,; OGICA SINICA May,2017

DOI: 10.5846/stxb201601180112
XU MG, VUK L VB, o SR IR BRI 332 347 11 3 R AE AN [ T 5B R Ak 0 R TR A 252l 2017,37(9)

Liu Y, Li P, Shen B, Feng Z H, Liu Q, Zhang Y.Effects of drought stress on Bothriochloa ischaemum water-use efficiency based on stable carbon isotope.
Acta Ecologica Sinica,2017,37(9) .

KABEREREMAEZEDPTAEEEARTEHIE T
KT BHME

x| & E M YL sk, B3\ % H Lk AR

P22 BT RA PP AL XA KR DA [ 50 SR S R, 7% 710048

A AWFFE LI 1 8 R & 1B R0 [ E 5 ( Bothriochloa ischaemum (L.) Keng.) HFFERT 2 | R FH R P 0 9206 | HU#R 1 F 5575 3
IR G343 ( CK80% FC \MS60%FC Fl SS 40%FC) T I AE Myt B A4y B =X | R A 7K 3 R AR (WUE) AN RFEBAL (GBint &
25 IR HLAR) BORRE IR R AL R AL (S C) FIBR IR AL R AP HER (AP C) BHAEIC R, L 538 R 5 ma 7K 43 R 0% 1)
FERAEEH T AERRW 1) T R0 W A AR A S R AR R LG R AR AR A i L5 2) B TSR i
il AR E Y 80 C R LIS AR C RNV SS I HERFIZRE 87 C M AC WA B E 225, CK M MS Kb FEfY &2
B 8P C HEFR I A AR SHUR > > B >28 4IRS > i SRR >25, CK F MS AbEE AV C B R IRER < <25, 3)
Y 87 Cy A AR Cy 5 WUE BAR S R B B, U6 A RS B ) 10 28 5 v D00 5 11 2 ROK A3 R BCR BA /A5 . 4) R
IKATALBRAG WUE i 3= S R F AR, CK MS . SS KA 4b B WUE 4351 3% 21 -1 iR BE L K ASK P 5 Bl 2 AR B B 5% i
Ko SRR FHRGE B R 28 5 VA8 78 12 B K 43R PS03 PO A 74 R ] B A 110 36 o S AL k] B AL R AR A
SRR R RRE R R L3 5 A 5 K A R ARCR ; T 5 i

Effects of drought stress on Bothriochloa ischaemum water-use efficiency based on

stable carbon isotope
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State Key Laboratory Base of Eco-hydraulic in Arid Area, Xi' an University of Technology, Xi' an 710048, China

Abstract: Owing to low precipitation and high inter-annual variability, the Loess hilly and valley region experiences
frequent drought, which significantly affects plant growth. Studying the response mechanism of plants to water stress is
important with respect to improving water-use efficiency ( WUE) in this arid and semi-arid area. In the present research,
Bothriochloa ischaemum (L.) Keng., a typical native species in the Loess hilly-gully region, was selected to investigate
biomass accumulation and allocation, instantaneous WUE, stable carbon isotope composition (8 C), and stable carbon
isotope discrimination (A”C) in different organs under three water regimes: control [ CK, 80% field capacity (FC) ],
mild water stress (MS, 60% FC), and severe stress (SS, 40% FC). Photosynthetic parameters of B. ischaemum were
measured at 09: 00—11:00 on sunny windless days ( Aug 3, 10, and 13,2014), using a portable photosynthesis
determination system ( Li-6400; Li-Cor, USA). On Nov 11, when the experiment ended, the new leaf, old leaf, stem,

fine root, and coarse root parts of seedlings were sampled carefully and weighed (with accuracy 0.001 g) after drying at
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65°C . The root-to-shoot ratio was then calculated as the ratio of the belowground dry biomass to aboveground dry biomass.
The 8"C of different plant parts was measured using a CCIA-36d-EP Carbon isotope ratio mass spectrometer (Los Gatos
Research, USA). The A”C of different plant parts was calculated based on 8" C and the carbon isotope ratio of atmospheric
CO,. Many environmental factors that might affect WUE were analyzed to explore the response mechanisms of B. ischaemum
under drought conditions. The following results were obtained. (1) The total biomass of B. ischaemum was significantly
decreased under the SS condition, whereas the root-to-shoot ratio and fine root biomass were significantly increased under
this water regime. (2) The 8”C and A"C in different plant parts showed different trends. Drought stress led to an increase
in the 8"C value and decrease in the A"C value. There was no significant difference in the 8" C and A”C of different plant
parts under the SS condition. The 8" C values under CK and MS conditions were in the order of fine root > coarse root > old
leaf > new leaf > stem, and fine root > new leaf > old leaf > coarse root > stem, respectively. Furthermore , the A" C values
under CK and MS conditions were all in the order of root < leaf <stem. (3) The 8" C and A"”C values of new leaves had the
highest correlation coefficients with respect to WUE | which indicated that the stable carbon isotope technique is suitable for
the determination of the WUE of B. ischaemum. (4) The WUE was affected by different environmental factors under
different water regimes. Leaf temperature, atmospheric water vapor pressure, and air temperature were the most important
factors affecting WUE under CK, MS, and SS conditions, respectively. This research provides a theoretical basis for the
feasibility of using the stable carbon isotope method to determine the WUE of B. ischaemum, and for elucidating the

mechanism underlying the response of B. ischaemum to water stress.
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1 SEWMBETTE

1.1 SR ST

SEEG T 2014 4F 6 HAEVE LI TR T R B I 5 A HLE W BB 254 (RT 19x4x27em) 421 52
B, SCUH R TR AR F 5 DA E R A SR Y R bt 25 B 3R 2 I B BT RIAG 5 4, B 0—30em 1
PIRG4S, ARNT G 2mm i, [RIBSI @ A, B AREARN L 2.5Ke AE IR LA E
A, M 1.2g/em’® . SEEFH 4% 0.69g/Kg, 3 FH A5 7K B 22%

SEEG A ERR 5 2013 4F 10 AR TR L ZERIRFLHD RIS REFEARAS N F SRR T 5255 == 6l .
T 2014 45 H 1 HEERD, BAAEE40E 5 0, i 5 B U0 B AR KO IR B  — BR A, oA Hh i A ) Gt
HAME, EWET 2014 47 A 1 HIFIREKSEEGALER , 15 3 4> 3K /86 B, 135 7K 7853 ( 80% 1 A H [] 157K
12, B 80%FC,CK) , 7 % ifr38 (60% 1 A1 FH [a] 357K £, 609% FC , MS) |, T B k38 (40% 1 1 H fa] 45 7K 5, 40% FC
SS) s BAIKIBEEE 10 2 HE A

AR IS K R HFRE 1 R A5 18,00 FREFEHIDEK , H 2 2014 4F 11 H 11 HSEIEE R,
A EAY RSB ETT ARG E &, h T4 P0G A Y& 0.867g 5501045 AT A 4L - 5
AW R RAH 5.812g 22 (EAN b B AR Bk F /K i i 3880g 119 0.1% , H.Fas /K ISk la] 45 4 , [R I 228 14 2 i A K ol
A 7K 43 Ak B ] A 52 )

1.2 SEER Uk 5 E
1.2.1  HFEFESCHFEEMBERT WUE 19 e

SHT 2014 4F 8 H 3,10,13 HEFWIL B HIRAEANET T LA 9:00—11:00 #E47 (BLit (AR AR BN
FEAEFTIN) |, 2R Li- 6400 {4836 S I E 2R 48 (Li-Cor, USA) () 2x3em B B35 & AR & (H AR
TV, AR COL MR ) A G E R IR AR SRR I F 280 M ot & 3% P 28533 Tr, <AL
FEE Gs ] COVKEE Ci A AR PAR R Ta KA CO,MEE Ca FHXHEAE RH I F RAUKEE
T VPD, WS e R R, B URRUE 2 rBh R A, R AR LRI e S HO TR K A R R
% WUE =Pn/Tr,

1.2.2  FFEEAYSENINE L&A EEY R LA

2014 4 11 H 11 H BB B A0E] ket e 2295 O, Ak b i 1 % IR R B e
kA b 7 RRRAAR 28 3Pk | [R) s X3 F2 AR ORLAR ) RS B AR (AR ) |, A 2—3°C 19 25 85 /K A vh gk
T4, Bt AR 2R bR S TS A 105°C AT 30min, Z 5 7E 65°C R Mk Z 48 55 F R SF-FR R (R 1 21
0.001g) .

X R4S A E AR Y e T T3 b MNL, MOL, MS, MFR, MCR 43 5l /R £ Ho8 - 2 25 40
M AR T B, 50007 g

Bkt e =MNL; MOL,

YA MM L = MFR : MCR

M3 = (MFR+MCR) ; (MNL+MOL+MS)

Mt = (MFR+MCR) ; ( MNL+MOL)

HZE = (MFR+MCR) : MS

22 1 = (MNL+MOL) . MS
1.2.3  FRE ik [l 2= (A0 e Sk [m) 67 28 43 P35

FAE R0 A28 B 0 T 9 B AT ES 5 5 80 H &5, 1M i 0.149mm 5 & F . B 0.1g 14
FEMBLE 0.005—0.006g Hi 4 AF fh 78 MultiN/C3100 78 5 HE & 88 LK 43/ &0 AT AL (Analytik Jena AG,
Germany ) B ARBREE T 1050°C I8 0 BR )5 A2 i CO, ([RIHC SRR TOC 18 ¢/Kg) , %85 Fil CCIA-36d-EP
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AR R R T AL ( Los Gatos Research, USA) , A IIEE S 8 C {H, A% M+ 3ER 87 C {EAYME L) PDB
(Pee Dee Belemnite) Jybi, EAE BRIRIRL % 0 R 2t
(®c/”C)Sample - (VC/2C)PDB
(®c/"*c)PDB
b, (C/C)PDB MARUEY R PDB 9°C/2C, 87 C FomEdh 2 C/2C SHRIERE & IR B (1 T-40 %
[ R4 HER AP C TR R R,

8°¢C =

s“c,-8"C,
1+8"C,

Hirp 8% Ca /R KA CO, TR FL R RBE N —8%0 ') ;8" Cp F/R MW a3 3 HE S CO, TR [R1 7
RILE,
1.3 Btk

TR BE YK ] Microsoft Excel 2013 F1 Sigma plot10.0 22 [&,SPSS21.0 it/ Hri /- ab B, %t BEnt WUE
5 3VC 1 APC R RIATHEHT, BEET WUE 53055 R 7 19 5¢ R A7 A 56408 @ 42404, 91 LSD 24y
rascfabm i) i 2 v, MK «=0.05, X EY) R LA A8 B R T W v g JF B8 8 3= 07 25 504
(one-way ANONA) Fll Duncan X} H b8 o5 1 HCAE ) 25 5 . 2 MK («=0.05)

APC(%o) =

2 EREH

2.1 TR FEROCE R LB WUE 55200
A 1 AT BRARIE CO,MRIE Ci 4, AL A Rt S BB L 3K 43 1/ N s/, o igolt & #%
Pn ZEEHCR Tr AL Gs R0/ KA N 19 5 32 5 T W RP K o Tilkae 2504, 32 B T 2 036 i 7K 43 R H
R WUE i 3w TE RO H5 7850 OK A B W8 v 22 5, XL CK B MS AbBE 6 A % 78
# R R AL BT LR B, JAR MS ALY P A1 Tr 2 58 358 F CK,H i FHAAL T Gs U 0.037 mmol
em” e s UL T ALOCHT , BRI A i F A2 B ALE TR R (H LG T R AR T 28 R | I
ZMS WK FIFHZCR B35 = T CK ARBE (AT R WHaRT, AE &R TR, BRI RCRE
ik, Mala] CO, MR B Ci Bl T (i 2 bk BAE 3 /Kb B2 0] 900 1 35 1 22 5 3k S i AR
RS A CREYE A SR AT SR AR, (0 S H AT C 8 2 56 A A PHARAE S 52 A i 197 % 7k SC
AT C A9 T KA A R T R AR R T 25 AR R 20 X RS o R C IR ik 2 R a
K, BAR I RLA A Ff 5 2 BT e

R1 FRKSEBTEFESEZHRSHBTL(HBHEAREDR, n=9)

Table 1 The gas exchange characteristics of Bothriochloa ischaemum under different water stresses( Mean +SE,n=9)

Ko ib B Furitk R e SiE]
Level of water stress Control Mild stress Serious stress
HOL4AE % Net photosynthetic rate/ (wmol m™2 s = 1) 8.756 +0.582 a 6.973 + 0.424 b 5.888 + 0.412 b
ZE M 7 F Transpirations rate/ (mmol m™2 s ~ 1) 3.907 +0.216a 2.831 +0.122 b 3.045 + 0.202 b
S LS JE Stomatal conductance/ (mmol m™2s ~ ) 0.087 £0.004a 0.073 +0.003b 0.070 +0.003b
M) CO, ¥ Intercellular CO, concentration/ ( pmol/mol ) 202.992+ 4.512 a 209.882+ 4.187 a 213.686+ 4.704 a
SALFRHIME Stomatal limitation value 0.546+ 0.010 a 0.529+ 0.009 a 0.517+ 0.011 a
IK A3 R AL ZE Water use efficiency/ ( wmol/mol ) 2.234+ 0.130 ab 2.321+ 0.098 a 1.992+ 0.095 b

CK:80%FC;MS:60%FC;SS:40%FC; /NE T 1} R m A a| K oAb B ) 22 57 18 35 (P<0.5)

2.2 TRPHAX AT RS E TR AR AL E R
I 1 Ca) AT, 2 A i B S 0 ) A S 25D, T B8 70 R i 35 DR T 0 Ll T 5
SREOREIR o R T b B AR Y T S T AR R TG s, A0 2 A P S R AR e 2R AR
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KA 0.049¢, B EMT K T8R4 0.071g, X T R4, BRI R SR AR AE 3 A~k 4rkb
R 225 A8 1 3 (R HE—25 X 4 F2AR CHILAR ) FNZBUAR (40AR ) Xt - HEK S pma 7, R B8 2R, MARA: 9
TR 70 R I Tl 0.024g, K TA0ARA= 14t 0.014g, BEZE 35K 20 2 A5/ HUAR AR Wi i/ | 4iAR A= 4
FER, FE KA R A MR 0.009g, 4HHE A= M1l 0.049g, S MR A= MR 1Y 5.444 1%
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Fig.1 The biomass and ratio of different parts under different water stresses

XFEEE 1(b) Hr SS AR AR I LE 2 0.386, 35 R T HA I~ 4b 3, T SS AbH A 4HAR ML AR LU R 6.123, 43
HE MS Fl CK AbFREY 5.649 F5H1 8.056 % ; (HiZ b R 125 FL A 8 358N, Fe & 5340 SS Ab PRI AR IES Fb i 35 K
HAFTAS b TR, B SS AbFRAAR TS Lb 11 5 35 48 R 32 31 F 4R S Wom A i R B 3 R R VR
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2 TS0 R0 A E B 28 B P AR BE AR T AR ik R AL 3R LU MR R e ey A8k, R

http ; //www.ecologica.cn



6 S % 378

BAVE 8°C 1E-13.942——11.213%0 2 [] , SARYI(E - 12.753%0, B T 2 WE R, ¥ H& ST 81 C
P8 ETHEH AT R MS A1 SS AbBREGHET 87 C BE KT Btk kbHE, SS AbBEZERY 8 C BE KT
HAPALEIE(P<0.05) . WARFEE R 8PCEKA, HEE T Riham&HE 3 C WA EER BET
ELA MS &85 E 85 C HIMH RN 87C,,>85C >87C, >8 C oy >8" Gy, 7MLk CK AL B4 25 8 C ¥fH
FIH 87C,,>87C, >87C,, >87C, >8"C, H 8"C,, .87C,, 3 C, ZIM A B FM2ER,

FI2E B[R R PR AR C BIEAE 3.032—4.946%0 2 8] , AN TRIK AL G AV C RY(ERER T 51030 i3
Jnmi N AH G CK B Y AV C {H 25 5k 8 i /K7 AR # R it 25 R AR, X s ik
FEESE R APC BMEL L, A13C O EIR S APCR<APCL<AC,SS ZbBRAZE I AP C Al 22 A 5, CK
FIMS AR R ABC 5 R FZEFE R EEES R FZEM APC ZHEF AR E,

K2 FRKSEBTEFEZREBREMEEMDPE (BELRMER , n=0)

Table 2 The carbon isotope ratio and carbon isotope discrimination of every part under different water stresses( Mean +SE, n=6)

KRSy 4bFR FEa K LAYEg ) S| i B pan
Level of water stress Control Mild stress Serious stress
Bl R AE 38 Cy -13.942 + 0.504 b C -11.838 + 0.514 a AB -11.922 + 0.776 a A
Carbon isotope ratio 8'°C 31C, -13.455 + 0.678 a BC -13.331 £ 0.269 a BC -12.953 = 0.131 a A
317 Cq -14.265 £0.179 b C -13.757 = 0.422 b C -12.653 = 0.324 a A
3B Cpp —12.125 + 0.202 a A —-11.213 + 1.104 a A -11.660 + 0.583 a A
3" Cep -12.570 + 0.080 a AB -13.338 + 0.598 a BC -12.270 = 0.216 a A
G ABCy, 4.784 + 0.203a A 3.760 + 0.308 b AB 3.706 + 0.448 b A
Carbon isotope discrimination A'>C ABC,, 4.540 + 0.294 a AB 4553 +0.122a A 4391 = 0.062 a A
ABCq 4.946 + 0.066 a A 4.716 + 0.184 a A 4.229 + 0.155 a A
ABCy 3.968 + 0.107 a C 3.032 + 0.755 a B 3.642 + 0.331 a A
ABCey 4.208 + 0.040 a BC 4.507 £ 0.259 a A 4,044 £ 0.115 a A
KA TR Water use efficiencyWUE 2.234+ 0.130 ab 2.321+ 0.098 a 1.992+ 0.095 b

313 C . .83 813 Cg .85 BB Cep (AP Cy AP CoL ABCy AP Cpg ABC ) MR B I 25 4048 CHLAR (B [5) 67 R AB (10 PR .
INEFREFRIRANRIK S AL B 22 5 1 3, RS P RER R AN R B 2 122 5 ik 3 (P<0.5)

24 HFHELINERGERFN ZH NS WUE BIMHIEER

FIAERORRI S E CHt B 25 AR ORUAR ) AR ik [R) 7 208 40 BE3 BRI 7K 43 R WUE B4
KA MR FWI (% 3) 187 Cyp 87C, 18" C 87y (37C o H AP Cyy (AP Coy AP Cy AP Cpp AP Cop 53 B R
UM O (R e R 0.989) , 87C,, .8"C,, .87 Cy 5 WUE £ BFEIEME, AC,, A®C,, AC, A"
Cpn 5 WUE 2 B EMAH(P<0.05) , ot 319 8°Cy, 5 WUE RYAH S REUR KRl 0.614, H 2 8¢, M
0.460 HiH Y APC,, 5 WUE B9 526 250 KN -0.531,

R3 BFERHREBRAMEERKREMZSPWES WUE HEXSHT

Table 3 Correlation analysis forcarbon isotope ratio, carbon isotope discriminationand WUE

WUE AmCNI, A]BC()]A AISCS ABCFR AIBCCR
d3BCy, 0.614 ** -0.989 “* -0.581 %" -0.353 0.307 -0.081
87 Coy, 0.460" -0.554* -0.996 " -0.150 0.250 -0.301
3¢y 0.406 * -0.321 -0.110 -0.998 ** -0.384 0.279
3" g 0.373 0.475** 0.265 -0.334 -0.988 ** 0.644 **
3" Cep -0.309 -0.129 -0.309 0.279 0.737** -0.996 **
ABCy, -0.531** 0.526 ** 0.358 -0.387 0.130
ARG, -0.402* 0.106 -0.283 0.309
ABCy -0.398* 0.345 -0.264
ABCpp -0.446 -0.707**
ABCep 0.268
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2.5 IR SR AT ST S SR R S R HTRCR WUE 5952 e R AL A

TP K3 AR WUE 32 SR AR W) A6 A7 A A ik B X6 PR 58 1 3 iy 1) o B2 TR 3R 2 A ik [l A 32
(HGA R Pn) 5288 B (Tr) 1Y FU (B, X 2 A B 2 BHA ISR H - OB G A 3UR ST PAR RS CO,
e Ca, M IR T1, 28500 RH 25, 25 S0K A0 Ha) BOSE0 , 76 T 2 BRa BREE R AR Y ol i 5o LR g A
BLHIHR B K 3 FHTROR LI AL T B, 28 0 S AR il A1 5 T A ORI BRI 2. 82 B A U DG
GG TR THFERIIG N . A58 A 3 FhoK o3 Ab FRAAS P F-XF WUE 5200 13 42 20 B (3% 4) KB, &
BRIF-X%F WUE B9 52 M 2400 IR, CK AR FREZ A58 A TI>Ta>Ca>Ha>RH>PAR>D ,MS & D>RH> PAR >Ha
>Ca> Ta >T1,SS  Ta>D>Ca>PAR>Ha>RH>Tl, CK bR /K /R HBCRZ 2] TI B ik, R 5.064,
BOR AT T EHZWA RN D X IR s MS 528 D sEm iR K (8.771) , 405k B A B B2 F TL [A]4%
SEMA 5 T SS AL PR FZORYR Ta W HEE M, X HAASFREE X WUE 938208 &3 CK A1 MS Zb3# R, Gs |
Tr 5 WUE 2 3 IEARDC s (HAE SS AL N A1 58 M0 I, Al A Rt i 25 AR, X Ul B YK 43 e i)
HAERH B K 7 T AR A B AR T SALCH A R T B, S BOK R HRCR L, 4K srhe
T RAEY) A B AR KT BT SALFTIF ot & 3R, BAR LI 25 19 R 3 K 0 I SR e & s R K
R B B R T2 R K R HRCRIE S . Lee K H 2550 A 1 5 Wyt s 4 473 1 24078 45 i ABA. il K
fitg , O- M- E A N XU A (9-cis-epoxycarotenoid dioxygenase , NCED) 4% T 5L ria™ [ A5 i 25
X 8 B K 3 R ACR IR  W  FE ™ B K o0 38 T (- SEARRT Bk i 25% ) AP R V& IR (ABA) &
AN 33% , X ATREEIE SR EE R CK Al MS £, K43 R FRCR 5, SS /K4 R RCRAR ) 32 22

x4 MAKSHRMESEZMEFHBERRY

Table 4 Path coefficient of factors impact on water use efficiency

A BN HERWAR R [F1) 238 72 24 Indirect effect

Factors Total effect  Direct effect WUE D Ta Tl Ca Ha RH PAR
CK D -4.561 -2.406"" 1.241 \ -1.079 -2.305 1.124 -1.024 0.891 0.238
Ta 0.010 -1.736 1.343 -0.779 \ -0.808 1.560 -1.501 1.673 1.602
Tl 5.065 2.525*" -0.910 2.419 1.175 \ -1.259 1.321 -0.883 -0.234
Ca -0.013 -0.128 -0.078 0.060 0.115 0.064 \ 0.091 -0.115 -0.099
Ha -0.084 -0.128 0.075 -0.054 -0.111 -0.067 0.091 \ 0.090 0.096
RH -0.253 -0.568 -0.437 0.210 0.547 0.199 -0.511 0.398 \ -0.528

PAR -0.289 -0.342 -0.251 0.034 0.316 0.032 -0.266 0.256 -0.318 \
MS D 8.771 3.493 1.273 \ 1.748 3.453 0.510 -0.724 -2.899 3.190
Ta -4.220 -2.221 1.012 -1.112 \ -1.368 1.386 -1.429 0.780 -0.257
TL -14.915 -5.670 -1.395 -5.605 -3.493 \ -0.075 0.337 4.427 -4.836
Ca -0.136 0.730 " 0.671 0.107 -0.456 0.010 \ -0.602 -0.228 0.303
Ha 2.273 4.126 = -3.103 -0.855 2.654 -0.246 -3.404 \ 2.017 -2.020
RH 4.728 -3.099 * 1.340 2.572 1.088 2.419 0.968 -1.515 \ 2.294

PAR 3.996 1.933 1.175 1.765 0.223 1.648 0.803 -0.946 -1.430 \
SS D 0.860 0.795 0.270 \ 0.240 0.789 -0.694 -0.279 -0.656 0.665
Ta 0.977 0.587 -0.396 0.177 \ 0.242 -0.044 0.430 -0.263 -0.153
TL -3.997 -3.181 -0.766 -3.155 -1.313 \ 2.706 0.753 2.636 —-2.442
Ca 0.494 -0.732 0.392 0.639 0.055 0.623 \ -0.292 -0.400 0.601
Ha 0.288 0.278 -0.232 -0.098 0.204 -0.066 0.111 \ 0.075 -0.217
RH 0.210 -0.239 0.025 0.198 0.107 0.198 -0.131 -0.064 \ 0.141

PAR 0.329 2.132 1.553 1.784 -0.555 1.636 -1.751 -1.660 -1.257 \

TE AL s, Mila] CO,MEE Ci, Z8ME AR Tr, KRAUKIRIE T B D, i BE T1, 238 CO, K BE Ca, 25 UK 208t Ha, 25 MR EE RH, Ot
B RGEST PAR; + 7R M ol 58 28 15 %0 LR R AT RH SE M 3, 7 SRR M R ot & 3R 5 0 N R R R T AR DGR 2. Gs: stomatal
conductance, Ci: intercellular CO, concentration, Tr: transpiration rate, D: Atmospheric water vapor pressure deficit, Tl: leaf temperature, Ca:
atmospheric carbon dioxide concentration, Ha: atmospheric humidity, RH :relative humidity, PAR—photosynthetic active radiation ; * means the difference

is significant at the 0.05 level, ** means the difference is significant at the 0.01 level; CK; Control, MS; mide stress, SS; serious stress
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FISEHA WUE 2R i R GG E B b Db a R 528 s R0 i, BEE T S e miEl, A
T IR G HE O SAL NS B RS M 3 U] CO, MR B AR, LI AE ) e 1E 4%
WY COL B/ e T3 8 C I K, AV C EIS /N3 R 25 5 B 9 & B, 30 AR AR Rl (3 R 8 C
I S P 0 A8 T T B A SRR A S A 5 A B LR TR 67 B AR R A C (R R K R A R ;
SAECTIF G SR TR AT B K 2 R AR AR B A B TG 81 C BB PR AR C T
N, R C, MY, CETER TR H A13C F1 WUE BIER N

C.(b, + @b, —A”C)
1.6v(b, + @b, — a)

H ABC NSRS E BRI R PER  a & CO, Y B T2 Hh 5 1 A8k [R) 67 Z 4 B, b, &3 €O,
Wit PEP AL 2 7= A (A, b, RuBP SRALEEXT " C A BIE & s DAEAS SRS Hh it 2 2 - A 41 g
Y CO, L, Ca RS COMREE, Ci M IR AR CO,MREE v BZ8 R E 78, v=n(1-RH) ,
RS AZEIRE , RH 25 SABRHREE , 1.6 J2 ALY KA CO, &SR M R 5, g L WUE 5§ A®C £
TG, AR SCFFE R LA A5 WUE 50 AP C A SC R B -0.531, 2 3R 3 A 5¢ (P<0.01) , [ B)
WUE 5 A9 87 C th S B3 IEAE, X 5 HABF o BRI F A C #7598 25 WUE 56 2 8 B i
SER—3, I HAE AL C YRS bS8 TUESE Y kel DGE I E C AR A 8 C Bl APC
{EDR AT 2554 T A EROK A RS SRR nT AT . B e 38 e A BRI K 3 254 X B X R K
3 I FH AR 0 A ) B AL PR 157 8 1) vk
3.2 [ YR ST R A

FEYI T R AR R AR R )« DR 28 B R P a8 VR Bl B AR RS A ALY (kb &4 ) il
i 25 ) PR IS, AR AR AR T AR XA IR CR B TYIAN  CO, M T R Ia R T R hia
R[] 2 R R AR AT AR AL %0 — 3 Ry 24 Bl A AR R A KB KR AR R 55 4 i K Ak A
Yy, AL = 2 A B AR R AR ARG LI T . AR SO SRAESE T 3X — 18 Wt , B B /K 2 it PARE b B 3 R T
HAl KA b B HAR M e HA AL B 2—2.2 £, 5 Fernandez RJ %) C, BAAEW A FiFi - W2 KBS
S5 5B A AR B Ul B T S s G W IR B 1] R RS B LS SRR B RO A T Lt
ARSCHE— 2543 W A0AR FURLAR L, & B0 2 52 e s, DI < YR 0 AHR 2R I BRI R 7R AR R #8504y
Be , T 2 T AR A A 3 3 R R AR 3% 23 K 23 B A R0 A SRR R B K T REAR AR A F2 22 A
R BRI KA, MR 32 B S S RN S R A R I BR A C A R 2 | RS AR R I A B A Ak
AYTEJE I ) R 2 S SR A e G i KRR A 4 s D R 4 R
33 ARSI TR ZA N2

VFEREIE 2 Wt X C ) ok Co ) H ) R AR R B B R R AT R, C,
A E N SUCAHIIAE g S C Mt F A2 87 C 2R A E, C M C, MW kR IR R
ot F RIZE T ) B AR RO, ARHFSE T 2540 M4 B s, CK Fll MS R [RIZS B Y 8°C Fil ABC {25 3k /K,
1M SS ALFRA 28 B 2= AR 3 R R ] R 2 AN [ ZK A AL BEXT 1 E R C AR A sg i, S S 3n E 22 5
TR APCHZE Bt B2 2R R, AR 2 aTRUREL, UL (SRR R RZE 2 R Kk AR C i,
HZERIE ) AP CAEH B E R TR, Ui 5280 Z B 2 44 77 C 201, Brugnoli Al Farquhar ST R
Leavitt fl Long " $2 A8 C 4084 3 AR AL 14590 B LA 4L AN A 3300 ¢ 4t , &5 ks
B HASKARER SVCH, W EMARRZ T EHWKAS""C 54, RTEFMMIE & &SNP C & 81%;2.
MY A T A AR IS ARAE 2505 K 76 A B K AL B o AR R HGE o ) B R R i i ek Rt R LB A

WUE =
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[EIAL IR B i 3« PR i AR ER T AR A AR R C I IR 5 3 N R 48 B I E IR AR IE B AR R 22 5 Al ) 2
BRI SR 2N AE R C R SUh R A, AR B 38 R AR A B A R R 1 i A v 52 5
PREE AU R AR S VE T A IR 3 i e fead R PR T BE L5 C Y o8, ELAR R AT B AR AT
VRS IEIR 5 B, AE LRI 3 M 25 AN ] 5k P RE UL 2 i L C R il I PR, TEXE AR TRl AL Y &
C A AP C{EHEAT FUAIS | 10 AR EL AR B AN ] 2 B 2 AT B AT

1) T i AR E A OG5 3R ZE I H0R SAL S (HK SR BOR AR TS B T S ok, &
[ Y STE iR

2) T 5P A R Y AR A W it AE RGN S ROAR R Ee AR I L R A AR R AR L 156 B A A
TR ISR, X R A A R A Be AN, HL R BRI T AR A i B ARRAR A i (R R AR A K

3) B TS a ], AR RS E I 80 C B2 BT HE MS Al SS AR HT 8 C WE KT CK &b
BLARC By BAGE CK AFHY APC {25 788 8 EKF HE R SS A HURFI R E 8 C At AP
C A 3255, CK il MS AbBR 4 38 8" C S(ERINI 0 A0AR > HLAR > & 0> 370> 28 AAR > Bt > & i
SHIAR>ZE  CK AT MS 4B APC AYE AR S IR < <25

4)3 PR AALBER B 8 Cy 5 WUE MIAHSCREUR KN 0.614 , FHUE 8 C,, 2 0.460 , HiHH 1 AVCy,
5 WUE W 5RH I REUR R R -0.531, U6 B A F AR A IRl 3 8 5 200 2 112 FEK o3 RS BT T AT

5) CK 7K 43-4b B 7K 3] FH A5 238 22 300 b T 90 194 5 M e R, 3 "B SF VR b T Gk 32 1) L 22 52 Tl R <K R
5 T L TR EERUN 5 MS Ab 3R 32 KPR 5 S 5 M i K, =2 8 SF6 Y JHL T 22 52 o R o T 30 B 1) ) B2 000 5 SS
Ab P A7 3 S P R e R, AR R YR A I B B B R R S AR K B R L A (R RN
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