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KA R RAR K 0 7 SRR LR 2ROl AR
FEMEERE AR Z T e R b RO A
R (net photosynthetic rate, Pn) 5 2% & 3 %
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B COo, WEFH S FEKEM F AL T (stomatal
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Wi, Fischer %51 4 7 25 FEAE YRR 1) P BTK 431 H
K (intrinsic water use efficiency , IWUE) | %8 PR AENS
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KER, WA T EF I Gs MR
YL SR 2 G AR AR LU B 5 KR T
KRG AR A IEE EEAMER T AR, X
e 2L IR SR ) S 5 B I R e 0L | i
R RUBE SRS 4 5 2ok REAR N H. 2%y, DR VF 22 B
FEF TR LRI Gs I 41 41 2R FH &1 2 AR AR 1) 2
L) G (B T e B 2 Tl e B e 2 ] |
EAFIWEY BORB 2 R B AR (e 1 2
HOTRESE Gs RUBLR 2R 1R 22, R AR Gs BRI F %
HRE IWUE, B Pn 5 Gs Z (8] A9 5 R a7, 70 #r
IWUE 7EARRIWEYIARIEREE 25 10 T A28 A0 IR AR
K3 FFHARFAE | LA B A5 A 2880 1) 0 o LA R o
BHE L,

HE?K( Zea mays) %H/J\ﬁ( Triticum aestivum) e
PEILT R T RIX R AR EEY) . AW LLZH X
SRIVEY) B /N A AR BRI X 4, i o o i O
IWUE 7846 R 31455 52 el R 2R, LA B 32t XA 4 7K
I3 PR RIL B K Ay 2 Al FH K A7 350 SR A 3
WA

1 #MR5FEE
1.1 a8

MR R R FOREHT 28 5 AR /INZE 5 P B 24
o R RE 5 Ol 2 RRTE P4 AL B

FEBE st
1.2 RIEHEER 5iK58i& it
1.2.1 ERXZ T 2013 48, 76 H R 48 0 74 8 ik 45

Uiy (49 28X B T T M X3 TR A K R R (37, 8°N, 102, 8°K)
RSB A S SO IR vl E AT T KRG, R
1 534.8 m, 4EHS I 8. 5%C , 4EFF /K 171.0 mm /&
Fo B SRR B AR S H BT IR 25K ok
> ZERETREL A TR, 2013 4E 4 A 20 HEEMET
KBHR 28 5 SR FH sl FpE Al X001 A R K (B
AMEFIAIIEHK TR ) M R aE (N FE R
THIGARHE K H MRS ) 2 A3, B b L 4T 3
YR 70 SRV A R B T 1 A 243 m?, TSR0 AL
PR 165 m* , FRATRIEE R 30 em , FEFHERE N 15 em,
1.2.2 D EXEREEAARXE FEHMEE/mT
ZEX PG (104, 37°E, 35. 35°N) K 4 )5 22 M F
BARGVRPTE N T 235 5B 217/
22 K55 FIAR AR X 55, 4K 1 920 m, 4R F 3R
6.3°C ,4F H FEIT%L 2 500 h, iREAEY M B /NE €T
B 24 5, KHEREE T 2014 4EH1 2017 4E43 kAT, 4

AAEF/NX AR 3.0 m*(2 mx1.5 m) . 2014 4EiK
ISV 2 AL ER, 430k e R HE K AN A B I ARIIE
HEKFE R ) A S8 (/N2 BT I T 4 R TE K A
BEE)  BAMEBEE 4 K, 2017 FREBRE 5
ABE 435 A G RTASHE K AN 7K 10,3060 .90 mm (1%
A BRAE A T WIS TR B B AR K PLARIIE 100 em 1 )2 13
KRR TF 75% MR K i, 2 H S KR IET 75%
) FH TRIRE K B, #h 7K 2 100% H 45K &) | A4k
MR ANER,

AR 2 51 T 2014 ,2015 F1 2017 4E#E47, it
BN 4 AWK H R 0~50 em L2910,
T2 0, 2540 (Al LA 29 em, ¥R E 45 em) , BRARZE +
14 kg, W%+ PR EH 1.15 g-om®, H ) HEK &
26. 8% , 2= RE 5. 5%, Hrh MK EZELS 25
BohE K,

1.3 MEMBS5HE

K HI Li-6400 fEHEAOGA X (LI-COR A ], L)
W% Pn, Tr, Gs, i8] CO, ¥ J& (intercellular CO,
concentration , Ci) & KX, CO, ¥ SEAEY M Rt &4
SR HARBRAEIT .

1) BRIRE . T E R K BT, 1R
S R E SRR IR AT ORI, 5 UL B, kB
KIEEJZS 3 ot 4 Irnt it B IR UE T e A A S 4
M, F 8:00-18:00,%F 2 h M —IK

2)2017 4F/NAE KBRS . F/N22 4K A P s b
FEIFIEAT AR ASMET  R A A ORI T
W, BRI B, e Bf /N e 250 1 e & SRR
IEHEH#A TG A SEON E , T 8:00-18:00,% 2 h
M — K,

3) ZEARIRIE S 2014 4F K RS ; LA il 3455 28
PEAT I AR BE S ROW M, A5 OULI B e N A
SRS 1 R ot Itk it B IR e, FEAE CO, MR
4 380 wmol + mol ™| M Z IR BE 25°C , a5 KM Ak
1.5~2.5 kPa, &2 2R L0 6UR, Rkt fa A K
DR XA A B Ol it s R ), =6 B A U
8+ ( photosynthetically active radiation, PAR ) 1% & AS[A] Y
BEIE A Shill &, B K200 0,15,30,60, 120,
200,300, 600,900, 1 200, 1 500, 1 800 J 2 100
pwmol -m ™ +s™" I F7E 1 500 wmol -m ™ -s™'PAR 3 i/ 30
~40 min, FFEEERCE J5 , HEA B il &R T, LA
G Y & AN Sivae = (DR

KA TRIK o3 A BT 1 RS A WAL 5 /822 K
HSEA WL 52 L HE AT 8 & b £k /N Gs 55 P
KA IWUE Z M F 225, 8 2017 /N KK



93 YEYIA BUK 53 R RO AR fe 1875

O3 2h 75 Ab B — H A g 0L B R, 43 5 T 8:00-
11:00.11:00-14:00 F114.00-17:00 53#7 Gs 55 Pn &
R IWUE 78— H i ry 284k, N RIK oAb 384T
Gs 5 Pn LR K IWUE 315, R Ak 056 1 2014
AR R, 43 PR A5 1 T B A A B RE AT 43
Bro HFHR/NZERASEGT 1500 pmol sm™ 57" A
I AR S AR B A AR S 1500 wmol +m ™ +s7"
(G A A S HGEAT 0T, LA AR S B FLA IR B R 22
XF Gs . Pn K IWUE M52, FiT B 5T A R G Fn 2%
PE R Gs AT AFE N T 50036 72 B (5 452, B e AR
AT K AT Gs 5 Pn RN, DL Gs
BN A AR 32 T 5™ E R B AR

1.4 HiERIERALE

141 HHERR ARPREIE S HEET EAXGE
T RIS R /N S A it B | AR /N2
St BRI e S SCHR AR A R X C, 1ES
e REveRh, Horp SCEREAE R IR T Lin 2 e
IR BN [FAE Y IR S AT B . AP oEik
5 C, MEWAENRIE AL T B IX Ry 8 4 | F 2 4E1E
Y Gs P M H R 25K CO, WEJE DL R 28 S A Fl 22
£

1.4.2 RZRkyHBEEGTE R RE L,

WUE ( pmol - mmol™ ) 2 Pn (pmol - m™ -s™') 5 Tr
(mmol-m™-s™") MY HLAE, HIT .
Pn
WUE = Tr (1)
Pn =g (Ca-Ci) (2)

Krp, g, ALK CO, R ; Ca: K CO, WREE;
Ci: Jfili1] CO, WREE, Tr LXKV T (Gs) S5t
RF5 2R Z B Ak R R £ ( vapour pressure
deficit, VPD, ,kPa) FHFe/55] B .
Tr = Gs(e, -e, ) = GsVPD, (3)
Krp e MR RMEAKIA K e, BFKEE, A
T R BRARLFIK YRR 25 X 7K A3 RCR 2 K A 2 (1)
FLL VPD, , FRAR 4 A 20 (3) n] A5 N BLAK 43 FI FH &%
(IWUE, pwmol -mol™") ,IWUE & Pn 5 Gs I Fu{H, 25 ¥F
YEY) P B Gs MR T 4e e pn & LA Gs
RBEARAR , Pn AR AR, BEAS AS T A Y) EL AR
FRAANL Gs TAEIRY IWUE, A0 T .
Pn Pn
IWUE == VPD, = (4)
RIEA (2) a1, IWUE 5 Ci Fl Ca Z A %,
AN .

g.(Ca-Ci) Ca(1-Ci/Ca
Gs ( 1.6 G
K, 16 I8 TRLLXZKIRIN S 2% Co, T
B9 1.6 15 ; — MM HE Y Ci/Ca [EAHXTARE, BD C, 4
Yk 0.7,C, Ki¥h 0.4 24 Ca ly 400 wmol - mol ™!
i RGEA(5) ,C il C, FERIR IWUE 435 75 Fi
150 wmol - mol ™", C, fEW /2 C, fEW I 2 £5, {H5EPR
I, Ci/Ca {H 3B FREE 25 1 03 e A= 28 Ak AR Y
IWUE F-A[EE
1.4.3 ALFEBR RIKIHARLEN G 5
Pn BRERRN Ball S W5 A BUAEY) Gs % Pn,
i 5 2R ARG EE (leaf surface relative humdity, RH_)
I CO, ¥ (leaf surface CO, concentration, C_) %5
mal, AT $ T 222 50 AL S BEAC Y, B Ball-Berry £
A

IWUE =

Gs =mPnRH_ /C, + g, (6)
AP, m: Gs BERIRLE ) Gs 5 PnRH_/C_( Ball-
Berry 240, i #k BB Z40) X RIUG Hl5; ¢, LA
RN E S/ NTFERAY Gs, 1L Gs 5 PnRH /C, %
RIUA IR RS, 807 RS SR T BB A A & 3RS
ARAFFARE PG KR FAFZ S R, MR8 A L
(4)F(6) , &AW g, , N
Pn C,
IWUE = — = —— (7)
G, mRH,
P, C, 5 RH, S51EYM R 4#0E ARG 440
B MIFEMRGEM T, HBE A (AT 50, R
HRYEAZ(7) AT IWUE 5 Gs RIS H (m) 2 L,
B IWUE {E, 00 m {E/)N , IWUE B/, ] m {E K
1.4.4 A3LFEAA £ 2458 F BRI Fick &
A A AR 3R CO, WREE(C)) .
1;5 (8)
o, 1. 35 KAEXTKIEA CO, P BLHR ¢, .30
FZFEE R Li-6400 f#45 2066400 & a6 A4 38
SHITE AR T g, (H28 1,42 mol-m™-s7",
RH, T A AR RS .
Gs(e, —e, )=g, (e, —¢,) (9)
e, (e, /e, +G, /g)
e (1+G./g)
K, e, M A RMKIE s e, . M AALIE KR
JE, 1A 2SR - (leaf temperature, T, ,°C) T U4
KA, TR AT .
e, = 0.6108exp [17 .27T,/ (T, + 237.3) ]
(1),

C,=Ca—-Pn

RH, = (10)
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AWFE R R P [ KG 56 LA KA [R) 9] )5 2R A% o
5B 04 Fe s R T SPSS 13. 0 B 5E A, © Potww  ©Ficdldww  © Potdr  OFicld dr
) EREH c
B
2.1 IWUE % %
2.1.1 MALEHTIAFERIWUE %/ WAL %
AL S Gs FUBE R, /NEI) Pn e KRG TR ﬁg
FE , FORN AP 2 MRS 5 B R T R 1 a3 %
2 MYEYIR) Pn BEE Gs BOASALIIAAAE B 45 A, Hrp /)y
I SALT Gs 294 0. 15 mol -m ™2 -s7 Ak, KA 5 .
57T Gs 297 0.25 mol-m™2-s7' &b, #HIF Gs T, By 00. 0|2 0.|4 0,I6

Pn 8K, U oK IWUE & F/hE . Tk FI/NE )
IWUE 221k 5 Gs #H52, BV Gs KAF, IWUE /)N, Gs 3 # 0
/NS IWUE S K 1F Gs 382 2 M E R P s, H:
IWUE & THE , - EHE R, i F R AN ()

IWUE 43515 137.3.103.9 mol “mol™" .
60 —

LA E#E Pn/(umol-m2-s™)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
SFLEE Gs/(mol-m2-sT)

T MmN EDK R IRCR I B R, R,
Note; Dashed lines in the figure indicate the up
and low boundary for INUE. The same as following.
E1 EX/MPEEAEAERENSILSERIMMAE

Fig.1 Response of Pn to Gs for maize and wheat

2.1.2 REKSFEHTIEIWUE 9 EWL HE 2
AL, B /NE R H/INE B Pn 5 Gs ISR IBTEI B
Z5 (KIS SMAAFERES T, Pn 5 Gs IR RAT
TEZES, MKAMEA A LT, P B Gs MUBE K, S FF
LA K R Hh s MK LA S I B Gs 1Y
HR, P ¥E MBS LE P s 67 T Gs 0. 15 mol-m™
sk AR FEK S5 Bk FE R I IWUE 382/0N, B
HK LS S5 2%  TWUE 59K, 24 Gs [ 2 0. 15 mol -
m s B, IWUE # T 5E , b 115. 5 wmol -mol ™',

’%?LEE Gs/(mol-m?s)
W Pot ww: F AR /N FE Gs>0.15 mol - m™2 - 57! I f K3
Field ww: KHI/NZE Gs>0. 15 mol-m™2 - s~ B A 44 ; Pot dr
FIRAAR/NFE Gs<0. 15 mol-m™? s~ I A EHE ; Field dr 3
IRKH/NFE Gs<0. 15 mol-m™2 s AR, R,
Note; Pot ww: Spring wheat growing in pot with Gs great than
0. 15 mol-m™2+s™!. Field ww: Spring wheat growing in field
with Gs great than 0. 15 mol-m™-s™'. Pot dr; Spring wheat
growing in pot with Gs less than 0. 15 mol-m™2+s™". Field dr:
Spring wheat growing in field with Gs less than 0.15

2

mol-m™2+s™!. The same as following.

2 AREKGEHETRRMKBENE S
AEREINSILEE R
Fig.2 Response of Pn to Gs for wheat growing

in pot and field under different water conditions

2.1.3 FREMMEE T A& IWUE 09 24 il 3
AR ASFEDLI BT B, Pn 5 Gs B R RAFTE 2 7
Hdr H 5 (11,00-15:00) 5 4 (15.00-18:00) A}
B, Pn 55 Gs BYLRAMEIC R A —H, 10 L4 (8:00-11:
00) SN A, TAHEFTFBE Gs 1Y
B, P My B OPLHUZ RS R, Gs B M 0.1
mol-m s Pn ¥/11 8.2 wmol -m™-s7" ;1M E4F-H}, Gs
BTN 0.1 mol-m™-s™" ,Pn 34 /1 4.6 wmol -m™>-s7",
PO AERTRAF Po B—2F . RN, 76 LFREE Gs HY
REAR , IWUE AW o, iy 2 vh A4 AR R B, BE Gs
‘(}ﬁ/J\,IWUE ﬁﬂz%ﬁ_’i,ilzﬂ”ﬁj‘j 87.2 }Lm()l-mol*l o
2.1.4 REAMERZIRB A4 T A IWUE & T4
SIHTSCHR GERIICAE I B0, R IR AE TR M X
Pn BE & Gs 38 &2 2218 1 & ¥, &5 0.1
mol-m™+s'Gs IUIETR A 1. 1 pmol -m™>-s™" | FE T F
X, Pn #80EA 4.0 pmol *m™>+s™' 4 0.1 mol +m™> -5
Gso (BAEAT B3R 858 25 140 (OK 0k 45 78 2 9 B 28 I
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20 ~ O E4(8:00-11:00) w th4(11:00-15:00)
© F4(15:00-18:00)

—_
N

J—
S}

%A #ER Pn/(umol -m2-s1)

| 1 |
0.0 0.2 0.4 0.6
ST Gs/(mol-m™?-s™)

3 RERURBENELSER
WSFLS BRI 5L
Fig.3 Response of Pn to Gs for wheat during

different daily time

B)F,%0.1 mol-m™>-s'Gs,Pn AYHE IR A 6.5 wmol -
mol ', ANFII I IT AT 4 2.6 pwmol - mol ™', F- 35 K
4.1 pmol-mol ™, AN[FS M XY IWUE fA7E2 5, 1
THIX A IWUE B/, B Gs B, IWUE & ¥ 4
K+ R XM IWUE # X & R e, A 50.4
pmol + mol ™! HEANFIFREE S5 (7K 43 vt 54 v 47
KRB ) /N B IWUE SF2°8 88 wmol » mol ™',
B2 PR SR B  TWUE A T/ (& 4)

2.2 Gs1RBIPRITY

2.2.1 ERFdE Gs A HE S AT, AL EM
Bt B K A3 L4 25 AR A RE I, ZNZZ R K Gs AL AR)
RAMHM 11,6 F1 7.8, EKAY Gs AL AR B AL T
INZ(ELS) , BSOS 35 (P<0.05) ;1 £ K11 g,
HRT/NE, MR BB B8, /MNER Gs KTE
P8

2.2.2 REKRSHFEMIE Gs BEA K 6 AT, M
FERAE KA T /NE ) Gs BERIBHL, K K o2y
TR, AN K H/NE Gs #5510
10. 8 1 10. 6 ,{H —F A Jo B % 22 5 (P>0. 05) ; 7E K41
a0 a0 6.9 7.5, BB 2R (P>
0.05) , MiAEKSAHEE T, it e R/ N & i
SER /N IR HER R 70 R AL PR Gs FERIAPR Y
R F KR Gs REF(P<0.05)

2.2.3 FREMMEE A E Gs BE HE T AT TE
ANFDULIN A BE /N2 Gs RPN TE 2 —3, R R AR
ERFBO I 11,6 112, 7 (BB F 25 (P>0.05) ;

0 —
’ o WHK PFRK
o BR&M  + AR
[0)
H
g 3
z
5
i*ﬁ
4o
R
®
|
2.0

SHALFE Gs/(mol-m™>-s™)

TE AR Z 1 < 7RG 3 A e AL 2% 1 ( RV AS e L ) s o 4
TAIFBL) s A R SR K 2 S R R U P A O T L A A
(RIAS e W i 2R Be) o Rl
Note: Stress condition indicates water stress and high temperature with
low relative humidity ( Data observed during noon and afternoon in this
study ). Optimal condition indicates well-watered condition and optimal
ambient temperature with relative higher relative humidity ( Data
collected during morning in this study). The same as following.
H4 FRSEREREAREEET
C, B RGEEN SIS BRI
Fig.4 Response of Pn to Gs for C, crop under

different climate types and environmental conditions

08
+ EK ® /NFE
y=11.6x+0.01
R*=0.831™
0.6 - +
0.4

S A5 E Gs/(mol - m2-s)

y=7.8x+0.02

02 R*=0.881"

0.00 0.02 0.04 0.06 0.08
PnRH /C /(mol-m™-s)

™ FRGI I 3 (P<0.05) . FE,
Note: ™ indicates statistical significance at 0. 05 level.
The same as following.
5 EXRENESILGEER

Fig.5 Gs model for maize and wheat
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S B &

0.6
© Pot ww © Field ww © Potdr O Field dr
<)
e ’
y=10.8x-0.009 4 4
-~ R>=0.686" ® &
§ 04
g w
= P
g 2
% o
6] y=7.5x+0.02 =
i R=0800" 90,887 © y=106x+001
o & R=0773"
e 02} &
y=6.9x+0.01
R?=0.848"
040 P | | | |
0.00 0.01 0.02 0.03 0.04 0.05

PnRH/C /(mol-m?-s™)

B6 AEKIFMHTNE Gs 1B

Fig.6 Gs model for wheat under different water conditions

1M _E/F WA 1) /N Gs 4320 17, BT KT
ZALN S S i =il BT DR A o L AR v S L
EAFRR g, BAUE/NT AR RTR R,

0.6 — @ [4-(8:00-11:00) w H4-(11:00-15:00)

+ T4 (15:00-18:00)

y=17.0x-0.05
~ R>=0.836™
& 04+ §
g
E
4 -]
O
" y=11.6x+0.04
oy R=0.910"
&~ 02r
r

y=12.7x+0.02
R=0.979"
0.0 | | | |
0.00 0.01 0.02 0.03 0.04
PnRH/C /(mol-m?-s™)
E7 AEMNNENESILSERR
Fig.7 Stomatal conductance model for
wheat during different daily time
2.2.4 FRBAMERREFRBFEMHAEYD Gs BA K

8 NN, XF R AHIE ) BB S8, W X VR HA Bk
[ Gs, HIRWE X AEY) BB S48 Gs il K T2 T IXAF
YIRE,, TSR0 Gs BIEIRLR m R R IE X
KRFETRIX, 558 13.3 F110.6, (H ¥ g, Z[H]
TR FZR(P>0.05), 705 4 0.05 F 0.07
mol-m™ s~ /NELEM X E EH B R T, Gs Fid
BERm R 9. 2, AR A 7.1, —F 2R B (P

<0.05) . AFESMEX, AFEEYAFEAKZE T m
(A2 S DRI S8 B A KR YEY it n)
THEK Gs BIRIRER m, BUS AT BE4E 5 Gs, DA K AT fig
R A3 o 10T R FIASR] 0 PR 58 S8 A (A oy fh ) T
W/ m B, LA Gs, TR SFHBF FHZK 3

20 -
O @i X PTFRX o
o BRFM -+ FHEMH .
16 b o
y=133x+005 ©
R=0.515"

[
T

y=10.6x+0.07
R=0832" ¢

SALGRE Gs/(mol-m-s™)
<

0.4
R*=0.580"

0.00 0.02 0.04 0.06 0.08 0.10
PnRH/C /(mol-m?s™)
8 AREKEXEARINE
£HT C, 154 Gs ##H
Fig.8 Gs model for C, crop under different climate

types and different environmental conditions

3 itie

C, 5 C, fEW IWUE K[E, BFoRRM, /=&
Kb N (C, 1B B9 WUE B /N T2k (C, 1E
1) B H. C, AR IWUE /N T ¢, ™. A
o ZEM R RE MR Gs T, R A BRADEA fE
91, H P & T/NE T 2Y Gs B R F)— @ PRI, N
) P FEARDEREARAS T K AY P M5 2238 A, {388 538
WA TR, ULAAEE SRS T IR B, €, E
YI/NZE ) IWUE PR FEAR, 1 C, /B9 F K1) IWUE F#
X3S, ARG, BAEMFI Gs T,
IWUE &5 19 K T #E 5] 55 09 7K 43, ol 7= A o 22 11 [
¥, BEIALEM R | AR B R g T =k
e R L S T NE

AR AT AED 1 IWUE AR, Gs. Pn 3
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Variation of Intrinsic Water Use Efficiency for Crop
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Abstract:In order to explore the difference of intrinsic water use efficiency (IWUE) between different crop types and its
environmental impact factors, Kehe28 for maize and Dingxixin24 for wheat were used as experimental materials, through
the barrel and plot test, the two set enough moisture and drought stress treatment, observation of corn, wheat in different
water content and photosynthetic physiological processes under different meteorological conditions and literature
information collection, analysis and comparison between C; and C, plants, under different environmental conditions and
characteristics of the same crop IWUE of slope and stomatal conductance model. The results showed that C, corn had
higher IWUE than C; wheat. Under favorable environmental conditions, the IWUE of wheat was lower, while under
unfavorable environmental conditions, wheat tended to increase the IWUE. Meanwhile, C; crop growing in humid
climate had lower IWUE than that growing in semi-arid climate. The slope of stomatal conductance model of maize was
higher than wheat. Additionally, under stressed conditions and semi-arid climate, crops tend to reduce the slope of
stomatal conductance model. In conclusion, this research indicates that stomatal conductance of crop could regulate its
aperture to maximize water use. Crops tend to conserve water use under stressed conditions, whereas it consumes little
water as much as possible under optimal condition to maximize assimilation. The results could provide a basis for crop
variety selection and allocation in a research area.

Keywords : photosynthesis rate, arid and semi-arid areas, water use efficiency, stomatal conductance model





