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WIS . TV &R AR, T AR K 2 F
By 45K BRI, 4K 3 T AR ) 2 98
fas, FEEE AR A K, BT K R R
Thomas 271 B, 57K 2o {2k 3 SRR I 75 R (absicisic
acid, ABA) &), Panigrahi Z5!'VE I, #RF 5K T
M A P, B AL A 0.03 mol/(m*-s), BRI 7K
/3 F % (instaneous water use efficiency of leaf, WUE;)
S 16%, P, HI3R e MG E R K P82 WUE; $2H
FHJFEHN . Chang 25" RIE, F/KAEE 2 F )G, EikEtk
GG TaPrt B2 IRIK, F KR KD 7 s st
SELIFERG . Gasque 25'I7E Navelina £ 1075 7K iR 5%
R, 55 KA FRAETT K 12%~27% ) [ 335 A BRI
FRE, IR K () KT 2.0 MPa I 75 7KK 0]
FEEL BB RAFIRN . Roccuzzo VR IIESEE
WIHEAT 5 K A B AT A WUE; $25 13%~15%. Tejero
AR AT AGET 1 000 m¥hm? (293 m/BD) B, 57K
SOPLIEC S (RNT  — - A IE SY i

VEW 32 217K 73 i I 1 o D6 Gl R )y, R
A B 7 B AR A DR R LS S FL PR ) S5 S ALER #11. o6
A A AL AT E AR A R AL PR ) 1) — A B B 4 2 A )
CO, WKE (C) MBI M, JHE C BIRIERENY. ik
1 20T K R 6 v & B KR A A LR FIME 5 3RS
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FLBR B 2 AR S AR . B3 S S R N 2T
IRELG A E Z R DA N LR A 2R, S2ma Rt
10 B R AL R R 2 AR S BR B AU S AR 2
A R, 5 R3S KR B g I Ko
BRIV IREOG, AT i b ¥ 5] — {0 Ak 43
fraa I SN, AL AR LR 2 8] (75 7K B R AR
BEBANA . HATE Pt E & 3L 5 LR
il K BIE FE > WARIE .

AR SCH (R RIT TE G HE K 53 5 RO R AR O 0
Py PR ROK R AR R RN, $R 7 K 4T
SRR 6 BRI SE AL, 9RO\ ZRAR G 7K
3 YA R I P L SRR 7K 2 v 2R P L 32
IR FLAL

1 MREREE

1.1 #HREXHBER

RET 2016 45 4 H—2017 4 1 HAEP)I4& KA
WL E KAy G4k 544 m, 30.32°N. 103.43°E) 34T,
TRYGH IR TIE L, PR E N 1.45 g/em®, HIH]
FKEN 26.13%, HIESFFRESEN 0.69 gkg, AL
TR BN 9.32 glkg, AR TR 0N 4.6 mg/kg,
WA R E S ECN 130 mg/kg. R XA T RHSF I
Mo, JE ARG IE R KSR, P 163 C, P
YIRIXHERE 87.84%, H-FHIRIHE 1.67 m/s, H-FHREK
& 1196.2 mm.

1.2 REFITRIIRE

RIGLL 7 aE “AHEK” MG M, HREd 2.8~
3.0m, A 10em, HRITHE AN 25 mx3.0m, FEAF
IRy iR eI (4 A BR—TFH, T HD. 413
(5 A Efj—6 AFA, 1D, Bl (7 A EA—
11 A B4, TED ARy (11 AR a—x4E 1 A
A, VD,

o FE 3R KR BR SR i E /K & AT LA BB
AERR RS L, (EAEFE 3 LB 0 1L e DX Sl BT
AR R Z AH L AR T 2%, 1T 6 39 T M L s —
g A A AR, B RISEPRE, A
FEAKEORIEAT R 5 EE . R mIfE I, IVEI R E R
FEGIK R K T KR T KA, KR
3 RIARHIR (CKD ) 85% (LD). 70% (MD))+ 55% (MD,)
1 40% (SD), WHE 1 MR (CKD, HKFEIZ A
7~10d, XFHRALFEHE K BN 100%, AH24T 90% 1) H (Al FF
K. 4 NEE IS HEK S LR 1. 50 FH AR5
GEAAON AT BR 2 5] 7K VA AR TS 7 N, A it AE 2 R
ST HE A B KRR — A S A o AT AE ST NL P
K Bt 42.75 kg/hm?, 4F 305500 N P+ K AE 19.50,
55.5019.50 kg/hm®, 5 52 % KA 43 il it NP K AE 250.95
259.35. 395.55 kg/hm?, I N, Py K B
84.00. 203.70. 235.50 kg/hm?.

PRI R K R KR — AL R G, TR FH DLt
%1131 Dripnet PC & Jy#MERES, ATHLImAT 5%, ¥
HEEMILAE, BRWMEEERENK 20 MEEXES

AT Sk, WA 1.6 L/h, 1R85 2 B 1 NMEERANX,
B 2 6B, KEH#HORERTT, HBEEREN
320 L/h; FEEECEME, HARKXE DR ERE
IKF o BEAT 5 7K AL BI04 i I HEAT IS TR %, 24
VRE 7K IS 1) 3fe DAV AR B 55 T E K eI, SR PR AL B A 1)
I, HZREPAAAIREKER . K56 % /MR HHEE 1 m
(14 REE SRRk ARG, B3 Lk b3 [R] 0] 17 7K 5338 %% 1) s
LA 3.6 m g ot R R S0 B WA D e R et 161X
MR KR 12 m, R KRG TC o o At ) B
S FR ]
x1 HERERAIEEKE
Table 1 Irrigation amount for treatments during drip experiment
m’-hm™

Q- Treatments

TS T AE ) s SRRSO SRS

— — Headi d 4R Fruit Fruit it
TK TR Ea g and v, ing ruit ;’ul-t :F‘t :

B Deficit OWCHINg i tane CXPADSION  maturity  Tota
Stage degree stage stage stage

H¥ SD 127.50 165.00 109.50 210.00 612.00
ET Y P
=X

# D (MD,) 127.50 165.00 150.00 210.00  652.50
Fruit i
expansion =~ 127.50 165.00 190.50 210.00 693.00
stage (MDD

%R (LD)  127.50 165.00 232.50 210.00  735.00

HE SD 127.50 165.00  273.00 84.00  649.50
SRR -
W avo EEMED% 127.50 165.00  273.00 115.50  681.00
Fruit ‘:F‘F"“E
maturity =~ 127.50 165.00  273.00 147.00  712.50
stage (MD)
%P (LD) 12750 165.00  273.00 178.50  744.00
7 None CK 127.50 165.00  273.00 210.00  775.50

1.3 I8HRNE

SRIEIL. V5K 6. 7K (8 H12 H. 11 A
15 H, RAKEW)D 08:00—18:00 1# 4 HshEE &
X (LCPro-SD, #[E ADC) WlEM H & HA. KK
EZ (Ae)\ N E&FHMEES (photosynthetically active
radiation , PAR ). 1 id {40 /N 5 3 R 4k
BO8-HOBO il & KR i fE (7,0 FUAHXEE (relative
humidity, RH)-.

HH A RRE I e 5k R AP R AR
1) 4 Fmbr, e Hos AR, AE A COy IREE (Co-
EEHE (T, RILSE (g) RiFeE#EE (P). H
T g, BH&, NS CO b, ARG A TER
ER, HASLIRGME (Ls) RFERIGHA1EH LR H
(Ls=1-C/C,s C, KRN COMEED: T M Frilf g
&, HERAARTE 5 Rubisco 5 14 PR RuBP ALEG A=
REJIBRAR, SR RS ERBE K, JESFLBRHME
i G /g, Keit s,

FEK R /K B Pl h 5

ET=[-P+U-R~D+WyW; (D

A ET HEMFEKE, mm; 1 AEKE, mm; P.NE
MIEWNE, mm; U A F/KANARE, mm; ROAHIER
W, mm; DONREBIE, mms Wo M W5 BN B
YIRS BOR 1 -39 fi /K B, mm; (R 06 76 36 N A P 32F
17, UL TERE AR =4, 2B T KRS FIR 2
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B, # P=0, R=0, U=0, D=0. [Hitk, X (1) LA
A

ET= [+ Wy W, 2)
W B I K 23 R R SR A O
WUE=P, /T, (3)
A WUE; N#R KRR, umol/mmol; P, AiF
HHZE, umol/(m*s); T, AZEMEHEZ, mmol/(m*s).
BRAWHFE I EAAN:
CE=P,/C; (4)

K CE NRILEZR, mol/(m?s); C; AMilA] CO,KEE, 1075,
FEWEKFIH 2% (WUED A= 5K E R,
kg/m’; VEPI7K 53 R R0 (WUEBRr) A7 i 5 AE K B L
#, kg/m’.
B R BRS5 2 1] ) 22 5 2 MR A SPSS19.0
HEAT BN K 7% (analysis of variance, ANOVA) 447,
A E SR ALE Microsoft Excel2007 2.

2 GERE55H

2.1 INERFHATL

2 AMMEH WG R EHE R T H A B 1 R . B
K1 aTsn, M0, IVHIH T, 2EielR, 0§ (E HB7E 12:00,
H¥) T, 5558 32, 16 C; M1 IV H®)Ae 43 5N 4.30x
10> Pa. 3.21x10> Pa; PAR £ HIEHI HAR L, 111, IV
WIH BIME 2 98 751.24 247.12 pmol/(m?*-s); RH £ T
MRAR L, T IV H35ME 77108 80.12%- 88.33%.

s X
s i /‘/’ﬁ\‘\.—‘ o 30 /—a\—‘\‘
o & 25
S <
g 3 N\. = 20
32 Bl e
N 1 5
0 0
8:00 10:0012:0014:00 16:00 18:00 8:00 10:0012:0014:0016:0018:00
Fif [ Time i) Time
a. KREZE - RIS
a. Difference of vapour pressure(Ae) b. Air temperature(7,)

= 120

1200 100
& 1000 X 80
= 800 E 60

\gi 46;88 40 |~ 32K Fruit expansion stage
% 200 20 | =S SZ B Fruit maturity stage
A~ 08:0010:0012:0014:0016:0018:00 0 8:00 10:0012:0014:0016:00 18:00
B[] Time [ Time
c. BB RERES d. HEXHBEE
c. Photosynthetically active d. Relative humidity(RH)
radiation (PAR)

Bl ZEFRRETEER

Fig.1 Diurnal variation of main environmental factors

2.2 EEKSSHASHMEHTL

Bl 2a FE] 2b S 5 SR AN SR S B AN R K 2 5
BACE MG F e A ER (P HAEM. P, HARLE
KR, 12:00 HIIE “2RAK” IL%, ANEAIE P, BT KE
(R IR T ARG TIT. IV CK I H 3 P, 23 ik 3.94. 2.85
umol/(m?s), II[-MD;. [I-LD. IV-MD, FfIIV-LD 4b¥ [
WP, 5 CKEEBEER (P>0.05), {EII-MD,. [I-SD.
IV-MD,. IV-SD 42 H ¥4 P, T % 18.6%~31.4%(P<0.05),
IV P, B 26.28%~43.50% (P<0.05), 4%
PRk 3A 5K o e SRR, AN 7t 5 R — B

P 2 FE] 2d Sy 5 SI2K HIRR S I R AR HEAS [R] K
oy 7 R AL ERA AR T AR (T HAME. T, HARL R
Bk, T, IV CK H¥ T, 45K~ 1.75. 242
mmol/(m*s). [I-MD;. [II-LD. IV-MD,. IV-MD,. IV-LD
W T, 5 CK EEFER (P>0.05), II-SD. IV-SD 4t
BT, bt CK AL 73 I BEAK 20.9% 23.7% (P<0.05).
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0 0 S
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b SRR P,
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a. RGO aEREP,)

a. Photosynthetic rate at fruit expansion stage

45 ~45
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o 35 5 3.5
823 £33
220 ' Ny £20
g ATingy f
& o.(s) 0.(')5

8:0010:0012:0014:0016:0018:00
fis &) Time

c. REMGRIAM 1 28BS HAR(T)

c. Transpiration rate at fruit expansion stage
500

2400
E300
[=}

E 200
4 3100

8:00 10:0012:0014:0016:00 18:00
i5fE] Time

d. RERBI T,
d. 7, at fruit maturity stage

0
8:0010:0012:0014:0016:00 18:00

FifIF] Time B[] Time
e. REPERIIM F LT () £ RS g
e. Stomatal conductance at f. g, at fruit maturity stage

fruit expansion stage

450 450

~ 400 400

& &

Z 350 2 350

U 300] $ 3 U300
250 1 T 250
200

200
8:0010:0012:0014:0016:0018:00
fif[A] Time
g I A HaE COIRIE(C)
g. Intercellular CO, concentration at
fruit expansion stage

B2 KRR &M RS SR B
Fig.2 Diurnal variation of citrus leaf photosynthetic parameters
for different treatments

Pl 2 FH P 21 S 5 S B RH SR i Rl s B HE A [R] 7K
oy 7 AL ERF G I A SAL R (g0 Bk, g HARLE
RIUPR, ANFET KA g 78 10:00—12:00. 14:00—16:00
B FEAAFAEHEZES, 5 10:00 HL, 12:00 FfII-SD.
[I-LD. CK 43 g 3/ 27.27%~28.57%, MII-MD;+
[II-MD, 4B g, 43 B30 25.00%- 20.00% (P<0.05); 5
14:00 AL, 16:00 FFERIV-MD, kb3 g, i/ 14.29%4F,
HopnhsEBmgR. M. VI g & RESHN 1504 350
mmol/(m?-s), EER M T ERRE, MA@
g BRI 2 KA R

Kl 2g FHEE 2h Sy S S RS SR S R 2 S VEE A [
KAy 7 SR AL R AE I R CO, WREE (G HAZk. C
HAL R “v” B, HAKTEELE 250x107°~340x107°,

8:0010:0012:0014:0016:00 18:00
s} 8] Time
h. SN C,
h. C;at fruit maturity stage
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Y H C, ALY 350x10°~480x107¢, C, la% & T C,
C; M HAAE i 5 R IR e 45 ] — 8, R, &5
IKALERE] C AR EAAFAE I 22 57 5 10:00 AHLEE, 12:00
A TII-MD,. ITI-MD; . III-LD 43 C; 38K 2.53%~11.37%,
[II-SD. CK 737 FF% 8.06%. 5.71%, FRII-MD, #hH:4x
AL FR 2 S t5I8 B 25 KSF (P<0.05), IV-LD. CK 437 R %
10.18%. 11.77%, IV-SD. IV-MD,. IV-MD, I && %5

(P>0.05).

2 2 T HEIK 4) 5 B A TG AT A SRS I . SRS
BSOS G E R )52 . HER AT 50, T IV P,
g M T, a4k ERE S KRR/, 5 CK AL, 110
-LD. IV-LD 4¥ i P, Al CE ¥ LR EZER (P>0.05),
IV-LD 4b# ) WUE; #2755 36.61% (P<0.05). "I, i&
KR HE K 25 B C(IV-LD) A F T3 i AE H - WUE;.

R2 HEKS S RCEM AR KR SRR

Table 2  Effect of water deficit on citrus’s photosynthesis during fruit expansion stage and fruit maturity stage under drip irrigation

JESLHE K Fruit expansion stage

AbEE Treatments
P,/(umol-m™2s™") T./(mmol-m2s™") g/(mmol-m+s™") Ci/(107%) WUEy/(umol'-mmol ™)  CE/(mol'm™>s™")
[1-sD 3.71+0.18 cd 1.77+0.07 b 70.50+3.01 ¢ 273.4+1.05 ab 2.09+0.24 ¢ 0.014+0.002 ¢
[II-MD, 4.06+0.23 ¢ 1.69+0.13 b 80.33+£5.22 ¢ 255.5£3.94 b 2.40+0.05 b 0.016+0.006 be
[II-MD; 5.05+0.26 b 1.86+0.14 ab 100.67+4.00 be 277.2+4.15a 2.72+0.36 ab 0.018+0.009 b
[II-LD 6.25+0.30 a 2.03+0.09 ab 110.33£3.27 b 258.7+1.90 b 3.08+0.30 a 0.024+0.001 a
CK 5.97+0.20 ab 2.08+0.14 a 140.33+7.67 a 280.4+7.13 a 2.87+0.23 ab 0.021+0.001 ab
4638 Treatments SR A Fruit maturity stage
P,/(umol- m s T,/(mmol-m s g¢/(mmol ‘m2sh) Ci/(107%) WUE;/(umol-mmol ") CE/(mol'm™2-s7")
IV-SD 3.8440.06 ¢ 1.88+0.30 b 170.33+6.04 ¢ 313.6749.22 b 2.04+0.42 cd 0.012+0.0001 be
IV-MD, 4.49+0.19 b 1.82+0.06 b 260.33+7.00 a 309.33+8.30 ¢ 2.47+0.19 b 0.015+0.0005 b
IV-MD; 4.59+0.14 b 2.19+0.04 ab 260.67+8.05 a 320.33+8.23 ab 2.10+0.05 ¢ 0.014+0.0012 b
IV-LD 5.53+0.21 a 1.81£0.08 b 200.33+7.01 b 321.00+7.86 ab 3.06+0.25 a 0.017+0.0013 a
CK 5.24+0.22 ab 2.32+0.05a 250.67+9.25 ab 334.33+10.88 a 2.24+0.17 be 0.016+0.0001 a

E: WUE A R BRI K3 R RS CE MR NF/ING FRERIRF S22 7 83 (P<0.05). T,

Note: WUE; s instaneous water use efficiency of leaf; CE is carboxylation rate; Different letters indicate significant difference among same column (P<0.05). Same as

below.

2.3 WEKSTHEIRFESEXEGRE, BBEE
FBERTK SRR ERN KR

3 AAIRAE G BT RE K 7 s A ST AR I AL
BRAIME (Ls) FFESFLIRBME (Clgo HAfL. HIE 3a.
3¢ WAL A& T /KA BEG Ls & 08:00—10:00 Z8i 14K
10:00—12:00 ZZMZ k71N 14:00—18:00 FREEH K (KA Ak
#, Clg, 2 08:00—12:00 TREFRAKAKF 12:00 f5dvE F+
E AR S, AR R R AR, 5 CK AL,
Hg KA G Ls N Clg, BE 5 7K FE 0 R 2 531 48 K
1.24%~20.11%. 2.17%~27.47%. 45&E 2 /rirafis,
08:00—10:00 [1], &7 /KA ETRIRIIERIN N P, 1
Ko g b, CPFRIK, Ls 8K, Clg, PRIFBARAKT, Ui
B SL R 2 I B A A - P, R B 3R 10:00
—12:00 P, HIL “HeIK” L%, H 5K A fabR
AWAEAE B 2R, HPII-MD,. [II-MD,. [II-LD 4-#
) g Pov Ls K, CHER, UiMASLBREIZ “OtT
PR LR E R 2, [11-SD AL G Ls. P,
W, g Clg B3R, BEAESFLIR G ZT-SD Ab#E H
W HTR” IR EEZ R R 5 12:00 AHEE, 14:00
IS III-MD, ITII-MD, . ITI-LD 43 C/g, 4 12:00 ] 2.13~3.94
% (P<0.05), AESALHER G =T [FFATA, 14:00
PUG SR FLBR B &5 /KA R P, I E R K. 48
FRTIR, A5 KA EEAS [F] i BERZ A P, (1 5 B2 R 2
08:00—10:00 FALFE P, 1 =5 B2 DK 2 25 S LR i1,

10:00—12:0011[-LD. II-MD,. III-MD, 4:FE P, 3&/NMF) T
TR RS FLIR I, T1-SD 4bHE P, BRI 3 B 5 A2 E
AALRRS], 12:00—18:00 FAb3 P, ¥ E ZE 52 m K 2 N AE
SALRR A

0.50;_+_SD -o-MD 0.50
045" MD, --LD 0.45
0.40 CK L 0.40
0.35 5 823
« 0.30 2 30
~0.25 ~025
0.20 0.20
0.15 0.15
0.10 0.10} ;
0.05 0.05
8:00 10:0012:0014:0016:0018:00 8:0010:00 12:0014:0016:0018:00
i) Time I} [E] Time

b. RIRAH Ls

a. SR FITILIRBIE(Ls) ; ]
b. Ls at fruit maturity stage

a. Stomatal limits at fruit expansion stage

14 3.0

12 25

10 2.0

&8 \} &

6 1.0
4 X
2 0.5
0

0
8:0010:0012:0014:0016:0018:00 8:0010:00 12:0014:0016:0018:00

i} 8] Time i} ] Time
c. R I TILIRFHE(C/gs) d. LB Clg,

c. Non-stomatal limits at fruit expansion stage d. C/g; at fruit maturity stage

B3 AR EMAF R LIRS JE AR B B B4
Fig.3 Diurnal variation of stomatal and non-stomatal
limits of citrus leaf for different treatments

3b. d B, V5 /KEHE G Ls HALE 08:00
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—14:00 TREFEARAK. 14:00 J5iZH TH . 16:00 &5
BRI ES, Clg, KR “M” 8. 5 CK #lk,
IV-SD 42 H¥% Ls. Cilg, 53 ¥E =1 13.07%- 33.99% (P
<0.05), IV-MD,. IV-LD 4b¥ T B EA (P>0.05).
IVHAS 5 KA B2 P, () FEZE R R N: 08:00—10:00 %
T K AL B S5 RS FLRR ), 10:00—12:00 [A]IV-LD. IV-MD;,
RS ALBR I, IV-MD,. IV-SD AbEE N AES FLER #1,
12:00—14:00 %75 /KAEF S FLIR I, 14:00—18:00
B A AL R 1

4 NATRAEE WK 7 AR EE R AAG Ls 5
P, T~ WUE WM HZ., HEWH, Ls 5 P, IF LEE
ILRPEX R, (A T.BE Ls BRSO FRAE, 188 FLER
¥ T s R 2 . M Ls X WUE; 2R A ,
I WUE; b Ls W38 K, M Ls>0.4. IV
Ls>0.22 I, P, %A%, S8 WUE;, KIEF#A%, 111 Ls=0.4
KFIVEA Ls=0.22 [ 5 K 7] 5 A2 Bl & 4 103K, A
B PR R P

~17 =17
6 . . x°SD_ L6
150 x* a °MD2 < 5. =
g 4 ° o *MDI g4 ENRS
53 8 x% °° °xLD g,
g x 'mo omXay "CK g 2w Xa
2 ° [ o S 20 x
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Table 3  Effect of water deficit on fruit yield, evapotranspiration
and water use efficiency of citrus
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Effect of water deficit on photosynthetic characteristics, yield and water
use efficiency in Shiranui citrusunder drip irrigation

Zhang Xiaoxing®, Fan Yi?, Jia Yue®, Cui Ningbo**, Zhao Lu?, Hu Xiaotao®, Gong Daozhi®
(1. State Key Laboratory of Hydraulics and Mountain River Engineering & College of Water Resource and Hydropower, Sichuan University,
Chengdu 610065, China; 2. Sichuan Provincial Water Conservancy Research Institute, Chengdu 610072, China;

3. Hebei University of Water Resources and Electric Engineering, Cangzhou 061001, China; 4. Provincial Key Laboratory of Water-Saving
Agriculture in Hill Areas of Southern China, Chengdu 610066, China; 5. Key Laboratory of Agricultural Soil and Water Engineering in Arid
and Semiarid Areas, Ministry of Education, Northwest A&F University/Institue of Water Saving Agriculture in Arid Areas of China, Yangling
712100, China; 6. State Engineering Laboratory for Efficient Water Use and Disaster Loss Reduction of Crops, Institute of Environment and
Sustainable Development in Agriculture, Chinese Academy of Agriculture Science, Beijing 100081, China)

Abstract: Citrus is one of main fruits in China and it yield is unstable due to seasonal drought in recent years. It is important to
understand the mechanisms behind the citrus tree growth under the drought stress. In this study, we investigated the effect of
water deficit on photosynthetic characteristics, fruit yield and water use efficiency under drip irrigation. The orchard was
located in Chendu, Sichuan. The tree was 7-year-old Shiranui citrus. The average tree height was about 2.8-3.0 m and the
diameter of the tree was about 10 cm. A total of 4 water deficit treatments were designed in 2 growing stage of citrus (fruit
expansion stage (III) and fruit maturity stage (IV)). Meanwhile, the treatment without water deficit was considered as the
control with 100% irrigation amount. The 4 water deficit treatments included 85% of irrigation amount (slight water deficit,
LD), 70% of irrigation amount (moderate water deficit, MD;), 55% of irrigation amount (mild water deficit, MD,), and 40% of
irrigation amount (severe water deficit, SD)). The response of photosynthetic characteristics of citrus leaf to water deficit were
observed by measuring variation of transpiration rate, photosynthetic rate, stomatal conductance, intercellular CO2
concentration, stomatal limits, non-stomatal limits and instaneous leaf water use efficiency. The fruit yield and water use
efficiency based on irrigation and evapotranspiration were also determined. The results showed that the photosynthetic rate
varied in a dual-peak curve during the day. The photosynthetic rate of mild and severe deficit was significantly lower than the
CK but that of slight deficit treatment was not significantly different from the CK. The transpiration rate was increased then
decreased during the day for all the treatments and it was only significantly lower for the severe and relative mild deficit
treatments compared to CK. The intercellular CO, concentration was not significantly different for the LD and CK treatments.
The carboxylation rate was also similar for the LD and CK. The instaneous leaf water use efficiency of IV-LD was
significantly higher than the CK and increased by 36.61% (P<0.05). With decreasing the irrigation amount the stomatal limits
increased by 1.24%-20.11% and the non-stomatal limits increased by 2.17%-33.99%. When the treatment changed from MD,
to SD and from MD,; to MD,, the influential factor of citrus photosynthesis changed from stomatal factors to non-stomatal
factors. The evapotranspiration decreased with increasing degree of water deficit. The evapotranspiration of water deficit
treatments at fruit expansion stage and at fruit maturity stage decreased by 10.7%-36.3% and 6.7%-12.2%, respectively. The
yield of LD treatments was not significantly from that of CK. However, compared to CK, the water use efficiency based on
evapotranspiration of III-LD and IV-LD treatments was increased by 13% and 9.5%, respectively; the water use efficiency
based on irrigation amount of III-LD and IV-LD treatments was increased by 11% and 6.87%, respectively. Thus, the slight
water deficit could not only keep fruit yield but also increase water use efficiency, which was a suitable water deficit model for
citrus. The study provides valuable information for understanding citrus tree growth in drought stress.

Keywords: photosynthesis; irrigation; leaf, water deficit; drip irrigation; citrus; water use efficiency; stomatal and
non-stomatal limitation



