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I, BRI AMER 7, e 2SRV G G ) B IR A A AR B A A

AT MK o 7 I AR 2 o K SR AT B9 S RO AT 5 KA B S , 1 g T P
IS B PR K 437 St T R AL s T 5 A IR I A e, IR R RN 3K 4
J&, Ko T R E R W I R T, 3R AR v R K A R R (WUED™ . TSR I, R IEAT 5 7K b 3
WUE 215 13%~15%". [R5 7K A 3N 1 3R IRAT, It sir=>" SRTM0 , % Navelina i idE AT 5 275 7K
NS PR B, AL A 5 7K 12%~27%, F57K /8T 1000 m¥/hm* (£ 3 m* /AR I, 5 /K A 25 §ami 27 B Fn 5 Sz 5
i, PR AR, HEE T K (50%) I8 F 1 B K7 & (18.4 t/hm™) Al K 7K 73R F 243 (7.14 kg/mD™, 1
10 A a)—12 A H a5 A it 75 %880 K , X6 7= B0 i 35 R 7ESE SR AR5 28 40~70 K47 5K,
TE 3 3 F5e K 5 A e 1 7K 40 R 28038 1 TR, 39 SR o R 52 s i 0 B AR I 5 E RS, AR B T 4R
R BB T K AN S, B RN T 72%~77% , M 25 B i T 6 R 3.5 4517, 5 7K A B S BRI B T4
JRATE™ . FEFFAEHART 10~30 d 7 7K B AR 0E B AT 60%~80% 5 7K YA 2 B2 BRI Bk 7= &, G L Ab 2R 1)
7B 2 LN IR R 10.49% 7. 5 K EBE AR A T Bk B RT VR [ A R R B v T AR HE Y. 2ROk
(P,)>-2.0 MPa B, 75 ACKE XA P2 5 0 SRANRISZ e Sith, DAY IX B )32 a4 BR ik
WEFENT B, 456 A P= S b I DL M E IR B A R, 78 2 AN AE B 0 BT AN R E K B AL B, A3 W AN A AR
B A FIE K EX BRI E = B 5 7K 7 F 8 R 2 ), 0 7873 4 SRR (0 A 72 8 ) AR gk e i b X
TR =l A e B B IS R

1 MR575E

1.1 3 XHE5

5T 2016 423 H FAI—10 H NAUAE VY 1148 B0 i VL 5L 0% 2 BRIUK B Bk 5 b (4K 534 m,
103°19'—103°41'E~30°5'—30°21"ND 47 o« 1 I& X AL T B #8-F SR B Hb , LASFIIL, Fe B T o 32, & I AT 1
T2 RS X, ARSI N 16.3 C L A BER &Y 1 196.2 mm, 5 X RHE E A 87.84% . 1% I M B (5 M i
F10.43 hm?, 38R DL 353 + o8, RS BN 1.27~1.45 g/em’, H 8] 5 & 45 7K 5 N 27.34% , + 38 4 %R
O HUN0.69 glkg, AR 9.32 g/kg, A RN 4.6 mg/kg, AU E A 130 mg/kg.
1.2 R

TRIIE ) 7 a A2 “ LB BE  #R 55 170~200 cm, 742 8~10 ecm, 76 )2 1 1.5~2.0 m, 1P Y 7T 70 A
1/ 2.9~3.0 m, “FIIRATER 5 mx4.5 m, M 5 2 0 450 PR/hm®, BN AE PR ST 3 o, e 2 A AR 7
ot REMHIACT 8,3 H Mz 4 H b aD R RIACTTI, 4 Ay s A BAp) VRS KA AT, 5 A
iz e H FAD ARSIV, 6 H T E 10 H FaD . 3560 LLUH BUEEE R0 B (CKO , 43 7 ZETTTHA |
IV I B 445 KK, BEZK 43 ) A CK ) 85% (HW) . 75% (MW-1) 165% (MW-2) F1 55% (LW) , #E7K J& 3
FT~10d, TEDLER 1o G50 FH IR 5042 fE 2 3 e 1 7K IR TE O it on , HoR K IE — R A i & 45 . AR AR 2R
(RIVERE S CK —F

F 1 BRAEHE K T S iX I & 4L 22 K T mm

Y] CK 1I-LwW II-MW-2 I-MW-1 [I-HW IV-LW IV-MW-2 IV-MW-1 IV-HW
KK I fi&K PR Hk K fiEK IR IK Hik 7K
ks R HCTD 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05
FFAEAL I 10 27.30 27.30 27.30 27.30 27.30 27.30 27.30 27.30 27.30
TN R AID 39.00 21.45 25.35 29.25 33.15 39.00 39.00 39.00 39.00
TS RAHI (V) 33.00 33.00 33.00 33.00 33.00 18.15 21.45 2475 28.05
KR 617.55 551.57 568.06 584.56 601.05 461.59 500.58 539.57 578.56

TR A AT LA R PN, B BE 1.2 m SOERE DAL W B KR IR 1T BRI AR 5 Bk 6 26 ST AT 1 56T
BT I KRS BT, R DL ) Dripnet PC s g # 2CiG HE Y , Y 1 I A 152 , o 2% 90 HE 7ty 4 )
FEPIHR 144> 5 3 AME R S CRERRBR 5000 7 MR SK) L il & 1.6 L/he THE R GUKIE ML T K, KE 7L, KR R
U TV RS E EAL S TR I R KR IR AR AN I O P D S5 B0

T IX A FH g ' v A R 20 97 T A4 Dy e Y B0, #5 7 5.5 mosnE R, 28 B AR I 7E i AR A T 2
HEER HEKA GRIEH0.05 mm JF B3 /K 5D B AL AE 171 , A7 B AE 2 51 R e fa], RSF 29 60 em s 98 50 em, S H b
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THTHEZK B B0 X B AR T KA R4 T, BN IX 5 ] ] DX 31 T30 B 2~3 ) SRR A SR OR 4P 77 , DR 7K A it
Iz e R4, 1 XL TR 7K VR 12 m.
1.3 MEFE

SR R BRI 338 5 7K 265 8 4 B 45 20 A AL (LCPro-SD, 96 [ ADC) , 4373 T 111 (6 A
15 H KIS 6 KD IVII(7 H 30 B, #EK G 55 6 KD KA B H % 3% % A BB A AR NEN 4 /-7, I
08:00—18:00 BR Bk 16 B 4 1, AR 5 6 S R (P VSAL S (g0« 28 11 3 28 (7)) AL 1] COL R AR 43 3
(GO KAIEE (D A1 & %R 5 (photosynthetically active radiation, PAR) »  FFU1E I BB 7K 73 R FH X%
(WUE=P,/T) FIBRAEZF (CE=P,/C) ; X /KB Vg it A KR,

% FH SPSS19.0 #1147 B K1 35 5 %% (analysis of variance , ANOVA) 73 HT , % ] Microsoft Excel 2007 £ ]
E%.
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P 1 g3 VAN R A B 2% F T M Bk Tt Dl A Ak R I ik P 7K 70 R FH R 1) H AR A, 26 2 g iE /K
735 HORREREOE &R H 2R R ARG T RERORAE 0.05 KT EAC T E) 22 57 3 .
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450 b3 mI-LW = III-MW-2 450
: CEIV-LW  mIV-MW-2
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25 gy, a a 40
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e %1 i %)
(i) CE-IITY () CE-IV I
40
fhEp, ®IOE-LW - =[OE-MW-2 = I-MW-1
_ 35T [I-HW  mIII-CK
5 3.0
5 2.5
5
g 2.0
2
o 15
2 10
0.5
0
08:00 09:00 10:00 12:00 14:00 16:00 17:00 08:00 09:00 10:00 12:00 14:00 16:00 17:00
it %1 i %1
(k) WUE-IIT Y (D) WUE-IV 1
B 1 ARkt B At feet B BRI KA R 60 B R AL
R 2 BERGT BN S4EE B A
P/ T/ g/ c/ CE/ WUE/
b
M it (umol-m*-s™) (mmol-m?-s™) (mol-m™-s™) (x10°) (mol-m™*-s™) (umol -mmol™)
MI-LW 4.00+0.035d 1.79+0.006¢ 0.9840.044d  276.84+1.732a  0.014 4+0.001 3d 2.23+0.042¢
TI-MW-2 4.420.002¢ 1.89+0.001bc 1.31£0.065c  272.26£0.001b  0.016 2+0.001 Oc 2.34+0.001ab
RSEAIIAID  M-MW-1 4.60+£0.006b 2.05+0.012b 1.39£0.058c  269.38£0.577b  0.017 1£0.001 Ob 2.24+0.015¢
[I-HW 5.0940.001a 2.15+0.006ab 1.8240.015b  262.65+4.619c  0.019 4+0.003 6b 2.37+0.008a
CK 5.1340.218a 2.2240.319 2.00£0.066a  252.71+2.174d  0.020 3£0.006 3a 2.3140.651b
IV-Lw 5.28+0.497¢ 1.86+£0.415¢ 0.94£0.072c  304.16+£1.528a  0.017 3£0.001 38¢ 2.84+0.575a
V-MW-2 5.56+0.360b 2.01+0.254bc 1.45£0.01b 284.08+7.211b  0.019 6£0.001 3b 2.77+0.197b
TSR (VD IV-MW-1 5.56£0.472b 2.15+0.254b 1.48+0.026b 285.60+3.055b 0.019 5+0.001 3b 2.59+1.867¢
IV-HW 5.99+0.069a 2.25+0.329ab 1.60£0.130a  276.09£6.351c  0.021 7+0.000 4a 2.66+0.963¢
CK 6.12+0.218a 2.33+0.319a 1.63£0.066a  266.80+2.174d  0.022 9+0.006 3a 2.62+0.651c¢

M LRI 2 AT AR 1, DA 2 (PO AR B AN K & 1A F R — € 7 7 - P 0 ARG R FIRIR,
12:00 3£ B WAL , IV 1] %% 4L B P, 7E 12:00 4 6.73~8.09 pmol/(m*-s), 17:00 24 3.28~3.98 pmol/(m*-s) , ¥ F-111
#(4.75~5.57 pmol/(m’* - $)2.69~3.81 pmol/(m* - s) ; P, Bifi #E /K & I /INTT I B, 55 CKOAH EL, TITL IV 9 4% Ak 3
() P, 3 5 T B4 0.92%~22.09%2.17%~13.80% , 2o FRTII-LD . IV-LD A 1) BN 0.92%-2.17%, 5 CK 2 57
ANEZE (P>0.05), PR SCHR[28] 10 45 SR — 21
4



DIPRBER I AL S (g0 H AR AL 538K, 12:00 34 W4 AE , T IV HH &% 40 BE g, 7F 12:00 23 5132 1.18~
3.07.1.5~1.87 mol/(m* - 8) ; [AI ], g I 33 {EL BEE 7K & (980N 1T FEEAIG, SR A CK>HW AL FE>MW-1 4L FE>MW-2
AFRSLW AL, 5 SCRR[27) R ST 45 SAH A . 5 CKARLEL, TS IV BAAS [F] 9 K & A0 B S g FEIE 20 008 9.19%~
51.22%1.98%~42.42%, IV-HW 4 4 CK % 7 A 83 (P>0.05) . g WS T RHPAR % VIHH % , HAZ 4L
OB, B A LR (0 T R A R SR T R 3 i, i A G I A MEdE g S K

3B BE I F RS R () H ARk £ “08:00—10:00 3% _EF+.10:00—12:00 Z5 18 [ F.12:00 72 4715 3 %
K 12:00—16:00 212 T [+ 16:00 H 450 H 5N A& . T H AR A= & HIAEE K & A IR H — 2
(22 5« VI AL R 24 R T £E 2.07~2.61 mmol/(m?-s) 2 [8] , BT AL TR T, 1551 4.4%~6.15% 5 THE 5 7K FE 1)
TR BRAR , H ¥ TR B A CKSHW AL FE>MW-1 A FESMW-2 A FESTW AR P, H B II-HW AILIV-HW Ab B4
CK Z A RZE (P>0.05) , HAR AL 22 351k B2 /KT (P<0.05) . T g B —5, TR g 3 KT g m.

S BRAERE B R IE] COARR 43 $0(C) H AR A6 WA, TITL IV A S5 AL R C7E 08:00 43313 366.7x10°~410x
10°.360.36x10°~379.58x10°°, 12:00 fiz /)N , 73 55l A 247.62x10°~267.53x10°.243.29x10°~281.32x10°; £5 &4 2
AT, CEVE /K B U800/ T 48 K, B 2 A LW AL FE>MW-2 Ab3>MW-1 4 FE>HW 4L 3>CK, [TT-LW . [V-LW
AR FREE CK R 357 9.54%14.00% (P<0.05) ; [F I, TIHHH & A B C AR T IVIH 3.63%~6.63%. CAH S Pung,
A, A LA BT YA A AT, B2 WRIRAE IR 0, BBk i B 7E 08:00419:00 B 552K, il 5 % 8
SR JE I i, g B 1R P 3 A COL Y AE BB I, CHT 4R R R, H 12:00 38 25K, 12:00—15:00 328 21 Tt

SYBRABERE B R A R (CE) H A8 N $lg 7, CE S E /K B R E EL , E K &K, CE K, SRR BN
CK>HW 4 F>MW-1 40 F>MW-2 40 >TW 4, TIT IV AN [5) 98E K & AL FE 1 CE H ¥1{E % CK 43 ) B# 1
5.06%~14.95%.0.83%~16.76%, & IV-HW &L BE A, HAR AbBREL CK 72 S 24015 i 3 PR 7K1 (P<0.05) s[RI, TV 3
MR CE H 35 E 844 5 T 11T 32.73%~45.20% , EIE 7 SCHR[29]1FF FE 45 R o IV T4 ) b 7 S PR IR 21,
B IRV T R ) SRS RS, 3 — D R T R CE R B S KT (H 2K 43 R T S I —
ZE5t,

6O TR AERK I I I 7K 43 R FH 2503 (WUED 7 08:00 52 A 52 10 LK 5 09:00—10:00 2 #2176 HE 5
FE¥Gag, H PR S L S T T, Bk WUE T 674 i, IV 3 WUEAE 12:00 535 & T 111, ol 5e 2 IVIH PAR
m TIEA . TRACHTEG FN, VIR wUE BRI &, IV 5 7K 5 ) WUE 8 CK AbHE11 AS iR 7E-1.46%~8.36%
Z ],

22 FFE FRKERKIFIBYER . o At

B 7= 18 FE K& KK 0 R H 3% WUE, . 33 LW S81.71 10385.6:55.9b  1.85£0.01ab
Ezi? , 71: ﬁ{% 7J(§ ]}gﬂ&& T 3%3{%@]5%1%%*%7]( S I 1 (T [I-MW-2 601.20 11009.1+£60.3ab 1.90+0.01a
It S ASHILIVE SRR 5 S R e G
BB 2.50%~10.14%+5.76%~22.92%, i 1 VLW 481.78 10 522.8+51.6b 2.18+0.01a
P TR 009%-620%.245%-519% sy (N2 I e 2o
B AN [ 7K B Y A T 0 A bk 7 R ) 5 IV-HW 589.03 10435.84562b  1.77+0.01b
i 3¢ 7N s WUE, 43 5 #2155 2.82%~7.34% - 0~ CK 625.03 11 076.9+34.1a 1.77+0.01b
23.16%, H WUE, it %5 #E /K 2 (08N R BRI N, IV-LW AL 5 K (2.18 kg/m?) , 5 SCHR[26 1% BRE Rk
)5 KIRER 45 R — 8. Hor TI-HW L IV-MW-1 2L BRAE 57K 2.50%  11.62% 1 [ I, 72 248 CKAL T 0.09%
2.45%, WUE, $& 51 2.82%10.73% , ;& B b 456 38 ‘B A E /KRR

34T iR

RIGHE IR I, T HE S5 AN [F) AR 7 30938 3 Ol JEE /KR AN R 5 38 BB bk ' A3 R (P , 3 HLAT 23
T K R R o RO 3K g3 U, 24 R AR K g T R, AL T FE (g0 PR AR 1.98%~
51.22%, 78 i 2 (T) PRI 3.52%~20.45% A6 ok /N E /K & i ' G 3 e 38 n 1 J DR o] g el 10 B 1)
KRBT A 5 R G B A DG 1, 8 A T AR CK R A AR o i 1A R 3 v T CK 7R G
BECOR I, 7 KT A [F) A6 G B i ] rbel A rbes AHOG mRNA [ 3R15 2 EFH#H, 85 5 K2 T Rubisco




BRI P 2 5000, PR3 2 75 7K (K 38-1.40~-1.20 MPa) Ji » Y6 R GE I IR ROBALZE R  SE Bl b 22 2008 e
KIS fr LT AB AR, AR R BEAR, M7 19 A S R K,

AT B TUACHL T HE AR RN ) A 7 3 BE 0D WE K AE DR HF R 7 B T A S T B RT3 T » 9
PHROK R (WUE,) o« AR5 6/ MBI 7 B CKASUR B 0.09%~6.24% , Tt WIFEARE 2 A2 7 36K
AN KR BRAER B RN WUE, B8 0%~23.16% , 15 SCHR[27] 75 K B 45 SR — 8. e A1 AR Bk
WRBR TR P B ) B BT, L) 20 S0 BE T 7 Ol A7 AR AM O 13 8 T KR B mok it 57, R
FLIRIEFT I, PR K™, B Pu i TR TRKT s 7t & 7400 (K T, A R SR s 4t 2R 4 A 2
K eI T SR SEARRIIE AN, SRS IR AR AR LR, FE A IR A AR AR , 5 L0 K, AN L
ER RS, AR IV-MW-1 AL P CK R B 9.15%(P<0.05) , {H7= AT 4 2.45% , WUE, #E i
T10.73%. Rl S 38 B2/ B 08 T B 1AL BRI B KRR 48 25 A B4+ 00 2, A AT
IR R TR ) A B AT

4 45
DFRERE I B & R A & BIAE K = A FENT S0 — @ 1 ZE 5, K= 0N, 6 AR K

RS AL G R BEAR S PRC AR . TT-HW. IV-HW 2B & 3 %R 5 CK 2 3 A 5.3 (P>0.05) , B
IK R R CK T 47157 2.70% 1.39%, [II-HW 4P 55 CK 22 8] 2 2k 5 2 /KT (P<0.05) o

2D HEAS [FIRE K SR BRI ™= B R M /N, 77 B 7K 43 ) FH 20036 B E 7K & 1980/ K B0 38 0 i B Ak
#o 5 CKAHEL, 75 RS2 R R S AT 5 KA B J , BRAe sk r= A T B 0.09%~6.24% , 7= B 7K 43 )
FRCRSE R T 0%~23.16%-

3T E R INEE K B ST, TIT-HW L IV-MW-1 40 38 7E 5 29 ZEBE 7K 2.5%  11.62% 1) [F] B, 7= 5 858 CK AN T B
0.09%2.45% , WUE, 2 151 2.82%-10.73% , 15 B 7E i e ik S < 12 K S 1B A7 7K L SR S e AT Hh /K b B g
TR BB I KRR 3R
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The Effects of Drip-irrigation Amount on Photosynthesis,
Yield and Water Use Efficiency of Kiwifruit

ZHANG Xiaoxing', FAN Yi*, CUI Ningbo"", LI Chen*, 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. Provincial Key Laboratory of Water-saving Agriculture in Hill Areas of Southern China, Chengdu 610066, China;
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Abstract: [Objective] This paper aims to provide a drip irrigation schedule during fruit expansion (III) and fruit
maturity stage (IV) of a seven-year old Jin Yan kiwi, based on the effects of irrigation amount during the two stag-
es on photosynthesis, grain yield and water use efficiency of the kiwi.[Method] The field experiment examined
five irrigation amounts: sufficient irrigation (CK), high irrigation using 85% of water used in CK (HW), middle ir-
rigation using 75% of water used in CK (MW-1), moderate irrigation using 65% of water used in CK (MW-2),
and low irrigation using 55% of water used in CK (LW).[Result]Deficit irrigation had a significant impact on
photosynthesis, with the photosynthetic rate, transpiration rate and stomatal conductance all decreasing as water
deficiency increased. The instant water use efficiency under water deficiency was -4.83% to 14.05% higher than
that under CK, and the photosynthetic rate under I[II+HW and IV+HW treatment was not significantly lower than
that under CK (P>0.05), being 5.09 umol/(m’-s) and 5.99 umol/(m’-s) respectively. The yield under water deficit
irrigation was 11 066.7~10 385.6 kg/hm’, only 0.09%~6.24% lower than that under CK but increasing water use
efficiency by 2.82%~23.16%. The water deficiency in IIIl+HW and IV+MW-1 reduced the yield by 0.09% and
2.45% respectively, with their associated water use efficiency increasing by 2.82% and 10.73% respectively.
[ Conclusion] Overall, high irrigation amount during fruit expansion stage coupled with a moderate irrigation
amount during the fruit maturity stage can considerably improve water use efficiency, saving 2.50% to 11.62% of
water, with only a slight compromise in yield, compared to the CK. It is therefore the most water-saving effective
schedule to drip-irrigate the kiwi in the studied region.

Key words: drip irrigation; irrigation amount; kiwifruit; photosynthetic traits; yield; water use efficiency of yield
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