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RIS T REBAR EL, U BEBLG P B AT 2 R,
{HHE KD T 32%, A RS T BRI AE K,

R PR ] P A o AN [R] R Al 7 QA 7] (R 7K
B HIH BT, ERXANE R0 T RANF T
S AW TEED it AR SCE R BB A R R s
HBANFRIK T SR T BB 16 & R A -
o7 AN R ROV 7 3T AN R A 7K B sk Bk
JeERFE RIS LA D S T3t DBRAR DR g
e igS %,

1 R5HEE

1.1 #RXER

TR UG AE I )11 44 AT T e B A2 2 IR AR 2% i 4
IRARON AL ] 5B A E FE R T F2 , 56 el [X F 32 3=
FONLTHE AT, T AR B 1.27 glem®,
B FF KR L) h 23.18%, 1EATFRIKE A 40.53%, A
RFF KA 18.75%. RI6 X J& I #vs i i 25 XU A
X, FF P30 16.3 °C, 3 E 1 196.8 mm.
1.2 RBE&It

RIS DR RS O Fip R, AR EWONEAE 3
HFf—10 H bfy, R4EHFZAEFRAE, KL
SRNANEEM, WY (3 A NA—4 A LD, 1
WAL R (4 H Bf—5 H LD, Bkl (5 H
FH—6 ATED, W (6 H EA—10 H RAD.
A X R R PEAT &, PREEA 4.4~45 m, R
4.9~5.2m, Fii 180~478 cm, k4% 6~10 cm; HRHUL
H15y 2 Bk AEK, —Bch 2.9~3.0 m, FI[E] 7 H {H fE
4 3.3~35m.

AARIGRFH 3 FilE 7 =0 CUNVE IR T . T
WEEE) 4 FhgKALBE (85%E/K (357K (LD).
70%E KR EES (MD1). 55%38E 7K i fiw 2 i 5 K

(MD2) #l1 40%#E/K I EE 757K (SD)) & 100%%E
IKIIXTHEZE (CKD, E/K it AE R FH 7K B — 1R At HLAgA
Ao it A B A [ o 6 HH PR A B it A B 2 4 e A AR
P A R = (7K RERC 7, BRI AL LE T4 1%
FH A BB — AR 15 £ Tt o EE 7K BN E 8- AR (R 458 FE RS
IKEFIAT I . FOKERAKEPHE T

ET=I-P,+U-R-D+Wy-W , (1
A ET AMEBFKE (mm); | AEEKE (mm);
P NERBENE (mm); U N FAKANAE (mm);
Re AHLERZRE (mm); D NEZBIRE (mm);
Wo FIT Wi 4353l W0 U it BB AR e i g B F 33 i /K &

(mm) o RIGFEEE R N EAT, ELHL R AR R 4 m
FIT LA R KRR 25 FTR 2 8 e SR A S
KERARL, # P=0, R=0, U=0, D=0. [,

(1) ATLAfE AN
18

ET=1+Wq-W; , (2)
B KR LS TFOKE .. BRRpb KRR 1 PR,
1 BRIEME K Z

Table 1 Lekiwi irrigation amount mm

= B UBHEE Micro N ] W Drip
Deficiency degree spray irrigation ~ Tubules flow irrigation
AT (LM
660 660 660 776
Mild water deficit
HREET K
(MD1)Moderate 543 543 543
water deficit
TR 57K
426 426 426
(MD2)Excess water
# 5 57K (SD)
310 310 310

Severe water deficit

I B K 2 R R O
WUE=P,/T, , (3
A WUE; Al K FIH % (umol/mmol); P,
NEEEEZE (umol/ (m? 8)); T, NZEME#Z (mmol/
(m*s)),
BRI H AN
CE=P,/C; , (4
K. CE ABRMEZE (moll (m*s)); C; JiE CO,
JEE /R 43 % Cumol/mol) .
1.3 $E+RNE
A4EFMH 8 A 25 H (RAKM=ZER
i, S AR G SR H A B3
AotE4L (LCPro-SD, [ ADC) M 08:00—18:00
WE 7 R e ERrE . R E R e 7k %
AbFE PP B AR 6 AT, A TIE 2
o M5B AR 32 BLALFE I A] CO, BEIR 04 (C
ARIEHER (T). SILFE (G MiFeEHE (P,
P RGBT RSP AREL. SR A IBM SPSS
Statistics 19 F2 /7 ELH I A ) 5 R R AR vk AT 4k
Ya5341, 2 FELECK A Duncan 4.

2 ERE 7
2.1 EREHEM

1 (@ —K 1 (H AMEARKD 7R
CRE” PRk e AR H AR AE . R 1 (@
Fiw, TR EEEER (P HAR 2 SRR,
HASE TG ZE 1~5 pmol/ (m? s), BT (LD) At
B HB @AY m T M. WEHSE P, 7
AFEFIKS 58 RN MD2 4 #>CK>MD1 it
H>SD 4bEESLD 4b#E. il 2 (b) Fras, MulE CO,
EEIR % (CH HAMLE “V” B, HELIEEE



HRRE S5 ARG DT 20N K S R Rk o S R K R

250~380 pmol/mol, i #E H & Gs fEA A 17K 7377 ik
TN MD2 43 >CK>MD1 4 #>SD 4 H>LD Ab
Mo HIE L (o AIAL, SRR IR AL
B (G H¥E “Vv7 2484k H 4 1Ly Bl 7
0.15~0.33 mmol/ (m?s). Gs ZEA[RIMIK 4> 58 T %
N CK>MD2 4 FE>MD1 4 FE>LD AL FE>SD AL,

& MK E T X Gs BIEER, mbiEKE
7 ER I K0 A R EL S A IR, W
BIE Gy EARB K56k TR CK>MD2 it
FESLD AbHI>MD1 Ab#E>SD Ab#E . d ] 1 (d) w40,

MR AR ERE (T HYEREE, g aE
TG FEAE 1.3~3.5 mmol/ (m?s). ZEA[E 7K 45 ik

RPN CK>MD2 4-FE>SD 4 ¥ >MD1 4-#>LD Ab
M, HE 1 ) ATE, WUE & “V7 JE, #hkasih
HAEJEEIAE 0.5~2.5 umol/mmol. i%¥#EH Y WUE;
EARFMK S ZE TR N MDL 4B >MD2 4
F>SD AbFESLD AFESCK. M 1 (F) alkn, T
AR (CE) & “M” 3, Mz b 0L iEH
£ 0.002~0.016 mol/ (m?s). bRk, EFH
1 AN/ B JE e R 3G N T B B T R
IR A S A 2 /N 2 FARAEG . 3 F 35 CE #EANIR]
HIK 58k RN MD1 AFE>SMD2 AEFE>SD Ak
HI>CK>LD &b,

6 - Ab3E Treatments: 450 « 4bE Treatments: 04 4b3 Treatments:
—=—1LD MD1 —=— LD MD1 e 1D VD1
5 | (":/'}5’2 SD MD2 S T i S D2 D
N . ¢ ~ 400 ¢ —e—CK % T % o« ¥
£ E £ *\% :
° g | & S 02 r -
g 3 £ 30 x £ \ ;,\,,\,E 78 -
2,1 £ — 5 ;/i = o+ 1
o 5_ 300 =+ O] 01 F
1 -
0 . . . . . , 250 . . . . . , 0 . . . . . ,
08:00 10:00 12:00 14:00 16:00 18:00 08:00 10:00 12:00 14:00 16:00 18:00 08:00 10:00 12:00 14:00 16:00 18:00
i %] Time i} )| Time I %) Time
(@) Pn (b) Ci (c) Gs
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o g 15 | o
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Fig.1 Photosynthetic characteristics of drip irrigation

2.2 WMBUEX G

2 (@) Al%, THBHHEH Y Py ANFEFIK S5k
NERIA MD1 43 >LD 4BE>MD2 4-FE>CK>SD 4t
., wE 2 (b fw, WM CEAFERIKS
TR RN CK>MD1 4 FE>SD 4 FE>MD1 At
Hi>LD kbEE. B2 (o) wlkn, i H% Gy AN H
FIK > T E FRIN MD1 43>LD 4bFE>MD2 Ak
H>CK>SD Ab#, HIE 2 (d) A4, e T, 4648

FHIK 58 RIS MD2 A #>CK>MD1 4k
H>LD AbHE>SD 4P, HE 2 (e) WA, flwiEH
BIBRIST 7K 4> R FH AR (WUE) AN 56 T R
N LD AbFE>MD2 4 FE>SD 4b#>MD1 AbFE>CK. H
2 (F) Thn, FWHERIER (CE) HIBAFEIK
T E N RN MDL 4 FE>SLD A H >MD2 Ab
FESCK>SD Ab# .,
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6 r KbFE Treatments:

A Treatments:

AHE Treatments:

450 ¢ 0.400
—= LD MD1 MD1 ] =L MD1
~ 57 I MD2 SD o~ 0350 | )
o —e—CK 400 L b
g 4 3 £ 0300
E g :
2 3 % 350 E 0250 z
&2 g ' 0.200 .J‘:/i
© 300 | —1 1
1L 0.150
0 e 250 . o . . 0.100 T
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I8} %) Time A %1 Time f %1 Time
(a) Pn (b) Gi (c) Gs
4 5 4bF Treatments: 0020 4bH Treatments:
ES —+LD MD1 e D VD1
I — ar e SD MD2 SD
3 = _ CK 0015 |
N ; \ & T ——CK
o 1 3 5 % T
8 € 3} o
S 3 B
T 2 E £ 0010
£ ¥ 4bFE Treatments: ; 3 2 E
= | = LD mpr W 4
IR - MD2 SD = 1L 0.005
'I‘ —s—CK
0 1 1 1 1 1 J O 1 1 1 1 1 J O 1 1 1 1 1 J
08:00 10:00 12:00 14:00 16:00 18:00 08:00 10:00 12:00 14:00 16:00 18:00 08:00 10:00 12:00 14:00 16:00 18:00
i %) Time i %) Time i %) Time
T (e) WUE; (f) CE

B 2 Bow i RS 4k

Fig. 2 Photosynthetic characteristics of micro-sprinkler irrigation

2.3 INEHRAETM

w3 () w1, NEHIEY Py AFRFIK S
TN RN MD1 AL #>CK>MD2 4b > D A H#E>SD
AbEE . 3 (b)) Fow, NEHIR B CEA T
KT TRy MDL 4 #E>LD 4b#E>CK>MD2 4t
H>SD 4bEE, I 3 (o) A, AMNEHRHE GoA
7 () 7K 4r 5 Bk N £ PN CK>MD1 4 ¥ >MD2 4t
Hi>LD AhFE>SD A4bFE. P 3 (d) "%, NEHIR

A Treatments:
6 - 400

A-EE Treatments:

T AEARFE K58 F RIS CK>MDL 43 >LD 4t
H>MD2 4L#E>SD 4L, IR 3 (e) WA, /N I
H ¥l /K 23 R 2% (WUED A TEZK 4875 6t R 3%
Blh MD2 4b¥>MD1 4 ¥E>LD bHE>CK>SD Ab#,
HIE 3 () AT, MV HRRGER (CE) HIA
[F7K 375 6 N RN MD1 A3 >CK>MD2 4b#>LD
AbFE>SD AbHE

K:F Treatments:

—= LD MD1 —= LD MD1 035 r —= LD MD1
5 MD2 sD gnfz s MD2 SD
L R
= ~ I i 030 oK
o 4 530 | T\\i T P
s o
: E I A\ L o0z 1
e £ ; S
o Z a0 \i //t S 020 i\
I o \\:\ &
1 _3[ T 0.15 | = 71
i P
0 . . . . . . 250 . . . . 0.10 e
08:00 10:00 12:00 14:00 16:00 18:00 08:00 10:00 12:00 14:00 16:00 18:00 08:00 10:00 12:00 14:00 16:00 18:00
Fif %1 Time Fif %1 Time i %I Time
(a) Pn (b) Ci () Gs
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4t Hi Treatments: Kb FATreatments: b H Treatments:
400 —=—LD MD1 3.00 —=— LD MD1 0.015 e I|\_/|%2 gADDl
MD2 SD MD2 )
350 e cK i 250 | E %*CK ; *—CK
0 - e 9200 |} ‘ £ 0.010 /R
T 250 | \ g i L /
S 200 € 150 | g
= =
€ 150 et s}
[ 49 100 f 0.005
1.00 F é =
050 | 050 |
0 1 1 1 1 1 ) 0 1 1 1 1 1 ) 0 1 1 1 1 1 )
08:00 10:00 12:00 14:00 16:00 18:00 08:00 10:00 12:00 14:00 16:00 18:00 08:00 10:00 12:00 14:00 16:00 18:00
i %1 Time %) Time I %) Time
T, (€) WUE; (fCE

B3 hEHALSNE
Fig.3 Characteristics of the discharge discharge of tubules
® 2 NAFRMERARANFKS 5o E  11.0%. 10.0%. 10.2%. 10.6%. 5 CK #iLk P-MD1
PR SRR . R 2 WA, 5 CK AL FEHY P, G CE 7 Al# &1 T 8.9%.5.4%.10.8%.
X-SD 43 HI3i e AR (PO HISALFE (G T H YL SRS S CK LR EEE S .
HfzsE (1) KRIER (CE) 70l K T
k2 MERSTHAIER LERER LA 4FE
Table 2 Effects of water deficit treatment by drip irrigation on photosynthetic characteristics of kiwifruit
W73 fib
Irrigation method ~ Treatments

Cil(umol mol™)  Py/(umol'm?s?)  Gd(mol m?s®  T/(mmolm?s™) WUEy/(umol'mmol®)  CE/(mol m?s?)

X-LD 348.00H4.1a 2.4530.0456ab  0.19340.00201b 2.1020.355ab 1.34290.0308ab 0.0070320.0012b
X-MD1 341.00:41.5ab 2.66+40.0613a 0.21240.00250a 2.2340.365a 1.3640.0275ab 0.00781+0.0011a
HE
X-MD2 337.00:43.7b 2.5720.0702a  0.19820.00186ab 2.0920.349ab 1.4040.0282a 0.007630.0010a
Drip irrigation

X-SD 342.0014.8ab 2.3740.0766b 0.19040.00151b 2.0340.318b 1.3240.0280b 0.00690=0.0010c

CK 342.003.8ab 2.6620.0436a 0.211460.00201a 2.2620.351a 1.3429.0280ab 0.0077140.0011ab
P-LD 347.0045.8b 2.8140.208b 0.24446.0028b 2.2140.206bc 1.6340.0451a 0.00809=40.00012ab

g P-MD1 347.00413.7b 2.9540.218a 0.25340.0031a 2.3840.198a 1.5240.0418b 0.0085240.00012a

2SR = =3
Micro-sprinkler P-MD2 352.003.7a 2.8140.194b 0.24140.0026b 2.2440.208b 1.6340.0464a 0.00800=0.00011b
irrigation

P-SD 347.00:40.7b 2.600.165¢ 0.22449.0026¢ 2.1240.199¢c 1.6240.0477ab 0.007450.0001c
CK 353.00+5.1a 2.7140.218ab 0.2440.0027b 2.2940.168ab 1.4740.0426b 0.0076940.00011bc

D-LD 332.0026.57b 2.5740.232¢ 0.22140.0027b 2.1940.187b 1.2340.00146b 0.007780.00017c

D-MD1 339.0048.63ab 2.8240.198a 0.21746.0026hc 2.2430.194ab 1.3840.00175a 0.008350.00014a

N IR
D-MD2 341.0029.64a 2.8340.235a 0.22540.0022ab 2.2640.191a 1.3340.00153ab 0.00834240.00017ab
Tubular-outflow

D-SD 333.0046.84ab 2.7140.213b 0.21340.0023c 2.250.189ab 1.3040.00178ab 0.008210.00016ab

CK 340.0041.79ab  2.7620.246ab 0.23540.0027a 2.2640.181a 1.2740.00135ab 0.0081520.00017b

ARG FREIORFAYIZ R 2% (P<0.05).
Note different lowercase letters indicate significant difference in the same column (P<0.05),
2.4 REVEKARNKGSTREERKSFIRYER I, (SRR 5 K IR BRI K 70 R R —
H% 3. K4 ATH, ARPKETHNIENE  ERENR S HE R K (LDD., HEESR/K (MD1),
BRMBOR, 2K 7 o)™ BN Ak RIEAE (WP BESRk/K (MD2). HEEEHUK(SD)ALFE ™ & H CK
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Iy A T 1.5%. 0.73%. 5.46%. 23.63%, ¥ LD.
MD1. MD2. SD 4b¥#: CK 23 A4 T 0.1%- -3%.
3.8%-. 15.7%. TKFEEREMHEE~=ZMN/N, FK
FEBEBR I A FOE T P B ZEBOR . RUEE K7
7 BRI (1) 7 B AR N, e BE K A3 R B
W= A E A . D-MDA 4377 B4y 5% D-LD.
D-MD2. D-SD. CK #& | 2.4%. 11.9%. 35.3%.
1.3%, X-MD1 &b 2= 553 7 £ X-LD X-MD2. X-SD.
CK #2% 1-0.4%. 8.3%. 56%. 1.3%, P-MD, kb3~
B0 % P-LD. P-MD2. P-SD. CK #£% 7 0.4%.
4.2%. 28.4%-. 2.8%. TERGEHAIFIIIK 7K
FIFHRCE (WUEer) I KFR/ NGBS, wI i
bt FEK G I WUEer ZMEUR, 26T =21k 3|
wNAE . K 4 HE 5K AL 7 KA BB =
Ft, {HIE HoAd A B A e 3 22 R o WUEer R EJE S
K5 i B 7 KB I 3 1 22 e, LAt 5 A 38 (R A7 A
BEEER.
% 3 TRIaHGE T X =2 R KRS A #E
Table 3 Yield and water use efficiency of different
micro-irrigation methods

b3 FE/K = Water 7= & Yiel
Treirints Conjfjr:lzion/amem ’:Shmi?/ WUEer/ (kg m™)

D-LD 652.4 12515.1 1.334
D-MD1 524.0 12 833.25 1.633
D-MD2 422.2 11472.9 1.812
D-SD 308.4 9488.1 2.051
X-LD 644.2 12 819.45 1.327
X-MD1 519.6 12 864.75 1.651
X-MD2 411.9 11839.8 1.916
X-SD 296.7 8198.1 1.842
P-LD 636.9 13010.85 1.362
P-MD1 534.9 12958.2 1.615
P-MD2 412.4 12 486.45 2.019
P-SD 308.1 10 136.7 2.193
CK 731.8 12 657.9 1.153

E 4 FRKET R E 5K R
Table 4 Yield and WUEgt under different water deficit

KLFE Treatments 77 Yield/ (kg hm?) WUEgr/ (kg m™)

LD 12 781.84249.9a 1.29140.0254c
MD1 12 885.45464.95a 1.57440.0155b
MD2 11 932.954376.5a 1.8660.0809a

SD 9 282.94986.7b 1.99240.212a

CK 12 657.940.000a 1.08629.000d
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33
3.1 ARIFMER SR TARRIKESHREKBIEER
TEHEE &R RN

ARG M T OBE . NE IR E C 3Y
HREEWNZESR (P<0.05). NEHIRSHEHESEHY)
Ci X TREA AR o HE . /NVE IR A A
WTVEE H 35 C; B 5 7K 537 SR AR FEE R0 R T AN T 1 AR
HOGEAE R AT VI A A7 R e — IR TE, e h
YERI /N E R R B R s & 5 f R, <AL
S 5 AN RREAT A e ) R B, Eid
FLFF FI ] LAk B 6D S A R CO, RSN 28
AR FE K o BIEIUR B UL BE R DR /IR SRR 7=
B 5 R A B R, FE /N A R e
HHSILSE (G 1 MD1 A B kT HoAt
AbEE, MITE 4K E TN G AIRHHER, Tk
/KT R R 20 5 LS A IR
NG R R BUR ) F B, TiKES
556G 1E R E AT, BT DAZE G I 200 B iEsg
A i 5 T SE A A LA AR R o ARG E T 7R AN R 1)
T VR WA X R AN ) (1) 7K B R B XS b e A H ok
W VEE L /INE IR B TR R 23 ) S R B2 ) 1 - MDY
AL FRAE /N H IR AN RS E o R 25 A T A R AR
FRAS ZE I TR 2R 1 K o R B2 A T 2R 08 AR R A PR
7R T P BELST T AR HE F RES ] 5 ) CO, BE /R 438, &
WE T VI B HE G IE S, AN TR AR
AP0, RIS LE R, i MDL AL R AE
oRE T HAR T K b . WUE, 26 &% P, 5
FRIEH R T, A ELAE, ) WUE; B39 K A 4 (K 23 )
PR =
3.2 AEIREK AR TARERIKE SRS AR =
= RIK S FI MR

ARAR I A T W 2 TE 7K 43 75 SRR FEE A1 N VR
75 ORI, 0= SR N, (RIS B K T R
(SD) Ab 3 /N HA UL RSB E B E 43 ol BRIk T
23.6%. 15.7%. A[EHKS 7T, MD1 b3 =&
Bim, WUEgr AT #- A ER T RT 51
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Effects of Water Regulation on Photosynthetic Characteristics and Yield of
Kiwifruit Leaves under Different Micro-irrigation Methods

GAN Yukang', SHI Haoran" CUI Ningbo®*", KANG Jiahui*
(1. School of Energy and Power Engineering, Xihua University, Chengdu 630039, China;
2. State Key Laboratory of Hydraulics and Mountain River Development and Protection, Sichuan University, Chengdu 610065, Ching;
3. Key Laboratory of Water-saving Agriculture in Southern Hilly Region, Chengdu 610066, China)

Abstract: [Objective] The purpose of this study is to investigate the different ways of micro-irrigation under the
influence of moisture regulation of kiwi fruit leaf photosynthetic characteristics and yield. [ Method]l With “jade”
kiwi fruit as the research material, using small pipe flow (X), micro sprinkler irrigation (P)and drip irrigation (D)
three irrigation methods in kiwi 85% implementation of irrigation water in the whole stages of mild water deficit
(LD), 70% of moderate water deficit irrigation water (MD1), 55% of irrigation water on the degree of water deficit
(MD2) and 40% of severe water deficit irrigation water (SD), and set up the 100% of irrigation water control (CK),
the changes of intercellular CO, concentration (C;), net photosynthetic rate (P,), stomatal conductance (Gs),
transpiration rate (T,), carboxylation rate (CE), instantaneous water use efficiency (WUE;), yield and water use
efficiency (WUEgr) of kiwifruit leaves under different water deficit were studied. [Result] Compared with CK, the
average daily WUE; and CE of d-md1 improved by 8.5% and 2.7%, respectively. The average daily P, and CE of
P-DML1 increased by 10.7% and 10.4%, respectively, compared with CK. The average daily C;, P, and CE of
X-MDL1 increased by 10.9%, 12.2% and 11.4%, respectively, compared with CK. WUEgy of D, P and X3 treatments
all improved to different degrees compared with CK, but the yield of D, P and X decreased with the increase of
water deficit, while there was no significant difference among drip irrigation treatments. Compared with CK, the
yield of D-MD1, P-MD1 and X-MD1 increased by 1.4%, 1.6% and 2.3%, respectively. The yield of severely
deficient water treatment was significantly lower than that of other water treatments, and there was no significant
difference among other treatments. [ Conclusion] MD1 can save irrigation water and increase WUEgr without
reducing the yield. There is no significant difference between severe and moderate water deficit in WUEgr, and the
yield of X-MD1 is higher than that of other treatments. Therefore, X-MD1 is a more suitable irrigation water deficit
model for Kiwifruit of “jade”.

Key words: irrigation mode; water deficit treatment; kiwi fruit. photosynthetic characteristics; physiological indexes
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