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Sie/INAH X M RE K R BH A A g R AR B Ak
JO « A ST b LRy B JTORY 496 - RORG B8 4o 32, ]
Frok B 19, 43% ~24. 13 % G 24 h i 5E) L 14K
Bmiml.4l gecm ®,

19 R it A A KR — AR AR A T A 1R A
s KPR K ZE e 38 2K % L FE i AT 2 R i
KA B R G055 A . T HE A Dy I =K
AR 12 mm, 35 3k B B 300 mm, i 3k i &=
2Le«h " iH#ETAERT 0.05~0.12 MPa,

WF5E % 4 by e i G2 AL 8 a B A M, 2008
AEFNAE L 2009 AF R4, B AR B 218 HE L 2016-05-15
Ty 1A T 188 MO T AR R K IR R A A

R AE £ 2 S BE IR A A5 ) R AIKOK 620
mm(W1), F17K 820 mm(W2), E /K 1 020 mm
(W3)3 Ak, s RH N P,O; + K,O=
2+ 1 Lomy el (B L) s e 3 7K (IRIE
HAE L &R L B NL P, O . K, O 4351 200-100-
150 kg « hm™* (F1), 400-200-300 kg « hm™*
(F2),600-300-450 kg » hm > (F3), % i&% & — 4
15 VHE HE 0 SE A9 (1 020 mum) 17 IR & (550-275-412
kg « hm ™) %t FBALFE (CKD) , AR 4 21 24 59 77 A AR
R B 22 Uy SR B R AR A 1R
AE IO 2 WK % R R O i A 2 Yk, A i
2 WK 58 B AN i IE L 8 A ORE 52 4 T A T I R E
L 38 S KIS — A A A i IE 2 N B R

1.2 RAWigit VI 2 1 SV A 0 ) GO o 2 U
AR SCHR L9 ] b 2 b A 208 B L 1505 E T8 7
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Table 1 Experimental design
K AL FR/mm JEARHE/ (kg « hm™®) (e ey
T BB RE Water Fertilization Fl()o)gin VK YO8 it AR YR 8L
G E{hjl‘:( D /t treatments treatments £ Trrigation Fertilization
Jrowth stage ate times times
w1 w2 w3 F1 F2 F3 w F
B ZF F A Germination-shoot stage 04-30—06-20 70 110 150 90 180 270 150 270 1 1
W Flower stage 06-21—07-20 160 200 240 120 240 360 240 360 2 2
RN K Young fruit expands stage  07-21—08-17 160 200 240 120 240 360 240 360 2 2
H 23 White-mature stage 08-18—09-18 160 200 240 120 240 360 240 360 2 2
SEE Full ripening stage 09-19—10-30 70 110 150 150 1
13 MEHARFE B PR AR AR GWUE kg » m ) B

L3, 1 ARIEAR  TEFA 20 AL 217 A
K BE RS AR CERS A . B 4 3 3k, i
SHURE 5 BREER, B AF M 7~10 d & 1
U WO ME . B A BE T A RO 2 o DA A (A
O 5 F TR F A & s W AR bR R G
DN, 0 S 7507 e 2 SRy I R LK

1.3.2 k&4 T 2016-07-30 10:00—18:00
HEAT G A HE AR A 5 (RT3 50 00 & 48 AR T 2 T
2016-09-15 10:00—18:00) , 3% F Li-6400 i % =,
364 M 5 AL (Li-Corlne, USA) | 58 B 6 4 3 R
(P VRALFE (GO M CO, MR (C) FIZE %
B CT,) . o B AR R 45 28 b4 ok i 22, R I
“L7FIE I s B — A 0 B Ak I
— AN B R AT — &b 3, 4 Ah AR I 5 S
AT — A, Qi e AR U 5¢

1.3.3 &= FMAF LG F/N R
B AL FRREALEC 5 B BOE 18 fAr & B A ™

FHAEA A B A 477 R b T RO IRk O A
7771 (PFP, kg « kg ') &4~ Ab B 5 77 8 HE S
Jiti A
L4 HESHT

F Microsoft Excel 2010 #4758 ¥t %5
SPSS 17. 0 Ge it Ak #E A7 & ko .
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2.1 KEBBEMNBELEXSHENTIG

M2 LLE B KXt g P T,
G \C, B3k 2B i 2 /K SF (P<<0. 01) 5 il AE Xof 21 4L
HH P, .T..G,.C; WSZ AR B (P>0.05); 7K
NEAZ B AR XL /e P, T, G 3k B 5 2K
F(P<C0.01) . X% C /52 M i 3 (P<C0. 05),
I S B KR 2% 0 KON R B 280 1 % £ O R TR Y
AL RTINS B

B2 D = VI N T [ G N4 0 1 ol SN
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P 14.59%.1.00% 51 G, #1 C, I Ky W2 >
CK>W3>W1,W2 KF G, il C, {E# CK 435
PR 4.44%.7. 26 % . TERNRIVE K & 55T, 1
e, P, T, .G, .C {HZ [ 22 58 /N, A
KB R P, T, .G . C e KA —

B W2F1 438, P, T, .G, s/MEH B A WIFL
BT G dRe/MEFE WIE3 Zb3 4 4b 3 P, (T, |
G, 1 G f5 KAH L 5 /NME 4 0 2 &5 23.00%
22.54% .58. 06% 1 58. 08%, & CK 4y 7l #2 &
12.61%.17.32%.8.89%.10. 66 % ., XL IHLL
K P,\T..G..C ZHEYHE, K& P, T, i
e AR A A g o £ A i AL R
JE I R/ IE R A S AT LA F LRI 2

K2 AEKBAEILIEMF AT

Table 2 Effects of different water and fertilizer treatments on photosynthetic characteristics of jujube leaves

AbFR Treatment P,/(pmol * m~2 « s™1) T./(mmol e m™2% « s71) G¢/(pmol » m™% « s71) Ci/(pmol » m™2 « s71)
WI1F1 7.26+£0.07 3.1540.055 b 0.3140.011 ¢ 447,.50+2.78 f
WI1F2 7.82+0.12 ¢ 3.1740.015 b 0.33£0.015 ¢ 519.89+3.38 e
WI1F3 7.7370.04 e 3.19+0.045 b 0.3520.10 ¢ 365.07+5.11 g
W2F1 8.9340.03 a 3.86+0.010 a 0.4940.015 a 707.41+4.48 a
W2F2 8.347+0.08 cd 3.68+0.021 a 0.4740.037 ab 639.25+3.45 b
W2F3 8.4340.03 ¢ 3.76+0.020 a 0.4540.015 b 710.42+2.79 a
W3F1 8.2440.05d 3.2740.057 b 0.35+0.015 ¢ 631.01+2.52 b
W3F2 8.67+0.13 b 3.40+0.059 b 0.36+0.016 ¢ 592.0642.04 c
W3F3 8.41+0.09 cd 3.28+0.049 b 0.44+0.032 b 536.53+1.44 d

CK 7.93+0.15 ¢ 3.2940.035 b 0.45+0.269 b 639.26+2.56 b
BEMKI (F )  Test of significance (F value)
W 10. 346 63.199* * 13.897* 13.434"
F 0. 39 0.1 0.152 0.165
W F 77.549" " 10. 517 10. 597 * 1251.19*

W BB S hRuE 227 T8 by e FFRIRF —F4E P=0. 05 K265 B3 AR F/NE 52 5E /R Ab 38 2 7] 22 5 B 35 (P<<0. 05),
MFE/NG FRER IR ZEF AL E (P>>0.05), * FKiR P<L0.05 KFEZFREFE, » « RRTE P<0. 01 KFERBEF. T« RRTE P>

0.05KFERLRE. TER.

Note:Data is “mean standard error”;the different letters marked as a,b,c,etc shows the difference between treatments in each column

at 0. 05 significant level and 0. 01 level respectively. No * indicates no significant,the same as following.

2.2 KERBENBELETEKERNZIT

e 3 M ASTA] 7K AR Ao B X6 21 AT RS A K AR AR Y
SR, QNPT HE KOV 2T A K 5 i 1k 3
F (P<C0. 05) Bk i 25 /K- (P<<0. 01) , Jifi A % £1.
AR K BPE R B3 (P>>0. 05) , K BB 22 H.AE )
X LA A K R e 4 3R O A B 2 K (P <
0. 01) , 15 B I 7K PR 22 FK B 8 6 28007 % 21 4 A
()52 e 25 s TR R &
2.2.1 REMErTL RAZGHm K3 AT
PLE A K I8 b 3 i 21 RS 42 Bl o A B I FR 2
B A T S K A6 S I A . FE R A ET
A RFENE K- T A AR 1 BE & HE 7K 5 38 e 3L ok
CK>W3=>W2=>W1 KK | o 7K Fi i 7K 43 ) e Xt

WA 22.12%.17.55%.3. 70 % , 76 A [7] #E 7K 7K SF-
T 3 It e A AR R CK>F3>F2>F1, 1%
JE LA AR MR Ah BEOBE XF R BE IR 16. 1520,
14.85% ,10. 37 % s BT AH o 91 JF 4, W2F2 4b 3
AR S SR, R AR 2 T A AL B [F] i W2F2
RS 4% 18 & Ry 6. 07 mm, 15 F i 7K AE 4b B K
CK H (4. 84 mm), Fi I % B, 5 A4 A 39 Al
V3 2ok 384 m 7K I8 R S ok 8 I RS A2 5 DOHT A oh 1
f, W2F2 4b A8 % S 21 A 78 43 i 1% Jr 5 19 5%
I3 FIK Sy

2.2.2 REme o A K Ha  KALALRE
RS Bt 2 A B 3000 2 K7 8 AR B A AR S
Wi —30(Fk 3), CK RSB & & F il 56 i & 1
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K AE AR 3, 358 B A% G 18 0E 7 XA R T 408 K Y
AR, BT . W3FL AL EERY KR 45 cm, R HL
hf. 5 W3F3 fl CK 4b# 2 8] G g 3 2 7
(P>>0.05) ; i AHT A i 1, W2F2 &b 3 A < 3
WL hh &R BN i M. WIFL, W1F2, WI1F3,
W2F1, W2F2, W2F3, W3F1, W3F2, W3F3, CK

Ak B A K B8 i 4 5108 51 em .51 cm .42 cm,
%3 FEKEAIE X EFHEKBH M

Table 3 Effects of different water and fertilizer treatments on plant growth of jujube

57 cm,64 cm (56 cm 48 cm 58 cm .55 cm .59 cm,
W2F2 hb PR HC38 fin& W1 db v T A AL 8, p kg
P AR A E I L 50 KOt T A KA
IR 0 1 P 5 2057 A e 30 o W2F2 KOS Ak 2
Sh R MR B 6 TS R BB SR S R K gy S5 AR
AT

A T 4 B T R S
b3 Early stage of new shoot Mid-stage of new shoot Later stage of new shoot
Treatment H42/mm B /em Hi%2/mm R /em Hi#2 /mm Bk /em
Shoot diameter Shoot length Shoot diameter Shoot length Shoot diameter Shoot length
WI1F1 4,8940.321d 30+1.323 ¢ 6.9041.054 e 44+3.123 a 7.91£0.652 e 56+2.821 ¢
WI1F2 5.21+0. 201 cd 32+1.298 ¢ 7.15+0.110 de 48+2.784 a 7.61£0.192 e 57+1.964 c
WI1F3 5.35+0.108 ¢ 4043.464 b 7.494+0.147 d 49+1.732 a 8.24+0.284 d 58+1.732 ¢
W2F1 5.4840.111 ¢ 38+1.223 be 8.4540.295 ¢ 59+2.000 a 9.16=+0.101 ¢ 68+1.589 ab
W2F2 5.25740.095 ¢ 3742.645 be 9.5040.312 a 62+1.501 a 10.64=+0.171 a 7341.895 a
W2F3 6.05+0.087 b 3741.412 be 8.75+0.271 ¢ 6143.904 a 9.85+0.600 b 68+1.802 ab
W3F1 5.89+0.140 b 4541.500 a 8.71+0.141 ¢ 5941.256 a 9.68+0.584 b 69-+2.624 ab
W3F2 6.86+0.180 a 3842.156 be 9.23+0. 346 ab 57+2.645 a 10.16+£0. 105 ab 65+1.458 b
W3F3 6.83+0.056 a 4441.000 ab 9.21+0. 601 ab 6242.291 a 10.25+0.128 a 71+3.605 a
CK 6.784+0.190 a 4442.179 ab 9.15+0.458 b 64+1.732 a 10.58+0.399 a 7242.905 a
BEMER R (F {5481 Significance test(F value analysis)
w 8.394" 6.778" 20. 807" ¥ 32.617* " 16. 844 * 51.571* "
F 3. 84 0.624 0.269 0. 145 0.191 0.025
WxF 60. 108 * 18.954" 18. 448" * 24,342 25,716 12.498*
FEHT ] e ) &5 19
kg Early stage of flowering Mid-stage of flowering Later stage of flowering
Treatment 72 /mm K /em 172 /mm K /em 172/ mm fi K /cm
Shoot diameter Shoot length Shoot diameter Shoot length Shoot diameter Shoot length
WI1F1 8.2140.831d 66+2.822 ¢ 8.9540.832 ¢ 74+2.291 ¢ 9.514+0. 360 d 81+2.179 ¢
WI1F2 8.00+0.430 d 65+2.969 c 8.69+0.430 ¢ 76+1.803 ¢ 9.384+0.340 d 83+3.278 ¢
WI1F3 8.75+0.238 ¢ 67+1.732 ¢ 9.14+0. 238 ¢ 76+4.582 ¢ 9.71+0.171d 82+2.758 ¢
W2F1 8.5940. 149 ¢ 774+1.804 b 10.22+0.149 b 89+3.968 ab 10.45+0. 695 ¢ 9542.489 be
W2F2 10.60+0.175 a 80+1.952 a 11.19+£0.175 a 91+1.802 a 11.56+0.451 a 10141.948 a
W2F3 10.10+0.320 b 76+1.658 b 10.45+0.320 b 84+2.291 b 10.89+0.721 b 9344.092 be
W3F1 9.7040.567 b 75+2.646 b 10.82£0.567 a 81+2.783 b 10.99+0.871 b 9341.802 be
W3F2 10.10+0. 265 ab 73+1.452 b 10.757+0. 265 a 85+1.866 b 11.14+0. 120 ab 96+3.123 b
W3F3 10. 6040, 157 a 78+2.605 b 11.09+0. 157 a 8942.291 ab 11.54+0.377 a 99+1.562 b
CK 10.80+0. 156 a 81+2.905 a 11.20+0. 095 a 92+3.122 a 11.62+0.332 a 103+3.968 a
B EYER I (F (1) Significance test(F value analysis)
w 5.706* 29,4 29,898 * 13. 000" * 11,735~ 22.037**
F 0.688 0.024 0. 04 0.104 0.162 0.139
WxF 18. 967 * 11,467 * 18. 621" * 17.264" 12.947* 22.736™" "
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2.3 KIEBEMEELERFTENHEIT

B 1 Ry AS ] KO Ak B 6 20 S = (g B i .
PP KRR it AT X 048 7 1) 52 e 4 OR B 3 (P>
0. 05) » 7K I A T A FH Rk 21 2 7= (14 5% 0 38 1) 4% Sk
FIKF(P<0.01) . bt B 7K RE R A 25007 Xof 41 4 7=
15 M) R B PR 2R K 3 it A X 1) 52
1 7K R B A5% 2 14 4 A 3k 3 o 48 o 41 P e A

A Bsf AT LA o AN [] KON Ak 3R 2148 7 5 A
4 661(WI1F2) ~7 256 kg » hm * (W2F1) [X |i] ;
CK 724 6 796 kg « hm {UAXfK F W2F1(7 256
kg s hm ?) 1 W2F2 4b ¥ (6 803 kg » hm ?),
W2F1 AbBE = dr CK Bi7=6. 77% . /A 7k 7k
S Xof £ AL 7 YA AN Wl e R, H A WOFT W3

8 000
= 7000
0
= 60001 d T
£ 5000}
g
= 4000}
£ 3000
i 2000
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0 1 1 1 1

a

1

W40 T B0 i F2 /K B0y i K T
F1 fil F3 /K, F2 Jifs AR5 (4 7= 5 e F1.F3 43 51
ik 1. 48%. 26. 13% (W1), 12.65%. 10. 63%
(W3) ;75 W2 JEBE & HKF T a8 RA N
F1>F2>F3,F1 =& 1t F2.F3 23 5 $2 6. 66 %0 .
25. 13 %% s 76 ) it B 28 45 10 T 5 20 2 7= i B 0 UK
WK FRIC W2 i T Al KT, W2 K
o A 7R b W1, W3 4 F 5 33, 14%,
29.50% (F1),45.94%.39. 01 % (F2), 15
LI F3EIEREKFET. W1 5 W2 Z 2 721R
ANSW2 L W3 SR 70115, DL SRR
Jiti A 2t % 21 AL 77 a2 7 AR N RS ) R B Ao v Bk
T AR AV K X AR T 2 v 4T P i, W2FL Ab B
[ 2T AL P A R R B

WI1F1l WIF2 WIF3 W2F1

W2F2 W2F3 W3F1

W3F2 W3F3 CK

JKIE AL Z  Water and fertilizer treatments

FiFab.c HFRIRE—FITE 0. 05 KV 257 B2 AR /NG 7R R840 1 2 8] 28 57 25 (P<<0. 05) , I [Rl/NG F* fF 20R8 22 7 R i 3%

(P>0.05), FKIR The letters a.b,c and said the same column significantly different at 0. 05 level,such as different lowercase letters

mean significant difference between treatments (P<Z0. 05) , the same lowercase letters indicate no significant difference (P>>0. 05), the

same below

B 1 AEKEALE =80

Fig.1 Effects of different water and fertilizer treatments on yield

2.4 KBMBEITHELDTER KR AREMNE
BHREF B R

ANTE] KRB &b BE O 2T AT B K R kR
GWUE) F1IE #H i £ 7 71 (PEP) 19 5% i) W &l 2,
FER XL A IWUE [ 52 W 35 21 #5835 K F (P<<
0.01),1Mixf PEP Jg ik % 25 % (P=>0. 05) ; jiii It Xf
¢4t iWUE By 5200 JC 5 2 1% K (P>>0. 05) , Xf
PFP ik #|# i 3 7K F- (P<C0. 01) 5 7K JE % A 2800
4T & iWUE fl PEP Y35 8] i 2 MK F, Xt
AH B — 7K 43 B IR [ 28 % 414 iWUE #1 PFP A
B IR BRI, K4 R iWUE B A 34 1, 1 i
JEXT PEP A B &8 5% i 5 {H 7K I8 32 B AE X iWUE
1 PFP ¥y W 2520, i — 25 30 WK IE RS 5 2000
Xof £ AL 0 R A DR 28 K 4 it A %o G A R

54k, iWUE 5 PFP {H 4> % A~ F 4. 53
kg e m *(W3F2)~8.17 kg « m *(WI1F3).4. 38
kg + kg ' (W3F3) ~16. 12 kg « kg ' (W2F1),
iWUE #1 PFP fx KE#% CK 2 5 5 29. 89% .
193. 41 %0 s AFEAE K E R iWUE £ B & E /K i
HhnFM Sy W1>W2>CK > W3, {7k 1t 7k b
P R 3 B B 17, 65% .17, 64 % , PFP Ul 3¢
PR W2>W3>W1>CK, #K | & 7K FE K Xt
R4 A B 55 35. 8890, 75. 41 % .37, 34 % 5 A [m) E
KK F $mie E & iWUE #l PFP 43 51| % 58 Hy
F1>F3>CK>F2,F1>F2>CK>F3, {it I fl 5
JE 4 B OiWUE {5 e CK 4> %] # 55 9. 38%.
3.18% , [Al i, K AE 0 rp BE 4 B PEFP {4t CK 4
MR 146.99% .17, 85% . Hy Al 1, H K AL
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Fig.2 Effects of different water and fertilizer treatments on irrigation water

use efficiency and partial factor productivity

3 ik

KRB PR 28 R 21 A KRN R B R,
SERMEY LG A AR R, i
A 250 BIE ST L T K K IR A2 AR X6 A B
LN B 1 WP e NS N T T B AT S O
0 0 65V FH B 25 I A B4 32 B S AL 3 B2
S o HE ) 6 405 38 U/ IS BT 4 DG P AL R B L 2
R AR 2 6 VR FH 20 7K 43 IR o TR) B i A<CFL G A
2 5 A ) I e PN 1 AR 5 A A 58 e, i
[ L i (0 S E N N W R 1) T
WL, 20% P, T,.G,.C; Z = PIH &, 208 F
3 b 4 ) L FF IR /D ok 3 By Ah SR L A A
FAALBRMI P 2 25 R 5 7 0 5 st a5 R
— 3, ARG K I, i B o AR KR ] 42
B R AT A i A R B AR
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Effects of Water and Fertilizer Coupling on Photosynthetic Characteristics,

Abstract

Growth and Yield of Red Jujube under Drip Irrigation Condition

BIAN Qingyong' , WANG Zhenhua'*,HU Jiashuai',
HE Xinlin'? and LI Chaoyang'

(1. College of Water Resources and Architectural Engineering, Shihezi University, Shihezi Xinjiang 832000, China;

2. Key Laboratory of Modern Water-saving Irrigation Corp,Shihezi University, Shihezi Xinjiang 832000, China)

In order to explore the suitable irrigation system of water and fertilizer under the condition

of changing flood irrigation into drip irrigation for jujube in the southern Xinjiang sandy area,used lo-

cal ‘Jun-jujube’ of the 8 years as test materials,and a complete experiment of water and nitrogen with

three levels each under drip irrigation was conducted in field. The results showed that irrigation had

significant effect at 0. 05 or 0. 01 level on photosynthetic characteristics,growth and irrigation applica-

tion use efficiency (iWUE) of jujube leaves, effect of fertilization on fertilizer partial productivity

(PFP) reached significance level (P<C0. 05),and coupling effects of water and fertilizer on photosyn-

thetic characteristics, growth,irrigation application use efficiency (iWUE) and fertilizer partial produc-

tivity (PFP) had reached significance level (P<C0. 05) or extremely significance level (P<C0.01). At
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the early growth stage of the new tip,adding water and fertilizer promoted the growth of jujude, and
middle-water and middle-fertilization treatment (W2F2) provided the optimum quantity of water and
nutrients at the middle growth stage. Net leaf photosynthetical rate (P, ), transpiration rate (T,),
stomatal conductance (G,) and intercellular CO, concentration (C,) and yield of W2F1 treatment were
at the maximum. The value of iWUE and PFP also reached higher level on the basis of the optimum.
Compared to CK,the P,,T,.G,,C; were increased 12.61%.,17.32%,8.89% and 10. 66 % respectively
under W2F1 treatment,and the yield,iWUE and PFP were increased 6. 77 % ,29. 89% and 193. 41%
respectively. To sum up,the research suggested that the feasible irrigation quota and fertilizer quanti-
ty were 820 mm(W2) and 200-100-150 kg » hm™*(F1) for irrigation system,and it would has a posi-
tive effect to improve the traditional agricultural methods in the southern Xinjiang sandy area.

Key words Water and fertilizer coupling; Southern Xinjiang sandy area;Jujube; Photosynthetic char-

acteristics; Yield
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