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Effects of water and fertilizer supply on physiology, growth and
yield of drip-irrigation jujube in the southern Xinjiang sandy area

BIAN Qing-yong', WANG Zhen-hua'?*, HU Jia-shuai', HE Xin-lin'*, LI Chao-yang'
(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)

Abstract: To explore the effects of supplying water and fertilizer on yield, physiology and growth of drip-irri-
gation jujube in the southern Xinjiang sandy area, “Jun-jujube of the 8 years” was used for field experiment. A
three-level-complete-treatment plot experiment of two factors of water and nitrogen under drip irrigation was conduc-
ted. Results showed that irrigation had significant ( P<0.05) or highly significant (P<0.01) effect on jujube leav-
es’ photosynthetic characteristics ( net photosynthetic rate ( Pn), transpiration rate ( 7r), stomatal conductance
(Gs) , intercellular CO, concentration ( Ci), water use efficiency (WUE), shoots diameter, length increment of
jujube and irrigation water use efficiency (iWUE). Water and fertilizer interaction had significant (P<0.05) or
highly significant (P<0.01) effect on photosynthetic characteristics, shoots diameter and length increment, yield
and irrigation application use efficiency (iWUE). Fertilization had no significant effect on the above indices (P>
0.05). Too high or too low irrigation level were unfavorable to photosynthesis, growth and yield increase of jujube.

Low fertilizer level could promote jujube’ s physiology and growth and increase jujube yield. Prn(8.94 pmol + m
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s'), Tr(3.86 mmol + m™> « s™'), Gs(0.49 wmol + m™ - s™'), Ci(707.41 pmol + m™ - s™") with W2F1
treatment were at the maximum value, which increased by 23.00% ,22.54% ,58.06% and 58.08% , respectively,
compared with the minimum value in all treatments; WUE value (2.56 pmol - mmol™) was the highest under
W3F3 treatment ; The maximum increment in shoots diameter and tip length was in W2F2 treatment (6.31 mm) and
W3F2 treatment (64 cm) , respectively, with an increase of 51.32% and 33.33% compared with minimum treat-
ment. A yield of 7 256 kg + hm™ under W2F1 treatment, which was 55.67% higher than the minimum yield of all
treatments. had the highest yield-increasing effect (33.14% ). Irrigation application use efficiency (iWUE) under
W1F3 treatment was at the maximum value, but showed no significant difference compared with W2F1 (P>0.05).
Pn was closely related to transpiration rate and stomatal conductance. The correlation between yield and diameter
increment of jujube was good. Diameter increment correlated with the jujube yield to some extent. According to the
results, the preliminary conclusion could be reached that irrigation of 820 mm and fertilizer of N —P,0, — K,0.:200
~ 100 — 150 kg + hm™*( W2F1 treatment) was the best water-fertilizer supply model saving water and fertilizer in the
southern Xinjiang sandy area.

Keywords; water and fertilizer supply; southern Xinjiang sandy area; drip-irrigation; jujube; physiology;

growth ; yield
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2% BIZERAT IO 20 cm Kb 4% A5 B — AR R HE T 78
AR FRAD AL 26 % 3k, T v it I Pl 7Kk I — 144k
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TR HE 7 S At A 0 il 21 R AR A T SR AR R Sk
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Fig.1 The planting patterns of jujube
x1 AFSEEFHEREE
Table 1  The irrigation system in the whole stages of jujube
U st 1] FKAL B/ mm JEAFR/ (kg - hm™2)  JEKKEK MR
EHBE L ) ) . L
Time Irrigation treatments  Fertilization treatments Irrigation Fertilization
Growth stage . .
(M-d) Wl W2 W3 F1 P F3 times times
B ZEHAS ) Germination-new shoots stage 04-30—06-20 70 110 150 90 180 270 1 1
163 Flower stage 06-21—07-20 160 200 240 120 240 360 2 2
BB KM Young fruit growth stage 07-21—08—-17 160 200 240 120 240 360 2 2
F1# Y] White-mature stage 08 -18—09-18 160 200 240 120 240 360 2 2
SEPY] Full ripen stage 09-19—10-30 70 110 150 1

143 “RFFIAF  LERBUG /N, A
A AEFRBEHLI 5 R, BSOS, B S B A WU
THAFE K 3 R R (IWUE kg - m™) | BV AEA
bR B R
1.4.4 373

E, = (Y, - YL>/YL[]4]
ALY, AR IK A Ab BRI RE RE AL B P (kg -
hm™);Y, J A% K 40 I JE BE &b B0 77 & (kg
-hm™?),

2 RS0

2.1 K RBHE R X AL A IR R AR B RS
2 2 JEAN[A 7K N A BT AT A Rl R
(Pn) ZEREHAR(Tr) AL (Gs) JEE] CO,

(Ci) FK 53 R FBCR (WUE) B, Herp koot
LIRM B P Tr . Gs . Ci Fl WUE 50 2435 24 5. 2%
IKFE(P<0.01) 3 Jits AEXF L& R Pn Tr. Gs, Ci I
WUE B0 A 8.3 (P>0.05) 5 /K B A2 B A FH 2T
HIF Pn Tr . Gs £l WUE 53k EI 0 . 3 K (P<
0.01) , % Ci BYFEAIA 2 (P<0.05) 7K,

% 2 AT LUE 1 ANEZKAEALEE Pr Tr Gs F1 Ci
ST 7.26 ~8.94 wmol + m™* - 7' 3.15~3.86
mmol + m™? + s7'.0.31 ~0.49 wmol - m? « s
447.50~710.00 pmol + m™ - s7' Z[A], Pn Tr . Gs Ci
BORMH HBLTE W2F1 4b B (G e REAL B S W2F1
WEPRTC W EVE2E S ) B /ME T RAE WIFL 23 {5
Ci fe/METE WIF3 b3 %403 Pn Tr . Gs 1 Ci fi%
KA FE e/ MBS 4% 15 23.00% . 22.54% . 58.06% il
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58.08%, ULHHLLANF Pn Tr Gs . Ci [8)45 % %Y1K
M A BB i AL S B A T OR D ke 5 ol
LIREOLE A M HE R, KK TR %R,
WUE fx KAH H BLAE W3F3 4L B, 5 W2F1 &b 3
W, P Tr Gs A1 Ci B B, {2 WUE J2 Ifif 3 Jin
T 10.82% , 168 W2F1 4b B 5 AR REAS 248 = /K F /Y
A R AZR I T %, 7K 4 A FH AR S5 K AE A

WAE W3F3 b3 fERIA Al LLE Y, 208 Pn
Tr Gs F Ci BEREWE = 095 MR . W2>W3>W1;
ST WUE 290 . W3>W1>W2 ;34 hiiti i &, 214
MR P Tr Gs Al Ci Z 8] 25 5 880/0N AN [a) it A 7K~
AR B B FIKFE(P>0.05) , P HATE K R & X 40 4 1Y
AR R Fr 7K o3 1 FH SR A5 e KTt e

R2 AREKEAERLFM F & EERIK D7 AR

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

R AL A b 2 Pn/ Tr/ Gs/ Ci/ WUE/
Irrigation treatments  Fertilization treatments (wmol + m™ = s™) (mmol * m™ +s™") (pwmol + m™2 - s™) (wmol + m™2 - s™')  (pmol - mmol™")
F1 7.26+0.07f 3.15+0.055b 0.31+0.011¢ 447.50+2.78f 2.31+0.100c
W1 F2 7.82+0.12¢ 3.17+0.015b 0.33+0.015¢ 519.89+3.38e 2.47+0.031b
F3 7.73+£0.04e 3.19+0.045b 0.35+0.10c¢ 365.07+5.11¢g 2.42+0.035b
F1 8.93+0.03a 3.86+0.010a 0.49+0.015a 707.41+4.48a 2.31+0.026¢
w2 F2 8.34+0.08cd 3.68+0.021a 0.47+0.037ab 639.25+3.45h 2.26+0.009¢
F3 8.43+0.03¢ 3.76+0.020a 0.45+0.015b 710.42+2.79a 2.24+0.153¢
F1 8.24+0.05d 3.27+0.057b 0.35+0.015¢ 631.01+2.52b 2.52+0.006ab
W3 F2 8.67+0.13b 3.40+0.059b 0.36+0.016¢ 592.06+2.04c 2.55+0.042ab
F3 8.41+0.09¢d 3.28+0.049b 0.44+0.032b 536.53+1.44d 2.56+0.031a
EMESHT (F (EREE) Significance test ( F value analysis)
W (7% Irrigation ) 10.346 " 63.199 " * 13.897 " * 13.434* " 19.949 " *
F (il Fertilization ) 0.39 0.1 0.152 0.165 0.311
WxF 77.549 " " 10.517* " 10.597 " * 1251.19° 24.602"

B I bR 22 R R FEERIR Al —F17E P<0.05 /K225 B3, « FIRTE P<0.05 KT B3, + « RIRIE P<0.01 KFEH

2¥E. T,

Note : Data is mean standard error, different letters in each column indicate significant difference between treatments( P<0.05) , * and * * repre-

sent P<0.05 significant and P<0.01 significant respectively, the same as following.

2.2 FKABE R X i LT F A K I ARRI R
P 2 SRS [] 7 B A B 21 SR A2 188 T e AR K
Bahni e, o] LUE KON 2D RS AR B i
BRI 5  3K 31 5 2 /K (P<0.05 ), X 21 JEAS 1 3 in
[FRE K 3 5 3 K - (P<0.05) | it A Xof 2T A A 1 14
i AR AR I AN B35 (P>0.05) 5 KB HAE
FHGT 2T A 18 o i FRS A2 398 0 3k B4 25K
- (P<0.01) .

WA 2a FtzR , ASR]K HE b B A 21 A RS A2 38 hn
TE4.17 ~6.31 mm, i RMH R W2F2 AbBE, Hf/IMA

71 wWo306 a
F0.039 b
6 WXF154.465"

RS 4% 38 i1 H/mm

Shoots diameter increment
w

WIF1 WIF2 WIF3W2F1 W2F2 W2F3 W3F1 W3F2 W3F3
4b ¥ Treatments

B2 AEKIBAEILIFHFIGMEBFEKIGMER RN

Effects of different water and fertilizer treatments on shoots diameter and length increment of jujube

Fig.2
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R 2b FF s, AS ] 7K HE A B 21 A K 38
1 48 ~64 cm, W3F2 AL PR K, Hds/MA W1F1 40
PRPER 33.33% , WS RIS IR 5 A A R i i AR fk
FRUAARARL, 25 T 7 S (%) 38 D T 28 i AR K, SRR
W3>W2>W1,; W3 Jifi i fY 21 A R 8 e Wil
W2 43 9 84 18. 75% . 5. 56% ( F1), 25.49% .
10.34% (¥2) ,11.32% .5.36% (F3) ; 76 W1 #E % K F
T AR RN, A B I R F3S>F2>F L A
W2 W3 MR A T REBA  F2>F3>F1, Ui A
THEE 7K ST P it A S X6 1 SRS 388 i %) g 1o, A [
P U5 B K PR 250 2 A 1 o 14 5 i R 1
AL
2.3 KB XL EFEFEB KT AREN

=AU

AN ] 7K R Ak B X 21 2 7= 2 AR B 7K 43 1) 3%
RRZMULER 3, MR, HE KON 207 7 £ 1) 5%
i) A i 2 (P>0.05) , o 78 I 7K R R 3 B 52 1) 1k 2]
W B E (P<0.01, F=11.32) , Jifi JE X 21 4 7= 1 ik
IR HECR R A B3 (P>0.05, F =0.409, P>

0.05,F=0.17) , 7K AEAE A FH X 21 48 7= i I kK
I AR 52 38 B MY .3 (P<0.01) /K-
MR 3 T LUE AN F KRR FELT A 7= 5 4 661

~7 256 kg - hm™, fg RAH A W2F1 AL 2R, Hedw/IME
WIF2 AbBRHE ) 55.67% , Bl HE /K B3N, 41 4 7=
R W2>WI>W3, W2 KR W1, W3 435
PETR 24.18% ,24.82% ; Fifi it AL 1 () 44 /& , 41 A b 3R
BN F1>F3>F2, F1 A AR e F3F2 43 53
7.12% 10.93% , #EWEK 53 K HI B3R TE W1F3 4B
T (8.17 kg - m™) ,{H5 W2F1 &b F G 3 ¢
ZE5E(P>0.05) 5 38773000 B T N[5 K B Ak B AH L
FAR KA Yy 384 7= 34 5, v DL, WIF2  W3F2
W3F3 Ab BR800 R A, W2F1 AL 3 3 7 3%
N B E R 33.14% , ILas R 5 P g AR A
BEURRR AN 3G I K Bl A o 35K B i 5 4 e 4

&, A KBS AR Ik B R A 308 A B4
LI AR AT, W2F 1 A AR
U, HEAR BT K A B AR B
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Table 3 Effects of different water and fertilizer treatments on yield and irrigation water use efficiency

HEK AL b

Inigaﬁjlk&i?ments Fertilijﬁ?ﬂ%}ﬁiﬁtmenls ¥/ (kg + hm™) iWUE/ (kg * m™) Ev%

F1 5450+104.58d 7.57+0.15b —
W1 F2 4661+85.58¢ 6.47+0.12¢ -14.48

F3 5879+84.79¢ 8.17+0.25a 7.87
F1 7256+125.79a 7.87+0.14ab 33.14

w2 F2 6803+84.89b 7.38+0.19b 24.83

F3 5799+55.65¢ 6.29+0.16¢ 6.4

F1 5603+89.81cd 5.19+0.15d 2.81
W3 F2 4894+95.73e 4.53+0.14e -10.2
F3 5414+105.23d 5.01+0.21d -0.66

SEESHT (F (EREE) Significance test (F value analysis)

W (J# % Trrigation )
F (il Fertilization )

WxF 78.009 "

11.32* " /
0.17 /
155.822" ~ /
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Fig.3 Correlation between net photosynthetic rate of jujube leaves and other physiological growth indexes
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Fig.4 Correlation between jujube yield and other physiological growth indexes
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