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Comprehensive Regulation of Water and Fertilizer Coupling Based on
Multi-index Collaboration of Strawberry
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(1. College of Horticulture, Northwest A&F University, Yangling, Shaanxi 712100, China
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Abstract; In order to explore the optimal combination of water and fertilizer for strawberry, nine
treatments were set from three levels of irrigation and fertilizer, and the effects of different water and
fertilizer coupling on yield, fruit quality, water and fertilizer utilization efficiency of strawberry were
analyzed. The analytic hierarchy process (AHP) and entropy weighted multilayer empowerment on nine
indexes from three kinds of factors were introduced, combination method which derive from game theory
was used to obtain the single final target weight, the comprehensive growth evaluation system for
strawberry based on TOPSIS method was constructed, and mathematical fertilizer response model was
established with the goal of achieve high yield, high quality and high efficiency. The results showed that
the effect of water and fertilizer coupling on the weight of fruit per unit area, yield, water use efficiency
and fertilizer use efficiency of strawberry was very significant, but not on the quality. The single fruit
weight of strawberry was the highest under medium-water and high-fertilizer irrigation. The strawberry
yield and soluble sugar were the best under medium-water and medium-fertilizer irrigation. The
strawberry had the best sugar-acid ratio and soluble protein content under low-water and high-fertilizer
irrigation. The soluble solids content and fertilizer utilization efficiency of strawberry were the best under
low-water and medium-fertilizer irrigation. The vitamin C content of strawberry was the highest under low-
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water and low-fertilizer irrigation. The strawberry had the highest water use efficiency under low-water

and medium-fertilizer irrigation. Comprehensively coordinated the various indicators, the highest weighted

value was yield (0.264 1) and the lowest was soluble protein content (0.059 5) ; the comprehensive

evaluation of multiple indicators for optimal water and fertilizer treatment was medium-water and medium-

fertilizer (T5). Analyzing the response model of strawberry comprehensive growth to the coupling of water

and fertilizer, the single-factor effects of irrigation amount and fertilization amount were parabola opening

downward. When the irrigation amount code value was —0.23 (2375. 1 m’/hm’) , the fertilizer amount

code value was —0.02. (1 825.88 kg/hm’), the strawberry comprehensive score was the highest.

Dividing the optimal closed loop interval of water and fertilizer coupling based on a comprehensive

evaluation of more than 90% , the irrigation amount of 2 268 ~2 520 m’/hm’, and the fertilization amount
of 1759. 88 ~ 1 869. 87 kg/hm” were the most beneficial to strawberry growth.
Key words: strawberry; water and fertilizer coupling; yield; quality; water and fertilizer utilization;

comprehensive growth model
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Tab.1 Test factor coding and test design
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T6 w3 1890( -1)
T7 W1 3150(1)
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T9 w3 1890( -1)
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Tab.2 Various indexes of strawberry under different water and fertilizer treatments

VR VA B Y A c s A VR AR

bl i BERR LL g R/ N
g (kg+hm™2) Y/ %  (mg-(100g) ~') B EYL)
(mg-g™") (mgg™)  (kgm™)
Wi 11.90 £0.23 18228.45+705 7.110.17 5.180.45 8.94+0.12 156.44+6.64 0.392£0.020 6.00£0.23 11.91 +0.23
w2 11.60 £0.15 17076.97 +885 7.350.21 5.55+0.37 9.29+0.10 167.86+4.47 0.412£0.016 6.78 £0.35 12.89 +0.62
w3 10.65 £0.33  14487.86 +445 7.080.20 5.23+0.46 9.46+0.23 183.92+11.42 0.388+0.021 7.44+0.27 13.9420.18
F1 11.65+0.16  16581.43 £525 6.4920.11 4.76£0.66 9.31 +0.23 149.38 +10.39 0.362+0.020 6.58 +0.37 12.17 +0.38
F2 12.07 £0.27  18244.65+975 7.49+0.20 5.53+0.36 10.07£0.14 167.39 £6.00 0.378 +0.028 7.39+0.24 13.98 +0.43
F3 10.49 £0.41  14967.07 +540 7.56 +0.26 5.67 =0.81 8.31+0.08 191.44+6.14  0.451 £0.009 6.26+0.24 12.59 +0.22
0 EMERL (F)

KIS 37.946 60. 961 ** 4.531°" 1. 480 16.347 ** 18. 186 ** 2.863 43177 49.890 **
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Effect of water and fertilizer coupling on yield
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Fig.2 Effect of water and fertilizer coupling on fruit quality
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Fig.3 Effect of water and fertilizer coupling on water

fertilizer utilization efficiency
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Fig.4 Comprehensive growth index hierarchical model of strawberry
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Tab.3 Results of AHP analytic hierarchy process
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Tab.4 Weight of single indicator based on entropy method

£zt Ch Cy Cy Cy

C23 C24 C25 C}l C?Z
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Tab.5 Weight of single strawberry indicator based on game theory

b5 Cy Ch Gy Cyp

C23 C24 CZS C3l C32

HLE 0.169 5 0.264 1 0.0910 0.082 5

0.070 7 0.071 4 0. 059 5 0.090 9 0. 100 5
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Tab.6 Strawberry comprehensive index and its rank based on TOPSIS

ALI\IE C]I C]Z C2l CZZ 623 CZ4 CZS C}l C32 D* D~ Ci ‘HI:J_?
Tl 0.1134 0.1288 0.0973 0.0963 0.1108 0.0929 0.0981 0.1007 0.0903 0.0251 0.0244 0.4927 5
T2 0.1241 0.1066 0.1012 0.1011 0.1116 0.1004 0.1052 0.1042 0.1045 0.0230 0.0181 0.4405 7
T3 0.1032 0.0976 0.1026 0.0988 0.1140 0.1026 0.1010 0.1203 0.1194 0.0247 0.0154 0.3836 9
T4 0.1237 0.1285 0.1162 0.1095 0.1172 0.1035 0.1065 0.1016 0.1147 0.0170 0.0284 0.6255 2
TS 0.1166 0.1289 0.1207 0.1192 0.1216 0.1125 0.1093 0.1259 0.1192 0.0106 0.0308 0.7442 1
T6 0.1124 0.1090 0.1109 0.1150 0.1248 0.1156 0.1015 0.1378 0.1268 0.0154 0.0257 0.6248 3
T7 0.1110 0.1088 0.1164 0.1163 0.0951 0.1134 0.1241 0.0946 0.1025 0.0221 0.0187 0.4586 6
™™ 0.1000 0.1075 0.1195 0.1252 0.1023 0.1196 0.1310 0.1050 0.1090 0.0203 0.0206 0.5026 4
9 0.0956 0.0843 0.1152 0.1185 0.1027 0.1395 0.1233 0.1099 0.1136 0.0282 0.0185 0.3965 8
S* 0.1241 0.1289 0.1207 0.1252 0.1248 0.1395 0.1310 0.1378 0.1268
S™ 0.0956 0.0843 0.0973 0.093 0.0951 0.0929 0.0981 0.0946 0.0903

TE S N BARSE S - N BHAE A D A AL BRG BAR R (YRR RS D - DA b B S 0 BRAR AR I B

2.5 EHESAEKAKIERESE RS
MR R I 25 G AR R PP A3 AT — o0 ik [ml A
PUAF B R AR LR G AR RIT A (V) 5 HE K & S i (E
(X)) JH AL 2w A (X, ) B9 [T A oy
Y=1.2027 +0.015 6X, —0. 003 6X, —0. 032 8X> —
0.105 1X; —0.002 5X, X, (3)
XPEE T B AT B E YRR I M OC R R =
0.9804 REZRB R =0.978 9, UG HEHE, F =
37.0842,P =0.0019 <0.01, BB ERKH T
B S 27K TR A 57 Y [l P AR AT &
2.5.1 JKAEERPR RN
h T R R R AR LR A A KR
M), XF N7 9 — o0 YR RSB AR R4 T e 4 b HE, 7551
WK (Y, FGEAE &L (Y, ) By R 2 7 e
Y, =1.2027 +0.0156X, -0.0328X>  (4)
Y,=1.2027 -0.003 6X, -0.1051X;  (5)
HH L 5 FT LU 1, W 7K et i JIES 5 % B4 1Y) 2%
B VET IR Y TF 1 1 T 2, AR LR
TE43 BEVE 7K St al it I £ (%) 385 0 2 30 56 34 5 a1
AT HR I B DAL N, BV K e A e o —
(30 B PR AR 218 N 25 5 PP 43 R os S IT Be i i 95
Bl K B I I 2R G A KPP AR R T BT 22
Wi 25 it I P8 o = A b AR 2R A AR Ak, U B X it
JIE 2t () A AR B IRk
2.5.2 KA HAEA
FRFZE G AR KA P AL Al A VR
SO, R AT A N [ AR A A T A s %
R 25 A A KR AR AR RN B = 4 S R
(El6), WRIGEIE AT IR, 8B 1F5 Y B
N 1.204 5 B, X, o8 —0.23 X, 4 -0.02, BIEK
423751 m’/hm’® AR 4 1 825. 88 kg/hm’,
M 6 AT, LAZEG P53 e A 1Y 90% %] 437K

1227
120+
iR»- L.18f
4'*1 1.161
% 1.14f
IREIa
./
L1of . . . N
-10 -05 0 0.5 1.0
Ertaticy
5 BRI N RRRLE A 1T R ith 2k

Fig.5 Effect curve of single factor on comprehensive

growth score of strawberry

1.20
1.18
1.16
N 1.14
RN 112
L ‘%“““““‘%\‘\\“' 1.10

% 6““ ‘\“\\ \\\\ QI
RN 1.08

“‘\‘\\\‘\\\\\‘\\
‘\‘\‘\\ - 1.06
¢ ‘\ ;‘Q,\

1.04
1.02
1.00

0.8F "‘\i\
0.6} N
04y __—

021~
<4 CTO))
—0.2 S/

04 — T

_0.6,

~0.8F— - - _—
1.0 =06 —6.2X 02 06 10

Ko KRG X FRRLR G A K M
Fig. 6  Effect of water and fertilizer coupling on

comprehensive growth of strawberry

JEHE B P DI, b P A DX 3 s B0 7 P G /K K
-5 R A AR A, PR RO AR 7 A K
G AL DX 8] 43 51 R E K A 2 268 ~2 520 m®/hm’ jifi
HEHTE 1 759. 88 ~ 1 869. 87 kg/hm* Z [] , I /K B [X.



274 P

1/ 1 R O S ¢

2020 4F

o

] 5 R S B 7 e o
3 itig

it PN AT B A KRR R, A BEFT R4 AR K AR
(EBLIP = o AL P U N (B M N i i N WO B L
BRI ROV A TR] 3 W K AT DA o R e
iR R M2 AR KAy T B E T AR B RS
(87 FH AL ST A P o, (ER SR S S R
ST BT BT 3 Y B AT LA K 43 T
FE, BRI S0 7K 3 i WAL, 5 S0R R A FH D 557 , 21
ST T AN AT g R, R K RN
20% I}, K 5 FE 43 HE K 1 50% W] LA S 4 5
IR RIS ABIE G IR A5 AR K HE R ]
DA o BT 4t 0T, AR A ) T 4 o B R K
S FIFECE.

VY3 S SOK 43 F0E R0 TR A 28 B AR
T YR R R R T DR AR R R E L
KRR - S B o e AR, IDRFE 2 B W ORI
A RN B PR AR R )RR 3 o e R
JIES AT LA v e 11 7=, ok ) 6 0 R 1) R
A AT A B RRBE I | R b
FP=RRR A ) SRR AN LA & | A B i
Jita R T LA g e 1 e e RN R S R 1 T A M [
Yy, i B S EOE R R RN Y AR AT A R
B v VR JOR 5 R = i A B R AV mT LA
153 F A SRS B+ S R TR A A A ) 50 3 )
ARRCR, ST A B E5 e AL,

A BB 7K AE B AT DA i = [ e AL 7K
T AR 50 A 5 3 T A 4 UK Y 80% il AT
Iy BT 80% H.AFE R AT L) 5 2 4% 1Y 7= i F0 3 57
AT FEVE A R U I T 1 18 e 4R T
BERT ARG AR 2295 7%, B8 AR R A% IR A v L i
AINIK A3 R o VW 1) 5 e TR) R 8 280 3R R 2
R IV K R AR 3 A AR A RN, T4
UE T AR50 10 25 18— HE 250 Hok Hp R A 78 Tk
Jita AR e A R F AR AR K

REFOTHEREKNEFE S RIS, B B X 3 —
8 A5 8 B LA 46 A F AT 35 0 B % W Y F
Pl OARSON T I B A A R A FR AR b AT
TEM, LA™ e b BT = %0 B A, i AHP 01
WA IRAS 6 W2 R 35 1 R R0 1Y 43 2 21 A TRAR
34T TOPSIS PEM, 15 1 BLag i 25 B A K VT o0 e i

R

KRB LA S ok RS, i i AT H K i e
AL 5 R LR A AR AR R A9 o0 IR IR O A
Yt J A B K R ANEAC 5 AR Y 2R B AR K AR FR Y
SEIF T B R IE 5 & | 2 A B A R I 2 R it
FE AR 3 T R g O 25 A AR b 1 BT i ek v
#OSRIAGEE B A SR
P AR AR R KT A R £ 25 O ER A -
BEIER S A AR DL

TG B0 R TR /I 5 it SR AR A I A IR 3R
Xof B 1 7 o SR S it S AR T R P 2043 1 B i 3
TR, AR BRIt B e UK NEZH & AN ], 7 206
B WHEARER B HEATFIW, HUAS [R] 4 7K N T 08 A
SRR 3 NI R4 | 2510052 WA 25 5 AL K
PO AR SR A N /NG i SRR AR AR
N A % i Z i — 5T

4 #ig

(1) K MR A A I R 114 7 12 A K BE A1) HT 2%
RS T bR Y R 2, o SRS B G i S R
BN K 2 AT DR v AR A BALSR T A R i e
MK AR T m E R R R Y & A
R C & MoK BRI R, h & E KA R 5
R AT ERE O IR EUOR AT VA R TR e Y 4R
Fh 5 BARME AL 5 7] LABRE T BORE A 5T B K 43 1 R
KA A T S AR SRR BT
FAEARLFHRCR

(2) FIA RO HTE B RGEXT 3 KHEEK 9 A4
FEPRIEAT 2 2 MRAL , 32 FH 2L T 2R 8 /0 41 & AT
AT L —F5 bR 09 e AR, WA S & o 7
(0.264 1) , B AR Al P PE A 1 BT & 5 (0.059 5)
HRAE TOPSIS ¥5 ST AR 25 A AR KA IR &R, 15 )
WA B B G A B R K IS (TS)

(3) 3 A g 57 FERE 25 A KX K R B fg g
PREARUA | VK o S A o PP X A SR R A K
R RN 25 52 O 11 ) R 4 2% KRB 22 B A R S i)
o MK HSE AN -0.23(2375.1 m*/hm*) |
it AE e A RS {8 R — 0. 02 (1 825. 88 kg/hm?) I, £
RIS B, LSS 1A B RAE Y 90% H) 43 7K
JERE G AT X (], 75 58] dpe A2 3 7K R i A 1XC 6] 43~ 531) Ay
HEK B 2 268 ~2 520 m*/hm® i B 5 1 759. 88 ~
1 869. 87 kg/hm” , L p= it SR 0 it A S /K AR A
R PR AR

2 % x #t

(1] RbEx,wfar, 2kem, 5. ENAAR AR BUIR S & R H )], JbatRol B0 2B 4z, 2016,30(2) :21 - 26.
WU Xiaoyun, GAO Zhaoquan, LI Zhigiang, et al. Present situation & trend of strawberry cultivation in China and abroad[J].
Journal of Beijing Vocational College of Agriculture, 2016,30(2) :21 —26. (in Chinese)



28 SR A BET 2R bR MR A FAE K ALAR & 25 PR 275

(2]

(3]
(4]
(5]

(6]

(7]

(8]

(9]

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

(21]

[22]

ZHANG Y, WANG G, DONG J, et al. The current progress in strawberry breeding in China[ J]. Acta Horticulturae, 2017,
1156.7 - 12.
FHL 27, RV, A, 568 L AR A B R [ 1] RO BHE IR, 2018(2) 2216 - 217.
EABFN. B AR B R R R[] AR R 2008 (11) 121 - 22.
AT VNS, ikl 2. K AE — R AR m KRR BRI S RE[T] . TR0 2742, 2017 ,33(2) :469 - 475.
LI Chuanzhe, XU Xianju, MA Hongbo, et al. Research advances in fertigation technology improving water and fertilizer use
efficiency [ J]. Jiangsu Agricultural Sciences,2017,33(2) :469 —475. (in Chinese)
e IRk R, K IERES SOV R BUR SRS 1] ROl AR ,2011,40(10) 120 - 23.
PAN Xiaoying, WU Jicheng. Current situation and prospects of water and fertilizer coupling effects [ J]. Journal of Henan
Agricultural Sciences,2011,40(10) ;20 —23. (in Chinese)
SPUEE e, 2R AE. BRI — R S R R AT [ ] T KTENR ,2019(2) 1121 — 124,
WU Xianbing, BAT Meijian, LI Yinong, et al. Research summary about the technology of fertigation for vegetables [ J]. Water
Saving Irrigation,2019(2) ;121 - 124. (in Chinese)
FL I, 2 R | 25 R KA R 78 A7 e 2 SRR 1], T A RS, 2015,33.(3) -
10 - 17.
DU Qingjie, LI Jianming, PAN Tonghua, et al. The compound effects of water and fertilizer on yield and quality of tomato under
drip irrigation[ J]. Agricultural Research in the Arid Areas,2015,33(3):10 —17. (in Chinese)
TRFIH], RFE, B 45 K — R AN X R 7 e 5 BTS2 R [ )] VLB SR ,2019(6) 169 - 72.
XU Lili, CHEN Jue, LU Xuezhen, et al. Effects of integration of water and fertilizer on yield and quality of strawberry[J].
Journal of Changjiang Vegetables,2019(6) :69 —72. (in Chinese)
WEBER N, ZUPANC V, JAKOPIC J, et al. Influence of deficit irrigation on strawberry ( Fragaria x ananassa Duch. ) fruit
quality[ J]. Journal of the Science of Food and Agriculture, 2017, 97(3) :847 —857.
LETOURNEAU G, CARON J. Iirigation management scale and water application method to improve yield and water
productivity of field-grown strawberry[ J]. Agronomy,2019,9(6) :286 —303.
FH LT, e, S B KAERE G X A BRI 7 R ORI SCR AR [ )] PR bRk AE 4, 2015,
24(1).103 - 108.
WANG Fu, CUI Ningbo, WANG Long, et al. Coupling effects between water and fertilizer at seedling stage on photosynthetic
characters, yield and irrigation water use efficiency in strawberry[ J ]. Acta Agriculturae Boreali-occidentalis Sinica, 2015,
24(1):103 —108. (in Chinese)
W 00, EARFE A5 KB & X B R AR A S 7 Bl T B K R SR B [ 9] IR R 2727 4l ( F AR
220R) ,2011,42(3) ;369 - 375.
SUI Yan, FENG Zhiwen, WANG Cuiling, et al. Effects of water and fertilizer coupling on growth, yield and quality and water
use efficiency of strawberry in greenhouse[ J]. Journal of Shandong Agricultural University ( Natural Science Edition) ,2011,
42(3) :369 —375. (in Chinese)
#/DRE, ML, IR, A5 0 AR 7K R 45 X R R S B R e s [0 ] e AR AR RO 2 4R, 2018,26 (5)
657 —667.
DONG Shaokang, GAO Fan, GUO Jiaxuan, et al. Effects of water and nitrogen coupling on strawberry yield and quality under
partial root-zone irrigation[ J]. Chinese Journal of Eco-Agriculture,2018,26(5) :657 —667. (in Chinese)
S I, R ERN , 4. FALE A E IR TS A E A KB AE R ARz [ T ], Al T4z ,2014,30(7) - 119 - 127.
WU Xue, WANG Kunyuan, NIU Xiaoli. Construction of comprehensive nutritional quality index for tomato and its response to
water and fertilizer supply[ J]. Transactions of the CSAE,2014,30(7) :119 —=127. (in Chinese)
IR, & T A RS A HUE I BRSBTS A AU KRG R L[ 1] . P ARl K A4
e ( AZRBLERR) ,2019,47(6) :63 - 72.
MA Lele, GAO Ning, YANG Bailiang, et al. Construction of integrated quality index of tomato with total organic nutrition and
its response to organic fertilizer and water coupling[ J]. Journal of Northwest A&F University ( Natural Science Edition) ,2019,
47(6) :63 =72. (in Chinese)
RSO, HE T2 o ik B MV 95 BT [ ] PHAL R A2 (P 244 B 10) ,2009,39(4) <116 - 118.
ZHANG Wenyao. University financial performance evaluation analysis based on AHP[J]. Journal of Northwest University
(Philosophy and Social Sciences Edition) ,2009,39(4) :116 —118. (in Chinese)
REERT, 9B M DRI, A5, IR ANt TOPSIS BEALTAN Al REAR A IR A0 [ 1] ARl T2 41,2017,
33(1).:238 -249.
XIN Guixin, YANG Chaoxian, YANG Qingyuan, et al. Evaluation of post-construction effects of high standard basic farmland
with entropy weight method and improved TOPSIS model [ J]. Transactions of the CSAE,2017,33 (1):238 -249. (in
Chinese)
Pase, DU, 5KF A T HIZRIRAAL TOPSIS AR ARZ AR IR KBS PEAT [T ]. 6™, 2019,28 (HE T 1) ;297 -303.
YANG Sheng, JIA Chao, ZHANG Feng, et al. Risk evaluation of coal floor water inrush based on game theory and variable
weight TOPSIS model[ J]. China Mining Magazine,2019,28 ( Supp. 1) :297 —303. (in Chinese)
B XA, G, 4. ST HZRE AL AL TOPSIS ML R BRI BRI 1], A ey 5 TAR ,2018,9(2) .70 - 74.
ZHAO Kui, LIU Weifa, ZENG Peng, et al. Optimization of structural parameters of deep stope based on combination weighting
game theory[ J]. Nonferrous Metals Science and Engineering,2018,9(2) :70 —=74. (in Chinese)
EYE KEA R, A5 AT AL AR H OB % BT B 5 Bk AR A e [ 1] R A ARO
2008,16(6) ;1375 - 1383.
WANG Liying, ZHANG Yancai, ZHAI Caixia,et al. Effect of balanced fertilization on yield and quality of sunlight greenhouse
cucumber and soil characteristics under continuous cropping[ J]. Chinese Journal of Eco-Agriculture,2008,16(6) ;1375 -
1383. (in Chinese)
Tl BN, LR SF. HOGIRE VARG AT R BT SR [ )] FEBEHE K 7412, 2006,25(6) <11 - 14.



276 2 A IR A S 2020 4
WANG Jian, CAI Huanjie, LI Hongxing. Study and evaluation of the calculation methods of reference crop evapotranspiration
in solar-heated greenhouse[ J]. Journal of Irrigation and Drainage,2006,25(6) ;11 —14. (in Chinese)

[23] LOZANO D, RUIZ N, GAVILAN P. Consumptive water use and irrigation performance of strawberries[ J ]. Agricultural Water
Management, 2016, 169 .44 -51.

[24] 2R WS, T6L, 55 AOAE IR BCHEA HLAE X e 6 5 T R 37 3 M S R A R RS2 [ )] 1 m Aol sy 2
#2,2019,42(1) ;118 - 123.

LI Xiaoliang, HU Litao, WANG Hong, et al. Effects of combination of chemical fertilizer reduction with organic manure on
nutrient uptake and nitrogen utilization efficiency of summer maize in Northern Anhui Province [ J]. Journal of Nanjing
Agricultural University,2019,42(1) ;118 —123. (in Chinese)

[25] ZENG S Z, CHEN S M, FAN K Y. Interval-valued intuitionistic fuzzy multiple attribute decision making based on nonlinear
programming methodology and TOPSIS method[ J ]. Information Sciences,2020,506:424 —442.

[26]  JrFRME, BEAR, 2= X, A, WESIANIRIZK S b B R A A6 2 o (BRI S [ ) ] SRA27412,2016,33(12) 1523 - 1531,
WAN Chunyan, MI Lin, LI Jinfeng, et al. Effect of different water treatments at seedling stage on flower bud differentiation
and prematurity of strawberry[ J]. Journal of Fruit Science,2016,33(12) ;1523 —1531. (in Chinese)

[27] ADAK N, GUBBUK H, TETIK N. Yield, quality and biochemical properties of various strawberry cultivars under water stress
[J]. Journal of the Science of Food and Agriculture, 2017, 98(1) :304 —311.

[28] MITCHELL J P, SHENNAN C, GRATTAN S R, et al. Tomato fruit yield and quality under water deficit and salinity[ J].
Journal of the American Society for Horticultural Science, 1991, 116(2) . 215 -221.

[29] GUICHARD S, GARY C, LONGUENESSE J, et al. Water fluxes and growth of greenhouse tomato fruits under summer
conditions[ J]. Acta Horticulturae, 1999, 507 . 223 —230.

[30] LIU F, SAVIC S, JENSEN C R, et al. Water relations and yield of lysimeter-grown strawberries under limited irrigation[ J].
Scientia Horticulturae ( Amsterdam) , 2007, 111(2) ;128 - 132.

[31] JRSEde, sk, 70, 55, KL T 7 i 7 ik il o /K S ) T 280 25 s T R R K R A At [ ). AROlk TR 2741, 2015,
31(HETI) 110 - 121.

XING Yingying, ZHANG Fucang, WU Lifeng, et al. Determination of optimal amount of irrigation and fertilizer under drip
fertigated system based on tomato yield, quality, water and fertilizer use efficiency[ J]. Transactions of the CSAE,2015,
31(Supp.1):110 =121. (in Chinese)

[32] YUAN B Z, SUN J, NISHIYAMA S. Effect of drip irrigation on strawberry growth and yield inside a plastic greenhouse[ J].
Biosystems Engineering, 2004, 87(2) ;237 —245.

[33] TATROU M, PAPADOPOULOS A. Influence of nitrogen nutrition on yield and growth of an everbearing strawberry cultivar( cv.
Evie 11 )[J]. Journal of Plant Nutrition,2016,39(11) :1499 —1505.

[34]  FRULYE, ZEWAHT, BRPSIR , 3. RRIAFE KT T AR RKARBUITFE [ ], FramRol B4 ,2017,54 (1) 104 - 109.

ZHENG Hongbo, LI Yali, GENG Qinglong, et al. Strawberry growth under different nitrogen levels[ J]. Xinjiang Agricultural
Sciences,2017,54(1) :104 —109. (in Chinese)

[35] #Hade Wik WK, 55 & 3t A BESIE XS HOGIR % Riag = s iz m [ )], 4Ol & 534 ,2018(10) :136 - 137.

[36] B, sk 6, skake, 45, WL MR AL RS & f ilh 2 IR e B AR R [T A0l TR #41,2014,30(21) 70 -~ 80.
XING Yingying,ZHANG Fucang, ZHANG Yan, et al. Irrigation and fertilization coupling of drip irrigation under plastic film
promotes tomato’s nutrient uptake and growth[ J]. Transactions of the CSAE,2014,30(21) ;70 —80. (iin Chinese)

[37] SINGH S, SINGH N P, SHARDA R, et al. Response of irrigation, fertigation and mulching on plant growth and fruit yield of
strawberry[ J]. Indian Journal of Horticulture,2019,76(2) ;223 —240.

[38] BN, S AA, E W, A5 R K — A 2R P it 2R % 3 oK R R WSO FH B SR S U S B s [ ] AR
AR ,2018 ,26(5) 668 - 676.

GUO Li, SHI Jianshuo, WANG Liying, et al. Effects of nitrogen application rate on nitrogen absorption and utilization in
summer maize and soil NO;-N content under drip fertigation[ J]. Chinese Journal of Eco-Agriculture,2018,26(5) :668 - 676.
(in Chinese)

[39] WA T IARIRL SRAUH 2. /KR AR XY A PR R R U A R R BRI ST BERE (1] 22 AW 241 ,2016,36 (3)
332 —340.

HU Mengyun, MEN Fuyuan, ZHANG Yingjun, et al. Research progress on water — nitrogen interaction and its effects on crop
growth and utilization of nitrogen[ J]. Journal of Triticeae Crops,2016,36(3) :332 —340. (in Chinese)

[40]  RZAM. VO HE: T BRI NS KFR S TR BIBEFE[ D] BTN BT R ¥ ,2013.

ZHU Dongmei. Research of strawberry nutrient absorption and fertigation technology under facility cultivation[ D]. Hangzhou:
Zhejiang University, 2013. (in Chinese)

[41]  FERF KACHE SR BRI 7 i ST SOKAE A TSGR A2 [ D] 284 IR AR R 27, 2010.

WANG Cuiling. Effects of coupling water with fertilizer on growth, fruit, yield, and quality of quality of strawberry and use
efficiency of water and fertilizer[ D ]. Taian; Shandong Agricultural University, 2010. (in Chinese)

[42]  Zsl. JBEN IR HE A0 T I 2 B il KRR T 5E [ D . HRHE . b TR R, 2018.

LI Chao. Study on growth environment of greenhouse strawberry under mulching drip irrigation[ D]. Handan; Hebei University
of Engineering,2018. (in Chinese)

[(43]  JMSE3C, BT, HAH , 45, JE TR AL ASTRY JZ 003 M v i) SR R g K R8O P [0 ] HERE DL T A2 %41 ,2019,37(9) -

815 -821.
XING Liwen, CUI Ningbo, DONG Juan, et al. Evaluation of water and fertilizer coupling effect of trace irrigation strawberry
based on entropy weight and fuzzy analytic hierarchy process[ J]. Journal of Drainage and Trrigation Machinery Engineering,
2019,37(9) :815 —=821. (in Chinese)

[44] WANG F, KANGSZ, DUTS, et al. Determination of comprehensive quality index for tomato and its response to different

irrigation treatments[ J]. Agriculture Water Management,2011,98(8) ;1228 - 1238.



