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4 PR — L2 SR 7 R 45 SR AT AR 22 5, Kendall — W — ECPERG S0 A9 0 F0 R 50 0. 920, 3% S 4 Borda 20 & 9F
Bt ERUT I HTIE SR Borda 15 19 HET 45 FAE 3¢ REUR S, O 0. 988, FETHIM Borda 416 VP4 kA5 10,
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Determining Optimal Drip Irrigation Frequency for Substrate-bag
Cultured Tomato Based on Fuzzy Borda Method

HU Xiaohui'? ZHU Keyu'> ZHANG Qi'*> ZHAO Yuhong'® MA Yongho'~
(1. Key Laboratory of Protected Horticultural Engineering in Northwestern China,
Ministry of Agriculture and Rural Affairs, Northwest A&F University, Yangling , Shaanxi 712100, China
2. Shaanxi Provincial Facility Agricultural Engineering Technology Research Center, Yangling, Shaanxi 712100, China)

Abstract; Aiming to implement accurate and effective fertilizer management for protected cultured
tomato, the tomato ‘ improved Jinpeng No. 8’ was selected as material. With the conventional substrate
cultivation tomato nutrient solution management method as the control (CK) , the tomato fruiting period
was divided into the early fruiting stage ( the third fruit of fruit set ~ the first of fruit mature) and the late
fruiting stage ( after the first ear of fruit mature ~ the fifth ear of fruit mature), the drip irrigation
frequency in each fruiting period was set to be 1 time/d, 3 times/d and 5 times/d (the total amount of
nutrient solution supplied was the same), and a total of 10 treatments. In order to study the effect of
different treatments on the different layers fruit quality and yield of tomato, the effects of different
treatment on quality and yield were investigated. Four single comprehensive evaluation methods,
including principal component analysis, TOPSIS, membership function analysis and grey correlation
analysis, were used to comprehensively evaluate the quality —yield of tomato multi-layer fruits. The single
comprehensive evaluation result of the consistency test ( Kendall - W) was used for fuzzy Borda combined
evaluation to determine the optimal nutrient solution drip irrigation plan. The results showed that coupling
treatment can significantly increase tomato yield. When the quality indexes of different layers of fruit were
the best, the corresponding coupling treatments were different. There were differences in the ranking
results of the four single comprehensive evaluation methods. The Kendall = W consistency test had a
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concordance coefficient of 0.920, which satisfied the combined evaluation conditions. The principal

component analysis method and the fuzzy Borda method had the highest correlation coefficient (0.988).

The best drip irrigation frequency was 1 time/d in the early fruiting stage; 3 times/d in the late fruiting

stage based on the fuzzy Borda method, which can achieve higher yields of tomatoes and multi-layer fruits

with high quality. The research result can provide the basis for scientific management of nutrient solution

produced by facility tomato.

Key words: tomato; drip irrigation frequency; quality; yield; fuzzy Borda method
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Tab.1 Experimental treatment

e SERATHIRHESUCR . S50 WA R
(K-d™h) (K-d™Y)
Tl 1 1
iv) 1 3
T3 1 5
T4 3 1
T5 3 3
T6 3 5
T7 5 1
T8 5 3
9 5 5
CK HOA L TSR 1 R/(2 d)
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SR FRFEAILVE I 5 BRAS SA—B ot pa bk , B
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FEES BRILZAL, nIE VRS S ARV PR T4
FAEAER IR 1.3 5 W/d AR 2R

HEASE FHaESE EEEREY S &
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Tab.2 Effects of drip irrigation frequency on quality of tomato fruit in the first layer
TR/ W AR 4R C SRR — AEMEEAS R, FMAESE, AENEEY
(W-d~1) T/ % T/ % (mg- (100 g) 1) e (mg- (100 g) ') (mg-(100g) ") T/ %
1 (9.34£0.25)* (7.3120.41)° (14.020.52)°  (7.61 £0.29)* (7.30+0.68)% (3.86%0.33)¢ (4.97 =0.06)™
3 (6.44 £0.40)" (8.99+0.42)" (18.10.24)" (6.67+0.28)" (8.730.65)* (10.20=0.21)* (5.73 £0.12)°
5 (6.42+0.64)" (8.5%0.68)" (19.020.69)" (6.55+0.26)" (7.30+0.60)*" (10.10=1.24)*" (4.93 £0.06)*
CK (8.51£2.02)* (10.8+1.97)* (23.5+1.18)* (7.98+0.42)" (6.86+1.13)" (7.63£1.40)" (4.43 +0.06)°

T RS TR AN RNG PR RIAL B 7] 22 5 B35 (P <0.05)
7

2.1.2 X 3 RIS BT SE N

I 3 FTLUA Y, 45 SR A U1 v A 4 b 255 )
FREL (P <0.05) , 45 fb 2 52 Ml 2 S04 JRO0E &5 & W] ¥
PESRES & 4EAER C i TR S i L
RO T EEIEY & i (P <0.01) s 258 )5 Wik
AT B R AR AR 2R C & MY SR S o
FRFR(P <0.01) ; P 3¢ BAE AR i 25 52 ) [5 ] 5 1:
SRS RSN SRS BTRE bR (P <0.01) o BR T9 Ab3
b, AR A A B A 2 A SR B B AT e SO

1S4
o

o N,

IR CK A B 25w, B T2 AbBRRE IR, hy
98.9% 1 63.90% , 5 CK AbFRAH L, 4% 454 4k B 24
KR EREFMMELER C T, T A PRR H
% CK AFEHE 3 T 10. 6% . 5 CK ACFHARLY , 4540
EERSEITE 2y i T RAS G ey | B 2s e T
&, A Bl Lh T2 FT6 AbBE-& B s, 3 CK 4b
PEIAHR TR 49. 1% F129.3% . X THRMLLE S =
et A T2 T3 T4 3 NMAbFAE CK AFEA & 41 5
DL T2 AEFREAR , # CK PR T 55. 7%

R3 HEMRINEIEBMREIRRHOZ MW
Tab.3 Effects of drip irrigation frequency on quality of tomato fruit in the third layer
o R i/ bR BAERC AR/ —_— MESEASE, BMARSE, AEEERY
% /% (mg+ (100 g) 1) (mg+(100g) =) (mg-(100g) ~") /%
Tl (8.78 £0.57)Y (16.0£0.64)" (16.54£0.16)° (11.23+0.52)* (8.19%0.15)° (6.200.79)¢ (4.9 £0.06)
T2 (13.07 £0.83)% (17.05+0.69)* (19.45£0.22)® (10.22 £0.08)% (10.99£0.03)* (11.83+0.79)* (5.0 =0.01)°®
T3 (10.01 £0.36)> (14.89 £0.61) ¢ (18.05£0.73)<¢ (11.21 £0.13)®> (9.88 +0.18)" (11.02£0.01)* (5.27 £0.06)°
T4 (8.44 £0.36) ! (13.26 £0.31)°d (20.41 £0.75)*" (10.63 £0.41)>¢ (8.87£0.12)¢  (9.18 £0.87)"  (4.8320.15)¢
T5 (9.99£0.56)"  (14.96 +1.82)" (17.56 £0.91)% (10.66 £0.30)*¢ (10.11 +0.12)" (8.38 £0.55)>  (5.47 +0.06)"
T6 (8.920.68) (13.16£0.46) %" (20.74 £0.05)* (10.47 £0.24)“" (9.13 £0.05) (8.18 £0.25)" (5.73 £0.12)°
T7 (8.07£0.15)%  (12.08 £1.09)" (19.69 £0.08)* (10.54 £0.24)°" (9.60 £0.27)> (8.96 +1.47)" (5.20 £0.01)
T8 (9.26£0.37)" (14.27 £1.05)"4 (19.61 £0.48)®> (9.84+0.16)°  (9.51£0.26)" (7.92£0.05)" (5.07 £0.06) %
9 (6.68£0.45)° (11.41+0.85)% (19.12+1.02)" (10.98 £0.38)* (9.87%0.08)" (7.930.09)" (4.90+0.01)"
CK (6.570.21)¢  (10.14+0.08)% (19.72+1.38)™ (10.15£0.13)% (7.37+0.85)7 (7.60+0.27)°  (4.43 £0.06)"
5L T IR 57.403 ** 30. 560 ** 18.768 ** 4.873* 10. 382 ** 9.901 ** 41.867 **
SR T A 58.786 ** 14. 142 * 1. 487 12. 060 ** 146. 616 ** 7.653 36. 867 **
" AR 10. 639 * 0.513 20.794 ** 4,945 64. 490 ** 25.656 52. 667 **
SR

o FoRm P <0.05 WK, w Fom P <0.01 BEKTE, TR,
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Tab.4 Effects of drip irrigation frequency on quality of tomato fruit in the fifth layer
. R i/ Rk ERE BAERC AR/ —_— ElEATE, BNARSE, AREEEY
% Fi/% (mg-(100g) ~") (mg-(100g) ~') (mg-(100g) ~") /%
Tl (10.14 £0.52)® (13.13£0.34)> (13.82+1.10)* (11.32£0.62)* (10.30+0.37)" (5.01 £0.60)"  (5.20 +0.10)"
T2 (9.83+1.45)%" (16.24+0.27)* (18.05+1.36)¢ (12.38+1.24)* (10.93+0.31)" (6.80£0.03)% (4.63 +0.06)¢
T3 (8.21 £2.43) (11.41 £0.49)" (21.74 £2.13)"> (10.89 £0.40)" (10.76 £0.09)> (8.59 £0.73)"  (4.93+0.06)°
T4 (7.18 £0.88)"  (12.100.60)" (15.65 £0.08)¢ (11.19 £0.28)*° (10.76 £0.43)" (9.13 £0.46)*" (5.03 £0.06)"
T5 (9.58 £1.89)™ (16.61 £0.20)* (21.09 £0.81)" (11.70 £0.86)** (10.51£0.18)" (8.51£0.62)>¢ (5.13 £0.06)"*
T6 (8.15+2.08)% (11.88+1.40)" (21.56£0.35)> (10.40£0.21)¢ (10.77 20.48)" (8.33 £0.54) % (5.20+0.01)"
T7 (7.34£0.76)"  (12.93£0.10)" (19.93 +0.19)" (11.44 £0.17)** (10.93 £0.22)" (10.66 +1.66)*> (4.50£0.01)¢
T8 (11.23£0.72)*  (16.66 £0.20)* (24.43 £0.79)% (11.75£0.59)® (10.69 £0.52)" (8.34 £0.14) " (5.60 £0.35)°
9 (5.86£1.04)¢ (11.85+2.01)" (20.81£0.25)> (10.63£0.80)" (10.42£0.06)> (6.63£0.02)" (4.20+0.01)°
CK (5.63+1.41)¢  (9.22+2.55)¢ (20.22+0.61)> (10.65£0.33)" (11.95+0.28)* (7.38+1.71)“% (3.87£0.06)"
24 HL R R R 1.838 0.265 33.455 0.976 0. 008 19.301 ** 17.953 *
EAE RGN D 8.127 75.130 ** 68.918 ** 8. 670 ** 0. 087 0.958 17.047
TR « 2.555 0. 692 13.365 ** 0.265 2.545 21.705 ** 50. 884 **
SEAUE R

2.1.4  FEURRFE B Y R

11 1 (O [R)ING Bk 3R Ak ) 22 7 )
FE (P <0.05) ) AN, 45 ST 0TI HE A0 25 X ) HE 5 W)
UNTE LTI AN ESTE S A IP Wi @R
0.05), = # M 28 B AE I W 25 5% ) 77 & (P <
0.01) , AS[H] i VA5 S b B ) 7= 1 34 B 3% R T CK
AOBE M ZE AT R Ry 1 R/ d i B S N
THPEAT RGN, 7= i R B Je T MRk, DL T2
Qb B e e 5 45 SR AT VE AR 3 /d R
o i B TR B3R 118 B 00 % T AR A 5 224 5 10037 T AR
FH 5 W d B 7o B S I VE AR 3G N 2
L RAE R T9 KbBE, AR E T2 T4 ' T5 T8 FI
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Effects of drip irrigation frequency on yield of tomato
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P68 4 BT A HET 25 5T Kendall AHC RE0T
B(R6), BRERY], & — AN 45 R 5 HAl
3 o B — 587 2 S R] (4 AH OC R EUTE 0. 644 ~ 0. 822
Z 0], Uk BH B — AR A ) HE 4% 25 SR ) — 2 B A
K, TOPSIS ZR5 P 7k 5 HoAh 75 1 AR OC R 2K
SEBEIAL, N 0. 718 ;51 J& sR B M i 5 Hofth 73 #r
T B YA O R U, 0. 807 (3K 6) o Xf 4 Ff
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Tab.5 Comprehensive ranking of four single comprehensive evaluation methods

e ERIY ik TOPSIS 43-#7 i R Jg BT TRAB SR B 43 H i HE# 1Y

PO =4 PO HE# PO HE# PO HE# PR
T1 9.3155 7 0.3808 9 0.3799 8 0.7123 10 1.29
T2 11.7953 1 0.5555 3 0.593 1 2 0.8167 1 0. 96
T3 10. 363 6 4 0.4782 7 0.496 5 6 0.7520 6 1.26
T4 9.3711 6 0.518 8 6 0.5189 5 0.757 4 5 0.58
T5 10. 856 4 2 0.6303 1 0.604 1 1 0. 800 3 3 0. 96
T6 9.776 4 5 0.5353 4 0.524 4 4 0.767 4 4 0.50
T7 9.484 4 8 0.5245 5 0.4495 7 0.7505 7 1.26
T8 10.7357 3 0.6242 2 0.5457 3 0. 808 8 2 0.58
9 8.3365 9 0.4122 8 0.3679 9 0.7132 9 0.50
CK 6.761 6 10 0.3772 10 0.3487 10 0.7262 8 1.00

F6 M EHFZERE Kendall 16X R
Tab.6 Kendall correlation coefficients of ranking

results of comprehensive evaluation methods

FASr  TOPSIS  SJE BREL K {6 Ik

i SRR ST ek BRI A
F G 0.644  0.822  0.689 0.725
TOPSIS 43 #ri% 0. 644 0.822  0.689 0.718
SEEEOMTEE 0.822 0.822 0.778  0.807

IR M E: 0.689  0.689  0.778 0.719

P T L AT — BUERS, oT LI T A TR
2.3.2  FETAN Borda 1A A AR Y (4 32 i 7o -
st SO A A X A3 11 i i
RGBT Borda ZH & PV A5 8 1 HE 17 45

(F£7)5 4 g — PPN ERIHE P 25 R 54T Spearman
FHEPERGTS . BOWT Borda ZH-APEH 5 3204 20
HE P 45 S (0 A0 ¢ R B =, O 0. 9885 5 TOPSIS
SIBTHE T S5 S AH O R ERAR, O 0. 855, S JE pRi
B TIE R 0. 964 KA SCHKEE 73 AT il 0. 891, °F
PR R ECH 0. 925, LB Borda 414G TFAT I HE
JPE5 RS 4 Fhep— PP ik A e R T DK
T T i B AL A TP B AR A DR
Borda 41 & PF 4 45 H 19 25 5 VM 15 43, BRI e 15540
Borda £ 5150 HE T , 25 G HEA A T2 [ T5 T8 [ T6 | T3 ,
T4 T1.T7 .19 .CK(F 7),T2 55459500 43.015 7, |
SELATITE AR R 1 W/ d | B TS TR AR R
3 W/ d HIALER i R R i 2 A e TR, Y
28 R i SO VR AT R () B Bt 2 5 R S 30 T R A R
(RGN, 58] Borda Z5 4 1370 34 52 e ¥ )5 R 19 A8 4k
e CHEURE R 1 W/ d S R/d I
et 275 SR U 7 A R B, AR Borda 255 154 4%
PR S R R R A S5 TR HEAT R R 3 YR/ d 1Ak
PRHE A4 T 3, HL B 25 R AT 010 AR 3 B
Borda ZES 150287 F %

&7 N Borda AEITMEBHESHEE
Tab.7 Comprehensive ranking of fuzzy Borda

combination evaluation model

Ab P M) Borda 27 A 1535 HE44
T1 4.7993 7
T2 43.0157 1
T3 17.990 3 5
T4 10. 846 8 6
TS 36. 669 1 2
T6 16.470 6 4
T7 4.480 1 8
T8 26.788 8 3
T9 1.156 3 9
CK 0.3382 10

2.3.3 5 Borda 41 A PR AR R 5 AG 56

HISEH] Borda 20 &I T (H 5 & Fo— P4
7Y Spearman AP HTES R 0T LUE Y, F
IR O R 80 0925, Hov, 32 L3 23 AT 125 45 A5 B
Borda BRI HEFF 45 FARSC R EUR 57,y 0. 988, MY
Borda ZLE TR ¢ =6.886 > 1,05 =3.355, 3t
I S L 7

3 hg

it — o s 7K A R L I 5 AR Y
SR g R K IS SRS B A A KR A
7 AT LA S5 30 2 4t 9 K 1 A e R B A 7 AN TR AR
T B SRR AR Ak G AN [R] 2 Ik
R, 5 CK ALBEAT L, & I 0
TR AR T AR 3.5 J2 RS BRI AT B2 Y
CIE Ve SRR SO S e i
T SR SR A0 S i 0 R I AN S ol A i
B R FHE R - T2 A B (2 SR i 0T B SR
TEII AN 1 W/ d A R 5 0 3% 0 TR
3/d) BIHE 3 JRRTAH 4 A BHE AR IS B R AL,
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BIDERE 55 . BT B Borda 1 (1 2 il 55 W HE SR BT 413

1o 2 W SO 2R 00 50 R N R G, 2 R
FEK 310838, A5 R T 26 il it BB T 5 5 R R
S 22 A TR AR A 2 52 45 R S0 9
RIS, Forp TO Ak BEAY i AR AR 22, X UL W
0T i T 5 HE TR T A R B — i 1A A R AR
REALE R I T AR S AN T o A B, X
MR Y AR R B, RS T
U AT TS, 15 B AAGRR D 3 )/d 1Ak
PR PR S AR R AR R g, 7 i e R, AS
FAUREHME . 5 LTIk, 2% WG AR & A0 B
XL S S AL BEOT AN 58 4 — B, W AT 2 B AR
ZaTH

19 R Z H bRtk R R 245 B 2P
JRCT Z AP BB TR O AR B PR
SNHZ IR BE AR DL B AFAE BN I 2R 45 B — T
WO LRIV G 2R Z TR A AE 22 53, B0k % WL
SEHEATHERR RS W, I, R I 28 B — A 7 14
LR BT A VRN, A A D 2 Bh B — PPN T 0k
LRI —EUE B B — IR D7 Ik R,
AR T AN TR 3 i e S AN AR TR, Ll 5t e
ZA™ b AR AR LR DR 5 77k B 3 0 A 7 o i
BEARZ — o ARl dh BRI = Y255 PP
HAMAT R — R0 RS2 0 dh R A (s 5L JF AN RE
YA Sz R A A 7 J T B0 e R S B, TR,
TG AR R = T 50 a5 R R R AR, AR SCHH]
FE G Hrik [ TOPSIS 20 Hr ik SR ek B Mk K
@SRRI 4 PP — LRGN TNE X B 2 2
SRR T B LA PR, 9T 5 AL Borda 41
BV IR 4 BTSSR AT A AV, o
YR 3 5 A 25 95 X S 5 b B B e D02 R, AN
AR 4 BT i L TOPSIS 43 Bk | S @ oR 5053 #r
¥ KA ICIR B S A 125 A DT 45 SR () AR DGV, A

KRZBIIME N 0. 718 ~0. 807, Kendall — W —Z 45
PRI R ECH 0. 920, T LB Borda 2145 PEA 4%
F, 18 Borda 15 PEM IHET 45 R 5 £ 005 B
PR 45 3L Z [a] i AH D¢ R 80 s 5 HLLA T2 Ab 333k
Tt SR 2R A A, A R IR TR
[FIEF, T2\ T5 A1 T8 AbFRLZR G HEA T 3, H45 R )5 1]
THTEAT A8 R 3 Y/ d, LB 5 245 S w393 HE A% 1
HINZE G VPO HE A 80T 1% 3 U B 45 SR i 40 i v
WA RIE TG R T 25615 50 15 &, M AEE B
T T ARG N T30 R A3 DU R T T e Y 2
G185, ABARI LRI AL 40 B 1 dl BT i S T
BRI N OC R, ARV SR A HLE], ILAk , % F
et TR HE 7 28 T AR AT 2B i AR 40 #
v e T R — LA

4 #ip

(1) IR TRE TR X8 2 AN [ 2 2R 5 i B
Wi ST, 285 SR BT SUITR BE RIS 55 1 2 2R S G A
BRI, AN R A T 0 A T R AR 5 Ak B e
DAY 25 0038 3 0 20 3.5 )2 R S8 il o O 3 o Ak
i

(2) FWST5rHTi TOPSIS 43k SR8 sk gy
Mridk DR ORHRIE 73BT ik 4 F S —ZR 80 J7 15 /Y
R4 R A 22 5 (B BA —E R RI AL, AT LARE T4
BV ik SO Borda 35 HHEF 45 2R
FAOG R B i

(3) Bh] Borda YEZE G VN 45 SRR SR AT
THEERUCR G A A M T LRE 15 0 1R =, i 7E
L PR AL 3003 2R 03 DU A R i S
MG R, GORATIIRHEDTR N 1 R/ d E5RR
WRREIR Dy 3 U/ d BYE IR IBGRHE TS 58, ATl 2 it
PO M2 2RI BA R R,

SN

& % x #t
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