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Construction of integrated quality index of tomato with total organic
nutrition and its response to organic fertilizer and water coupling

MA Lele'* ,GAO Ning®, YANG Bailiang' ,REN Ruidan'?,FAN Binghua'**,LI Jianming'**
(1 College of Horticulture ,Northwest A&F University ,Yangling s Shaanxi 712100, Chinas
2 Key Laboratory of Protected Horticultural Engineering in Northwestern China , Ministry of Agriculture ,
Yangling . Shaanzi 712100, China;3 Yulin Vocational and Technical College \Yulin Shaanxi 719000, China)

Abstract: [Objective] The optimal combination of organic nutrient solution and water drip irrigation
for tomato was studied under organic nutrition with organic matrix and organic nutrient solution to provide
theoretical basis for organic cultivation of tomato facilities. [Method] The drip volume of organic nutrients
was set to 5 levels of 0,3.48,12,20. 52 and 24 L/plant,and the water drip volume was set to 5 levels of
1.2ET,1.26ET,1. 4ET,1. 54ET,and 1. 60ET. The two-factor five-level orthogonal rotation combination
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was designed with a total of nine treatments for tomato bag cultivation test. After determining seven quali-
ty indicators of tomato fruit (soluble solids content,soluble sugar content,organic acid content, sugar-acid
ratio,lycopene content, vitamin C content and soluble protein content), the weight of each indicator was
calculated by subjective analytic hierarchy process, objective entropy method, and weighted combination
method based on game theory. Then,an evaluation index for comprehensive quality of tomato fruit was con-
structed by using an approximate ideal solution, a mathematical model of comprehensive quality was estab-
lished,and the response relationship of organic fertilizer and water was analyzed. [Result) The weight or-
der of the quality indicators determined by combination weighting method was lycopene content>>soluble
protein content>>soluble sugar content>soluble solids content™sugar-acid ratio>organic acid content >
vitamin C content. The established model reached a significant level. With the increase of organic nutrient
solution and water drip irrigation amount, the overall quality of tomato fruit showed a trend of increasing
first followed by decrease. The interaction between the two had positive effect on the overall quality. Each
single factor had negative effect on the overall quality,and the effect of organic nutrient drip irrigation on
overall quality was greater than that of water. When the organic nutrient drip volume was 10. 30 L/plant
and the water drip volume was 1. 35ET, the comprehensive evaluation value of tomato fruit was the highest
of 0. 98. [Conclusion)] Coupling of organic fertilizer and water can significantly enhance the overall quality
of tomato fruit. Reasonable control of organic nutrient solution and water drip volume can effectively im-
prove the overall quality of tomato fruit.

Key words: tomato organic cultivation;organic nutrition;organic fertilizer-water coupling ; comprehensive qual-

ity evaluation
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M %F 0 5 5 b SR AT ER A AT P 200 210. 54 g/kg. 7 il R FH 2 i AR 1 4%

AR AEA LI TINA VLS SRR A HLER B BRI R AR 1 m, 5 0.3 m, /& 0.2 m. FIH
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1.1 iR H S R ML (ET) R4 ET #2 KR, T
IS 2017 42 9 H F 2018 4F 1 AEVGAARM A HLE F7 W BC 75 el A< PR 20 40 A7 400 1K 0 25 2R i
B R 22 b S B0 I (0 K 85 B AR X PR R S A S DR B 28 AR R 2R 28R $R W CREE T )5 1Y
PR R AT KM 32 mL B5 8 17 m &5 5.2 JEREIE 5K 1 10 RE RS G 64
mo, AU ORL A i 22 TR E R A AT 2RI AR RS 72 h E RV WO 08 RRT A 2) JE
jkZwaan 24 @) $R 4L WA RS CERBERBOM 41 1 WIERRILIES
PR3 Ty AR TR A O ok A L K AR JRRRR AL 31 R IR A S R AR R - 4
2 TEEFBER AL, 3+ 3+ 4 R LR A B D A 242 mg/L, & 8 52. 12 mg/L, & # 476. 61
B H AL M BT K R A & B A KB BT & 0. 366 mg/LLEEASA 6321 mg/LL AHAS A 162. 08 mg/L,
g/cm® FEKFLER 45. 13 %6, il ALBR 23. 372, B4l AHLFE 962. 03 mg/L, H 3% 1. 62 mS/cm, pH
Bt 68. 50%, pH {H 6. 93, L 5 R (EC) 2 230  7.76.45 ML 7200 A0 B TF AL 45 S W FF LG 0617 Tl
pS/em, WA N Fr i 2 343,51 mg/kg. # P & ACHEAGACATCRAH ], BOAE 7 d 1 W i 12 Wk, 45 Ab
1 026.66 mg/kg, #AL K & & 2 312. 01 mg/kg, 7 FAYCGENC 2 1 vowd i Gt B DS IE 5L
F1 2ENERHEEMNRBAE

Table 1  Experimental design for total organic nutrition cultivation of tomato

o A HLE FE M Organic nutrient solution Ik 4y Water
S H I WERL/ (L - BE D) T VR /ET
Code Drip irrigation content Code Drip irrigation content

T1 1 20.52 1 1. 54

T2 1 20.52 —1 1. 26

T3 —1 3.48 1 1.54

T4 —1 3.48 —1 1. 26

T5 1.414 24 0 1.40

T6 —1.414 0 0 1.40

T7 0 12 1.414 1. 60

T8 0 12 —1.414 1. 20

T9 0 12 0 1.40

1.3 WMEMBRFE PERE S RS ARG EN L FMLR TR

FEFE L, FE RS A A BB (LT8O — 3 6 T (Thermo Fisher, USA) 350 52 5 4 4E
MRS 10 A M OLFT A3 - FIE & 488, R C S R A @k 0 g s ariE | A
AV R Y & R BT RHBO-90 B F 4T 540 & RCR A S -G250 Je ki et .

(LINK. Co. Ltd. , Taiwan, China)""“ Jll & ; Al 1.4 SERKRIENENITE
ORI L (s s LR ok 14l R AHP %# A E2—RRasiRE AR
FH0. 1 mol/L NaOH i g ik M0 A2 s MR L b AT 40 D52 199 45 1 o 0 4 s 1) 2 0 R0 SC 6 A 3, ST
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Table 2 Quality of tomato fruit under different treatments
wm  DEEEE eman mamen s mmw  TRLRERS AR CEE/ RILENE R
Treatment Y he/ % Soluble sugar Organic acid Sugar/Acid (mg + hg™*) (mg -« g ) Cpg gD

SSC Lycopene Ascorbic acid Soluble protein
T1 5.90£0.50d  3.2940.12 ¢ 0.82£0.05cd 4.00£0.40a 5.53£0.06 bec  14.45%0.67 d 138.14£4.45 de
T2 5.50+0.28 e 3.26+0.20 ¢ 0.79£0.02 cd 4,114£0.27 a 5.47+0.06 be 14.274+0.61 de 119.01£8.18 ¢
T3 4,80+0.36 f 2.227+0.13 e 0.75740.03 d 2.95+0.22b 4.10+0.28d 13.584+0.17 f 100.66+3.17d
T4 6.00+0.37 cd 3.56+0.36 bhc 0.85740.03 ¢ 4,2040.31 a 5.66+0.09 b 17.46+0.37 a 138.66+2.25b
TS 6.30+0.54 ¢ 4,02-0. 28 ab 0.87-£0.01 be 4,6340.38 a 5.624+0.03 be 15.86+0.85 b 144.86+8.86 b
T6 6.70+0.22 b 4,0840.51 ab  0.9640.05 a 4.24740.34 a 5.77+0.10 ab 16.29+0.32b 143.83+1.15 b
T7 4.20+0.22 g 2.54+0.43 de  0.634+0.03 ¢ 4.04+0.49a 2.48+0.17 ¢ 13.39+0.12 f 71.97+3.68 ¢
T8 5.20+0.14 ¢ 3.08%£0.50 cd 0.7540.05d 4.0940.21 a 5.30+0.09 ¢ 13.76+0.31 ef 103.76+£1.90d
T9 7.10+0.45 a 4,237+0.59 a 0.92-+0.01 ab 4,5740.67 a 6.08+0.23 a 15.204+0.28 ¢ 161.92+7.22 a

TE < [ 51 B0 5 bn AN [ /NG 5 B 38 7 Ak B i) 22 S i 25 (P<<0. 05)

Note: Different lowercase letters indicate significant difference between treatments (P<Z0. 05).
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SR PR B 1 58 1 45 48 Fn BCEE HE I R = 75 i 21
RO 0. 258) >Rl PR A 1 6 (0. 248) > AT ¥ 1
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Table 3 Comprehensive quality target level judgment matrix and weights of tomato

I —E PRI S
) B.*’]‘% C C C, *Xﬁ Consistency test parameters
Objective layer C N Weight < -
Amax CI RI CR
" [~
G 1.00 1.46 0.99 2.00 0.00 0.00 0.00
C, 0. 69 1. 00 0.41

TE:Co ARIRA BT Co AE TR o A R FFIEE ;s CT 2 — BMEIREG RT 21 B B L — BOPE 4R 0 CR & B — BUE R 30 R4 CR<

0. 10 ST HA R E — 8k, TR,

Note: C; is flavor quality; C; is nutritional quality. Am.x is maximum eigenvalue; CI is consistency index; RI is average random consistency in-
dex;CR is final consistency test coefficient, CR<C0. 10 means overall satisfactory agreement. The same below.
F A4 T H0 KU G RAE T F BT AR B A E

Table 4 Flavor quality criteria layer judgment matrix and weights of tomato

PR B ]2 C W — R 5 S 4
Flavor quality Cyy Cy Cis Ciy ; Consistency test parameters
L | Weight - -
criteria layer C; Amax CI RI CR

Cy 1. 00 0.79 1.71 0. 84 0.15
Crz 1.27 1. 00 1. 26 0. 60 0.14 104 0.01 0. 90 0.01
Cis 0.59 0.79 1. 00 0. 49 0. 10
Ciy 1.19 1.67 2.04 1. 00 0.21

1 :CiiCiz \Crg Crar B0 R AT PR TR W) & i RTVA PR & 1 A PLIR & &8 Bk LL . R 6 [,
Note:Cy1,Cy2,Cy3 and Cyy are soluble solids content, soluble sugar content,organic acid content,and sugar acid ratio, respectively. The same
for Table 6.
RO EME MR R H B EREME

Table 5 Nutrition quality criteria layer judgment matrix and weights of tomato
BTN Z C W — BRI SR
Nutrition quality Cn Cys Cys o Consistency test parameters
L N Weight —

criteria layer C, Amax CI RI CR
Cy 1.00 1.37 1.92 0.18
Cy2 0.73 1.00 1. 40 0.13 3.00 0. 00 0.58 0. 00
Cas 0.52 0.71 1. 00 0.09

T Cor \Cop (Cog P HIN B MR & AR C ot i EA & . R6 M.

Note:Cy; »Cy; and Cyy are lycopene content,vitamin C content,and soluble protein content,respectively. The same for Table 6.
2.3 BT TOPSISHTEMBEMRIEGREOEMN 6. M5 6 nH. T Ak B H A9 L35 dh B (B e
AN F AL B A 25 A w BOTE M E C KA W3R &L LR e TR, T6 Bk 2, T7 A BEAY 255 il
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FOP U RG2S . P78 6 4003 C) i SGhEMIIAEI T 1 b kT W 4 el %01
HEPF 5 4 80— 5 TS (A HE U 10 Spearman #1364 FH TOPSIS #4057 A7 L% 2 ORI K 5 023 76
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Table 6 Tomato fruit comprehensive quality index and sorting in different organic fertilizer and

e &5 28 LA 25 B — g S HE P S 2R R HE Y B A

water combinations by TOPSIS

Trﬁlﬁlﬁcm Cn Crz Cis Cuy Co Cy Cas dr d- C; Sflrzllig
T1 0.114 0.109 0.112 0.109 0.120 0.108 0.123 0.021 0.048 0.691 5
T2 0.106 0.108 0.108 0.112 0.119 0.106 0.106 0.027 0. 043 0.609 6
T3 0.093 0.073 0.102 0. 080 0.089 0.101 0. 090 0. 050 0.022 0.305 8
T4 0.116 0.118 0.115 0.114 0.123 0.130 0.123 0.017 0.051 0.752 4
TS5 0.122 0.133 0.118 0.126 0.122 0.118 0.129 0.011 0.056 0. 831 3
T6 0.130 0. 135 0.131 0.115 0.125 0.121 0.128 0.010 0.058 0. 858 2
T7 0. 081 0.084 0. 085 0.110 0.054 0.100 0.064 0.064 0.010 0. 141 9
T8 0.101 0.102 0.102 0.111 0.115 0.103 0.092 0.035 0.037 0.518 7
T9 0.137 0. 140 0.126 0.124 0.132 0.113 0. 144 0. 004 0.066 0.938 1
St 0.137 0. 140 0.131 0.126 0.132 0.130 0. 144
S— 0.081 0.073 0. 085 0. 080 0.054 0.100 0.064
R 0.915** 0.652" 0.891** 0.788" 0.912** 0.686" 0.961**

TE Gy R X W A2 5 ST RN S 435 32/ BUAR M 5 0 BARLA 5 o R o 43 390 308 45 b B AR AR R 6 JHLARL A P AL BE B8 5 R SRR ER A
SR 45— BUHE Y 9 Spearman AHOC R B « L A (P<0. 05) 5 » xR FE MK (P<C0.0D),

Note:C; indicates relative closeness degree; S™ and S~ represent ideal solution and negative ideal solution, respectively;d™ and d~ repre-

sent weighted distance between each process and ideal solution and negative ideal solution,respectively; R represents Spearman corre-

lation coefficient of total ranking and single quality ranking of the comprehensive quality. * . P<0.05; * % . P<0, 01,
2.4.2 FREZEESH  AYVEIRBRAER KD
{19 TR 0 545 il Jo ) TR 2R AR R a0 3 O
Y, =0.94—0.12X, —0.30X7, (2)
Y,=0.94—0.11X,—0.16X3, (3)
YY) R 5 SO O (B A BLE 57
TBOFI K 3 98 2 ) BASSE R R
Xof b 3R B PR AR R A AN 1

2.4 BMREXEEMBEXIEYABKIES HIMG R
2.4.1 AWJEKABEL EHREEESRAEY
B MY ST B AL .

Y=0.94—0. 12X, — 0. 11X, — 0. 30X? —

0.16X24+0.13X,X,, (D

Y REREA W BPFNE X, ARG ILE R
T TR ) e B 15 X, SRR 20 T T ) e ) 11

PO AT B E MR F=24. 62>>F, 5 (5,
3)=9.01:HKEB R*=0.98; P(FiH)=0.012<<
0.05, P CHFI)<C0. 000 1, P(X,)=0.005 4<<
0.01,P(X,)=0.027 8<<0.05,P(X})=0.000 9<<
0.01, P(X%) =0.024 6<<0. 05, P(X,X,) =
0.010 3<C0. 05, FEWIX (1) ik 2 W F K ¥, &0 &R
B Ik ) i 3 O S KR LB AT R R HLE
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