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Construction of comprehensive evaluation model for tomato nutrition quality
based on method set and its response to water and fertilizer supply
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Abstract ; The objectives of this study were to investigate the response of tomato nutritional quality to irrigation
and fertilization, and to explore a comprehensive method for evaluating the quality. A greenhouse experiment was
designed using quadratic general composite rotatable method with five factors including irrigation, organic fertilizer,
nitrogen (N) fertilizer, phosphorus (P) fertilizer, and potassium (K) fertilizer. Six quality indexes including solu-
ble solid, soluble sugar, titratable acid, the ratio of sugar and acid, lycopene, and vitamin C were measured at the

ripening stage of tomato fruit. We applied method set theory that is based on principal component analysis, member-
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ship function analysis, the TOPSIS model based on combination weighting, and grey relational grade analysis. By
using whole diversity-based reasoning for objective combined evaluation, the evaluation model for tomato nutrition
quality was established and its response to fertilization and irrigation was explored. The results showed that there was
a strong correlation between the ranking values obtained by the 4 independent evaluation methods and they were
verified by the KENDALL-W consistency test. The correlation coefficients of the ranking values between combina-
tion evaluation model and independent method were above 0.943, indicating the evaluation model was reliable. It
also reflected the effectiveness of combination evaluation model. Therefore, the response function of tomato compre-
hensive nutritional quality index to water and fertilizer amount was established. The effects of water and fertilizer
factors on the comprehensive nutrient quality of tomato ranked as organic fertilizer quantity > P quantity> N quantity
= irrigation quantity > K quantity. When other factors were at the intermediate levels, the comprehensive nutrition
quality of tomato responded with increasing water, N, P, or organic fertilizer in an opening downwards parabola,
and an opening upwards parabola with increasing K. A negative interaction of the amount of K fertilizer with irriga-
tion and N fertilizer was observed. There was a positive interaction of the amount of P fertilizer and organic fertilizer.
It indicated that nutritional quality tomato could be obtained when the amounts of irrigation, organic fertilizer, and
N, P, and K fertilizers were at 447.9~462.6 mm, 23.2~24.0t - hm™*, 532.6~581.0 kg - hm™*, 418.0~454.3 kg
- hm™, and 712.6~776.9 kg - hm ™, respectively.

Keywords ; greenhouse tomato; nutritional quality; combination evaluation model ; method set; fertilizer; irri-

gation
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Table 1  Experiment design

A TR

rrigation AR EREE EfE APUEHE

No. N N rate P rate K rate OM rate
1 1(543) 1(855) 1(657) 1(1476) 1(36)
2 1(543) 1(855) 1(657) -1(369) -1(12)
3 1(543) 1(855) -1(219) 1(1476) -1(12)
4 1(543) 1(855) -1(219) -1(369) 1(36)
5 1(543) —-1(285) 1(657) 1(1476) -1(12)
6 1(543) -1(285) 1(657) -1(369) 1(36)
7 1(543) -1(285) -1(219) 1(1476) 1(36)
8 1(543) -1(285) -1(219) -1(369) -1(12)
9 -1(369) 1(855) 1(657) 1(1476) -1(12)
10 -1(369) 1(855) 1(657) -1(369) 1(36)
11 -1(369) 1(855) -1(219) 1(1476) 1(36)
12 -1(369) 1(855) -1(219) -1(369) -1(12)
13 -1(369) -1(285) 1(657) 1(1476) 1(36)
14 -1(369) -1(285) 1(657) -1(369) -1(12)
15 -1(369) -1(285) —1(219) 1(1476) -1(12)
16 -1(369) -1(285) -1(219) -1(369) 1(36)
17 2(650) 0(570) 0(438) 0(738) 0(24)
18 -2(282) 0(570) 0(438) 0(738) 0(24)
19 0(456) 2(1140) 0(438) 0(738) 0(24)
20 0(456) -2(0) 0(438) 0(738) 0(24)
21 0(456) 0(570) 2(876) 0(738) 0(24)
22 0(456) 0(570) -2(0) 0(738) 0(24)
23 0(456) 0(570) 0(438) 2(1476) 0(24)
24 0(456) 0(570) 0(438) -2(0) 0(24)
25 0(456) 0(570) 0(438) 0(738) 2(48)
26 0(456) 0(570) 0(438) 0(738) -2(0)
27 0(456) 0(570) 0(438) 0(738) 0(24)
28 0(456) 0(570) 0(438) 0(738) 0(24)
29 0(456) 0(570) 0(438) 0(738) 0(24)
30 0(456) 0(570) 0(438) 0(738) 0(24)
31 0(456) 0(570) 0(438) 0(738) 0(24)
32 0(456) 0(570) 0(438) 0(738) 0(24)

TE : 1A% N EUE R R KOS (9 52 B 4, 7K B 19 3425 mm,
S8 BRI N kg - hm ™2 A LR R AR ¢ - hm™2

Note: The values in bracket represent the actual amount of water and
fertilizer; unit for irrigation is mm, amounts of N, P, and K are in kg -

hm™2; unit for organic fertilizer is in t + hm™2,



132 T b X ARV A 5T

537 %

TS 5 T SR ) TR B 2 3 12 os-vos 0 5 5 T
SEMRFH 0.1 mol - L ™' NaOH i 1 1212V I 5 ; 4/
F CORFHHIE L I 2 5 i1 2 5k FH EV300PC
U 2 AN — 0] UL 43 56 % BE i % ( Thermo Fisher,
USA) a0 i s 2B B LG 2

BT NLE A B TR A 1) 8 S B
B T2 A TRAL £ TOPSIS AR (2 WA F 3200

FRUAIHEE R ) ST
SY5VHT I SRR RBAMTEE 4 BT HPPA 78, 1

SR ] R 5 i

ﬁﬁ%ﬁﬁiﬂi%

BIAH A ERG 36 B KENDALL-W — 304656, 5%

?MW§ﬁ%ﬁM$W%%ﬁﬁ%ﬁmmﬁ%ﬁ
AT B A B A VAN A5 A T i
fmﬁmoﬁémﬂ%mﬁmﬁm@lﬁmo

FTR AT

F2 HBAR
Table 2 Experiment results
Lhe A E Y AR AR E R N, feEER C TR i
= . . . . MR LL I .
No. Soluble solids Soluble sugar Titratable acid Sugar/acid ratio Vitamin C Lycopene Yield
/% /% /% /(mg - 100g™") /(g g ) /(kg - hm™?)
1 5.23+0.03 3.15+0.09 0.44+0.01 7.12+0.28 17.53+0.72 31.29+1.42 29584.62
2 4.21+0.00 2.50+0.10 0.38+0.02 6.55+0.47 18.16+0.37 40.24+0.47 24577.12
3 4.21+0.03 1.68+0.08 0.22+0.01 7.71£0.30 18.51£0.62 17.42£1.07 30109.72
4 4.75+£0.04 2.39+0.09 0.28+0.01 8.43+0.24 14.61+0.39 22.44+2.94 36689.14
5 4.14+0.00 2.06+0.08 0.29+0.02 7.06£0.11 17.88+0.38 25.51+1.30 20315.80
6 4.64+0.03 2.50+0.09 0.28+0.01 8.98+0.10 13.98+1.08 27.62+2.27 32323.18
7 4.64+0.00 1.67+0.09 0.39+0.02 4.25+0.54 15.61+0.64 19.71+2.43 37603.78
8 3.84+0.03 1.64+0.03 0.25+0.03 6.47+£0.94 16.25+1.21 19.75+£3.49 31024.48
9 4.75+0.00 2.36+0.17 0.26+0.01 9.06+0.42 23.44+0.23 29.91£1.70 39087.72
10 5.37+0.00 3.07+0.07 0.55+0.02 5.54£0.52 19.54+0.27 40.02+0.46 45667.22
11 5.28+0.03 2.26+0.08 0.36+0.01 6.25+0.27 19.79+3.71 32.11+0.87 53019.74
12 4.36+0.03 1.62+0.13 0.23+0.03 7.03+£0.32 20.43+0.15 25.15+3.34 38012.32
13 5.18+0.03 2.45+0.24 0.44+0.00 5.61£0.83 20.55+0.57 41.15+0.40 40225.78
14 4.29+0.00 1.72£0.15 0.22+0.00 7.68+0.56 21.18+0.61 20.11+1.65 33646.40
15 4.37+0.03 1.88+0.05 0.41+0.01 4.56£0.15 20.15+2.18 20.29+1.13 47107.08
16 4.79+0.03 2.61£0.27 0.33+£0.03 8.01+0.53 16.25+0.18 22.31£2.03 58114.38
17 4.38+0.03 1.75+0.13 0.32+0.01 5.55+£0.43 12.95+0.44 18.87+1.10 29542.68
18 5.06+0.03 1.64+0.20 0.41+0.01 4.04+0.88 20.15+0.87 41.13+0.20 51955.88
19 5.03+£0.03 3.08+0.05 0.46+0.00 6.73+£0.33 14.70+0.57 23.12+2.19 23753.02
20 4.46+0.03 1.80+0.09 0.40+0.02 4.48+0.41 12.17+0.28 20.58+1.33 27406.34
21 4.99+0.03 3.31£0.12 0.36+0.02 9.27+0.49 19.98+0.64 33.10+1.63 37135.08
22 4.60+0.00 1.75£0.04 0.33+0.00 5.23+0.14 17.32+0.40 20.43+0.82 57948.28
23 5.07+0.03 2.25+0.05 0.29+0.02 7.69+0.43 30.06+0.12 47.21+0.26 53004.88
24 4.69+0.03 2.24+0.02 0.35+0.01 6.44£0.19 26.79+0.50 36.27+1.20 53004.88
25 4.97+0.03 3.01+0.02 0.37+0.01 8.21+0.18 14.13+£1.04 29.43+0.62 48949.88
26 3.54+0.03 2.35£0.15 0.24+0.01 9.72+0.39 18.67+0.43 21.36+3.93 27363.08
27 4.88+0.00 2.93+0.10 0.45+0.04 6.51£0.33 20.00+0.30 30.00+1.21 49004.88
28 4.85+0.03 2.70£0.12 0.36+0.01 7.57+£0.40 21.24£1.01 31.22+2.56 53004.85
29 4.93+£0.03 2.81+0.09 0.35+0.01 8.01+0.33 19.69+0.69 29.57+0.75 55123.93
30 5.02+0.03 3.03+0.36 0.46+0.01 6.58+1.19 20.34+0.25 31.97+3.02 47147.02
31 4.76+0.03 2.76+0.10 0.35+0.01 7.88+0.44 18.27+0.82 29.22+0.52 49747.76
32 4.95+0.03 2.80+0.10 0.44+0.02 6.36+0.63 22.70£1.21 28.36+1.01 52141.95

TR 27 R R RIS B IR IR A AR R

)

Note: The numerical value after “+” represents the stand error of nutrient index.

it 3734 75 % Independent evaluation method
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Fig.1 Portfolio evaluation model based on method set
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(4) RYEPRHERFAE M & A7 5 B BUEN DL 33 B, XTGP R R AR (B A A s Tk
HEL A A AHEFPELHEA T A OG0 HT (35 4) ISR R M AE 0.943
(5) B ARA(4) RSN RA ST DLEFIME 0.968 , R W G WM B8 15 0 57 3F
VMR WRRIPEO A5 SR A TR A S, dL ok 1T 415 3F

3= Ayt Ayt R Ay, 0= 1,20 BOBEBIRARLME, DR, T A AR TR R 22 S
(4) AU PR R A 45 R AT K AL A B0 B A 5 20
HI G LR X T SR AT SR A VR, RS RO AT SRR S

®3 BRBEMEMNER

Table 3 Results of different evaluation models

e - il sk R PP ik
ER AT RIS e B oSS AP AEE S
IS Principal 2 Zﬂjfin'p il Xcmyl ST ;;%()iPSIS il Overall il dliiilt?:naorf
No. componf}nt Order analysis Order correlation Order model based on Order dlffe.ren(.:e Order a single
analysis method method combination combination evaluation

weighting evaluation model method ranking
1 1.07 3 63.31 4 0.90 6 0.52 8 1.03 4 2.22
2 0.12 18 48.67 17 0.78 16 0.54 6 0.33 16 5.56
3 -1.14 28 23.35 29 0.59 31 0.29 26 -1.25 28 2.08
4 -0.13 20 39.87 21 0.68 22 0.37 22 -0.37 21 0.96
5 -0.68 23 32.25 23 0.64 26 0.34 23 -0.80 23 1.50
6 0.07 19 43.55 20 0.69 20 0.44 18 -0.12 20 0.96
7 -1.14 29 24.26 28 0.66 23 0.18 30 -1.30 29 3.11
8 -1.48 32 17.00 32 0.57 32 0.21 28 -1.62 32 2.00
9 0.33 14 52.55 14 0.75 18 0.52 9 0.36 15 3.69
10 1.33 2 71.56 1 1.11 1 0.59 3 1.74 1 0.96
11 0.24 16 51.17 16 0.81 12 0.44 17 0.29 17 2.22
12 -0.96 26 28.83 25 0.63 27 0.32 24 -0.97 25 1.29
13 0.61 11 59.55 6 0.91 5 0.55 4 0.91 6 3.11
14 -0.93 25 28.72 26 0.62 28 0.32 25 -0.98 26 1.41
15 -0.88 24 30.32 24 0.69 21 0.25 27 -0.96 24 2.45
16 0.12 17 44.67 18 0.72 19 0.39 21 -0.12 19 1.71
17 -1.28 31 19.68 31 0.60 30 0.16 32 -1.55 31 0.82
18 -0.35 21 44.10 19 0.83 11 0.45 16 0.05 18 4.35
19 0.62 10 53.17 13 0.86 9 0.41 20 0.45 13 4.97
20 -1.17 30 22.32 30 0.64 25 0.18 31 -1.37 30 2.71
21 1.34 1 68.16 2 0.92 3 0.62 2 1.39 3 0.82
22 -1.01 27 26.63 27 0.65 24 0.20 29 -1.21 27 2.06
23 0.86 5 67.97 3 1.05 2 0.67 1 1.58 2 1.71
24 0.25 15 54.24 12 0.84 10 0.54 5 0.56 12 4.20
25 0.71 7 54.87 11 0.81 13 0.48 14 0.56 11 3.10
26 -0.53 22 33.35 22 0.61 29 0.43 19 -0.63 22 4.24
27 0.72 6 58.23 8 0.86 7 0.50 12 0.73 7 2.63
28 0.56 12 55.92 10 0.80 15 0.52 10 0.58 10 2.36
29 0.66 9 56.48 9 0.80 14 0.51 11 0.60 9 2.36
30 0.94 4 62.52 5 0.91 4 0.53 7 1.02 5 1.41
31 0.46 13 52.44 15 0.77 17 0.48 15 0.37 14 1.63

32 0.66 8 58.27 7 0.86 8 0.48 13 0.69 8 2.71
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Table 4  Correlation analysis of evaluation values of each evaluation model

BET4H A AL
R bt 22 ERIR ik IR REITE ORGSR ik {1 TOPSIS #  HyfH
Pearson FH &1 25U . . . .
. .. Principal component Membership function Grey correlation The TOPSIS model ~ Mean
Pearson correlation coefficient . . -
analysis analysis method method based on combination  value
weighting
N RAYATTTY
_ CRMUMIME 0.988 0.888 0.912 0.929
Principal component analysis
IR BB T
Membership function analysis method 0.988 0.930 0.941 0.953
f) B A N
7)—(@,&%&_}}1‘}?{2& 0.888 0.930 0.836 0.885
Grey correlation method
KT LA AL TOPSIS A7
The TOPSIS model based on combination weighting 0.912 0.941 0-836 0896
S AT RS TR
BARFALFHED 0.979 0.997 0.943 0.953 0.968

Overall difference combination evaluation model

3 HETEMRERHSIHM AL F i
ZEG B SR o AR A 0 K AL 1 1Y
M by
X 5 A 2 S A A VT AR TR A 1) e b
LB MR E T IR Z WA E 15
K AE AR & 5 ASUKAER R X, 7K i s (e
[ - 2,2] MFEMEEESR MR E Y 1
R, VR R a=0.1 BEEKET, HIFRA B E
Ja BRI AR (F, = 3.32 > F 5(13,18)
=2.314):
Y =0.676 - 0.315X, + 0.408X, + 0.583X,
+0.103X, + 0.430X, - 0.364X°
- 0.290X; - 0.154X; + 0.091X;
- 0.185X: - 0.091X,X, - 0.173X X,
+0.173X,X, (5)
L, X, X, X, X, ALX A E KB it )
Wi A = A AUIE & gt (e,
3.1 B—EREMNBFEMEESEFMRMTNT
TR RN AL (5) B9 PR B IEAE S, AT
25 KB PR 0T 3 50 £ 5 5 5 it B 1) 52 e 20z« A AL
JE(Si=1.153) >®(Si=1.081)>%.(Si=0. 876) =/K
(Si=0.822)>#(Si=0.457) , XF[EIAREHRL(5) F47
FEAEAbBE , T IR 00 1 T B9 45 PR K F i Rl Y
oA PR A ] AKCF ) F 8 £ 6 5 7 ol ot 5 K
it A AUA LIS YOG R 2 A R
2 T R Y OC R SN s B iE T 22 5l
PEMCRZMB R4k (K 2), MWK 2 g
ATRVE Y, K IEA & 38 R AR P, HOA B
REZR B A RN, A ALIE By 32 8800 15 F UM A ik

nutrition quality attribute

0o A B IR BT A (E
Evaluations of comprehensive

—2.0

-2 -1 0 1 2
P77 2K S G 4 4

Codes of factor levels

TE:W NP KA M ARUER 7S 1 R 3R ki Sl R
JEFA HUIE &,

Note: W, P, N, K, and M represent irrigation, phosphorus
(P) ,nitrogen(N) , potassium(K) , and Organic fertilizer (M) , re-
spectively.

2 REEEMNEMRGESEF BRI
Fig.2 Effects of experimental factors on comprehensive

nutrition quality of tomato fruit
JIE 5 MK NE A Tt 2R 85 e 7K T B, R0 1Y) 3 2800 9
AN ARTREAC A MLIE ; 76l fod ), K 4
R AA UL R 90 Tk, HLE K & 1Y 11
RN R T it 2 i A AILAE T
32 MEAREMEMESEFMENBEA

32.1 HEKREAEANENERELS TSRS
S s R 3 s, BE K R ET A OO0 R

F5-0.091, AR, BP 3 A EAE B AS 2 ih 25 &
BT, TS KR T 2K b E
it B 1S 0, el 25 5 AR R S RS T
Tew it it A T A 20K, B K SRS,
TREEG B AR BT Ja R
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322 HAFRAEMIEAZSERELSEALRK
aARE L AN 4 s, HE K AT HLIE I AS
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I, ARLE BB R S BT R R
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Fig.3 Coupling effect of W and K on comprehensive

tomato nutrition quality
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Fig.4 Coupling effect of W and M on comprehensive

tomato nutrition quality
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Fig.5 Coupling effect of N and P on comprehensive

tomato nutrition quality
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Table 5 Frequency distribution of factors in 711 plans with comprehensive nutrition quality attribute within —=1.5~-0.5
o X, X, X, X, X,
TR - - ook oo ok - ook
M Twm wE B HE W mE W e R
Times Frequency Times Frequency Times Frequency Times Frequency Times Frequency
-2 123 0.173 134 0.188 115 0.162 137 0.193 117 0.165
-1 159 0.224 155 0.218 172 0.242 141 0.198 148 0.208
0 165 0.232 157 0.221 150 0.211 146 0.205 152 0.214
1 130 0.183 140 0.197 152 0.214 146 0.205 144 0.203
2 134 0.188 125 0.176 122 0.172 141 0.198 150 0.211
At
Total 711 1.000 711 1.000 711 1.000 711 1.000 711 1.000
X -0.010 -0.046 -0.008 0.018 0.087
s 0.042 0.042 0.042 0.044 0.043
95%CI -0.094~0.075 -0.131~0.039 -0.091~0.075 -0.069~0.105 0.001~-0.173
IS *\ 7.
TIRAH 447.9-462.6.0 532.6-581.0 418.0-454.3 712.6-776.9 23.2-24.0

Actual level

TE: x AIECEEIE ;s b2 ;95%CT g 95% AR X [H]

Note: x represents weighted average;s represents standard deviation;95% CI represents 95% confidence interval.
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