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Table 1 Levels of experimental factors and their codes

R K= AR BT K K 4ii Variable levels and their codes
Experimental factor 2 -1 0 1 2
#EJK & X, Irrigation amount/mm 282 369 456 543 650
Wi %= X, N fertilizer rate/(kg - hm?) 0 285 570 855 1140
T & X, P fertilizer rate/(kg-hm?) 0 219 438 657 876
Jili 88 X, K fertilizer rate/(kg - hm™?) 0 369 738 1107 1476
A HLAE X, Manure rate/(t- hm2) 0 12 24 36 48

A 9 BIE R BLAEN L P,05 K00t .

Note: The amount of nitrogen, phosphorus and potassium fertilizer is calculated as pure N, P,O; and K,O.
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Table 2 Optimal combination of water and fertilizer under different targets for optimization

.4k B 5 Target for optimization

I /K IEJH £ Optimal irriga-

tion and fertilizer amount [ AP AR B A E R HSITEARS #ehxm C BEIE L
Yield Soluble sugar Soluble solids Titratable acid Lycopene Vitamin C Sugar acid ratio
L AR 369 456 369 369 456 456 456
Irrigation amount /mm
N fertilizer rate /(kg- hm?) 285 570 855 855 570 570 570
i
P fertilizer rate/(kg-hm?) 249 738 657 657 876 876 738
B
K fertilizer rate/(kg - hm?) 369 876 369 369 738 738 438
HHUEFH = 36 ” 2 g 9 s .

Manure rate/(t-hm?)
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Table 3 Results of single evaluation model on yield and quality of tomato
LA S T R X T R o
i Tl Nenbebi b Gl s 70nsts bt oncom: 51
7 bined weighting(TOPSIS-CW)  Standard
e VEA 4 PEA 4 VRO 4 VEA(E 4 jff;‘lz‘i’l‘fg
Evaluation value Ranking Evaluation value Ranking Evaluation value Ranking Evaluation value ~ Ranking
1 0.76 7 57.76 12 0.85 8 0.39 22 6.85
2 -0.23 21 43.33 19 0.73 21 0.33 25 2.52
3 -1.14 29 23.72 29 0.62 29 0.32 27 1.00
4 -0.13 20 40.36 21 0.72 22 0.44 19 1.29
5 -0.95 27 27.65 27 0.63 28 0.24 30 1.41
6 -0.02 18 41.87 20 0.74 20 0.42 21 1.26
7 -1.08 28 27.33 28 0.64 27 0.33 26 0.96
8 -1.50 32 18.62 32 0.59 32 0.27 29 1.50
9 0.32 16 52.14 16 0.80 17 0.55 16 0.50
10 1.19 1 70.92 1 1.00 2 0.59 12 5.35
11 0.47 13 56.22 13 0.83 4 0.64 8 2.71
12 -0.85 25 31.40 24 0.65 25 0.43 20 2.38
13 0.54 12 58.57 10 0.84 13 0.51 17 2.94
14 -0.90 26 29.66 26 0.65 26 0.38 24 1.00
15 -0.76 23 36.12 23 0.69 24 0.48 18 2.71
16 0.40 14 52.58 15 0.84 12 0.66 5 4.51
17 -1.29 31 20.36 31 0.59 31 0.21 31 0.00
18 -0.10 19 49.76 17 0.81 15 0.57 14 2.22
19 0.26 17 46.87 18 0.78 18 0.29 28 5.19
20 -1.28 30 21.81 30 0.61 30 0.17 32 1.00
21 1.14 2 64.78 3 0.93 3 0.56 15 6.18
22 -0.62 22 37.05 22 0.74 19 0.58 13 4.24
23 1.01 3 70.61 2 1.03 1 0.77 1 0.96
24 0.39 15 58.85 9 0.85 7 0.69 4 4.65
25 0.78 6 57.85 11 0.85 11 0.62 10 2.38
26 -0.76 24 31.25 25 0.71 23 0.39 23 0.96
27 0.70 9 60.75 7 0.85 9 0.62 9 1.00
28 0.69 10 60.29 8 0.85 10 0.70 3 3.30
29 0.81 61.57 6 0.87 5 0.71 2 1.73
30 0.88 4 63.73 4 0.87 4 0.62 11 3.50
31 0.55 11 56.07 14 0.81 16 0.64 7 3.92
32 0.71 8 61.97 5 0.86 6 0.66 6 1.26

4 B—IFMEEFF{ER Kendall 1HX R
Table 4 Kendall correlation coefficient of single evaluation
model sequence values

T HfH
Method PCA MFA  GRDA  TOPSIS-CW Mean value
PCA 0.907 0.879 0.569 0.785
MFA 0.907 0.915 0.613 0.812
GRDA 0.879 00915 0.633 0.809
TOPSIS-CW  0.569  0.613 0.633 0.605
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Table 5 Results of combined evaluation model on yield and quality of tomato

%’T‘?&%%%Zﬁﬁﬁmmﬁ Borda é’ﬁ.ﬁﬂzmﬁ EQ. Copeland éﬁﬁﬁm*ﬁﬂ HLH Borda 2ﬁ%ﬂz.ﬁl\ﬁ§g HE2 b 2

ﬂ‘j@ Combined eva-luatlon model based on Borda combined evaluation CoPeland combined Fuzz?f Borda combination Standard devi-

=2 overall difference(ODCA) model(Borda) evaluation model(Copeland)  evaluation model(Fuzzy Borda) ation of rank-
No. PO E 4 PEOME i PEOME 4 PEOME =4 ing

Evaluation value Ranking Evaluation value  Ranking  Evaluation value  Ranking  Evaluation value Ranking
1 0.44 15 10 18 5 15 242.58 11 2.87
2 -0.46 22 6 25 -11 22 66.03 22 1.50
3 -1.31 29 3 28 -23 28 9.24 29 0.58
4 -0.35 21 9 19 -7 20 74.05 21 0.96
5 -1.28 28 2 29 -24 29 11.34 28 0.58
6 -0.28 19 8 20 -7 19 83.25 20 0.58
7 -1.18 27 4 26 -21 27 14.61 27 0.50
8 -1.64 32 0 32 -28 30 2.79 30 1.15
9 0.32 16 14 14 1 16 132.71 17 1.26
10 1.39 2 20 5 20 4 430.71 2 1.50
11 0.62 11 17 9 13 12 216.48 14 2.08
12 -0.87 25 7 23 -12 23 47.77 24 0.96
13 0.52 14 14 15 6 14 197.93 15 0.58
14 -0.98 26 6 24 -17 26 26.08 26 1.00
15 -0.61 23 8 21 -9 21 64.41 23 1.15
16 0.60 13 17 10 14 11 235.55 12 1.29
17 -1.62 30 0 30 -29 31 1.00 32 0.96
18 0.22 17 12 16 1 17 135.37 16 0.58
19 -0.19 18 4 27 -12 24 96.93 19 4.24
20 -1.62 31 0 31 -29 32 2.48 31 0.50
21 1.06 3 17 12 17 7 386.35 4 4.04
22 -0.30 20 10 17 -2 18 112.37 18 1.26
23 1.64 1 29 1 29 1 473.59 1 0.00
24 0.76 9 17 11 15 10 294.40 8 1.29
25 0.76 10 17 8 15 9 270.51 10 0.96
26 -0.78 24 7 22 -13 25 39.13 25 1.41
27 0.79 8 18 7 15 8 289.12 9 0.82
28 0.88 7 21 19 5 316.28 7 1.50
29 1.02 4 26 25 2 395.11 3 0.96
30 0.94 5 19 18 6 364.15 5 0.58
31 0.62 12 16 13 12 13 223.57 13 0.50
32 0.89 6 21 3 20 3 344.75 6 1.73
AT 1 B — i 1 faras
RO ATRARES B F IR Spearman TR gt 15 5 AR E X MG L2, 200X R R, 5

Table 6 Spearman rank correlation coefficient between
combined evaluation model and the sequence
values of single evaluation model

14 R 1
Cor;%izjf model PCA MFA  GRDA  TOPSIS-CW Mej?flalue
ODCA 0.97 0.988 0.981 0.866 0.951
Borda 0.896  0.920 0.915 0.947 0.920
Copeland 0.943  0.965 0.96 0.919 0.947
Fuzzy Borda 0.968  0.983 0.99 0.868 0.952

7 Spearman FRIEXAYERFNL

Table 7 Post-test of Spearman rank correlation coefficient

&R Combined model t
ODCA 16.84
Borda 12.82
Copeland 16.08
Fuzzy Borda 17.07
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Table 8 Analysis of variance on regression of fuzzy Broda
combination evaluation value

A SRR 7RI A Yo7
Source of Sum of Degree of Mean F P
variation square freedom square
X, 51936 1 51936 12.4 0.005
X, 24 866 1 24 866 5.9 0.03
X, 48 031 1 48 031 115 0.006 1
X, 3300 1 3300 0.8 0.3937
X, 106 340 1 106 340 25.4 0.000 4
X2 139 456 1 139 456 33.3 0.000 1
X2 158 770 1 158 770 37.9 0.000 1
X2 16 415 1 16 415 3.9 0.07
X2 2935 1 2935 0.7 0.42
X2 65 605 1 65 605 15.7 0.002
X, X, 35 1 35 0.008 0.93
X, X, 392 1 392 0.09 0.77
XX, 2030 1 2030 0.48 0.50
XX, 14 677 1 14 677 3.50 0.09
XX, 17 112 1 17 112 4.09 0.07
XX, 109 1 109 0.03 0.87
XX, 4947 1 4947 1.18 0.30
XX, 71 1 71 0.02 090
XX, 5694 1 5694 1.36 0.27
XX, 3219 1 3219 0.77 0.40
[7] )5 Regression 617 987 20 30 899 7.38 0.001
% 4% Residue 46 068 11 30 899
Al Lack of fit 27 625 6 4188 1.25 0.35
1R % Residue 18 442 5 4 604
ST Sum 664 055 31 3688
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Fig.1 Effect of each single factor on evaluation value
of tomato quality and yield
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{EAE-250~-150 [R5 4 I3 A K MR BRUE S 75 15 KB
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ST R 1055 s K BE P s LA < R RE K AT LIE &
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Table 9 Frequency distribution estimated value of tomato yield and quality varying from -250 to -150 among 450 scenarios for
each factor level

X, X, X, X, X,
K Levels. AL i V&4 SIES RH i Vi LIRS RH Pl
Times Frequency Times Frequency Times Frequency Times Frequency Times Frequency
2 70 0.156 120 0.267 85 0.189 90 0.200 115 0.256
-1 75 0.167 100 0.222 125 0.278 90 0.200 110 0.244
0 50 0.111 60 0.133 55 0.122 90 0.200 80 0.178
1 105 0.233 60 0.133 105 0.233 90 0.200 80 0.178
2 150 0.333 110 0.244 80 0.178 90 0.200 65 0.144
47l Total 450 1 450 1 450 1 450 1 450 1
95%CI 0.3102~0.534 -0.251~-0.01 0.174~0.041 0.108~0.108 -0.394~-0.18
KPR

488.3~508.7 mm 498.4~565.6 kg-hm?

Actual levels

399.7~447.1 kg-hm™

698.1~777.9 kg-hm? 19.3~21.8 t-hm?

1 95%CI20 95% F A7 X ] .
Note: 95%CI represents 95% confidence interval.
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Response of tomato yield-quality evaluated by fuzzy Borda combined
model to irrigation and fertilization supply

Hu Tiantian, He Qiong, Hong Xia, Liu Jie, Li Hongxiang, Feng Puyu, Wang Li, Yang Shuohuan
(Key Laboratory Soil and Water Egineering in Arid and Semiarid Areas, Ministry of Education,
Northwest A&F University, Yangling 712100, China)

Abstract: The combination evaluation method is widely used in many fields, while rarely in agriculture, especially in the management of
water and fertilizer supply in tomato plants. This study was to establish a combined evaluation model of tomato yield-quality and to ex-
plore its response to water and fertilizer supply. Tomato were grown in greenhouse from Sep. 2014 to Jul. 2015 in Yangling, Shaanxi,
China (108.07 °E, 34.26 °N). The experiment was designed based on a 5-D quadratic rotation combination with factors including irriga-
tion amount, nitrogen fertilizer rate, phosphorus fertilizer rate, potassium fertilizer rate and manure rate, resulting in 32 treatments. To-
mato yield and quality parameters, i.e. the content of soluble solid, soluble sugar, titratable acid, lycopene, vitamin C in tomato fruit and
ratio of sugar to acid were determined. Tomato yield and quality were comprehensively evaluated by principle component analysis
(PCA), grain regression analysis (GRDA), membership function analysis (MFA) and technique for order performance by similarity to
ideal solution model based on portfolio weighting (TOPSIS-CW). After then, Kendall-W concordance coefficient pre-test was conduct-
ed, and 4 combined evaluating models for tomato yield-quality was established using the methods of Broda, Copeland, fuzzy Borda and
combined evaluation method based on overall difference, respectively. Spearman level correlation coefficient test method was used to
test the above 4 combined evaluating methods for post-test. The result showed that the rank of the comprehensive value for the experi-
ment treatments was inconsistent among 4 single evaluation methods, and the standard deviations of the ranking values varied from 0 to
6.85. However, the correlation coefficient between the evaluation value of each single model and the other 3 varied from 0.605 to 0.812,
indicating a certain correlation between the results of single models existed. Additionally, pre-test was passed with high Kendall-W con-
cordance coefficient (0.916) showing the 4 methods were of compatibility. Post-test indicated that ranking values of the 4 combined
evaluating models were in good correlation with that of the 4 single evaluation methods (with correlation coefficients 0.920-0.952), es-
pecially for fuzzy Broda combined evaluating model. Furthermore, mathematical model between tomato yield-quality comprehensive in-
dex and amount of irrigation and fertilization supply was established. The main effect of each factor and coupling effect of 2 factors
were analyzed. By calculating the amplitude of the function, the importance of each factor to the comprehensive value was well illustrat-
ed. The influence of nitrogen fertilizer (evaluation value 155.90) on the comprehensive value was top-drawer, followed by irrigation
(evaluation value 154.36), manure fertilizer (133.79), phosphorus (evaluation value 92.95) and potassium fertilizer (evaluation value 0).
The comprehensive value changed as downwards parabola with the increased rate of irrigation, nitrogen, phosphorus or manure fertiliz-
er, while was not affected by potassium fertilizer rate. Additionally, negative interaction between irrigation and manure fertilizer (with
interaction coefficient -30.29), and positive interaction between nitrogen and phosphorus fertilizer (with interaction coefficient 32.70)
were observed, showing evaluation value increased then decreased by the increased rate of manure fertilizer irrespective of irrigation
amount, indicating excessive amount of irrigation was not beneficial to the enhancement of tomato yield-quality comprehensive value,
but reasonable application of manure fertilizer, nitrogen and phosphorus fertilizer could promote the comprehensive yield and quality. In
this study, tomato yield and quality were expected to be superior when the amount of irrigation, manure fertilizer, nitrogen, phosphorus
and potassium fertilizer were 488.3-508.7 mm, 19.3-21.8 t/hm?,498.4-565.6 kg/hm?,399.7-447.1 kg/hm” and 698.1-777.9 kg/hm?, respec-
tively. It is still a scientific problem to be worthy further studied to establish a proper evaluation model to assess and guide the manage-
ment of water and fertilizer application in tomato production by selecting appropriate evaluation indices. The results from the combined
evaluation model in this study provide novel knowledge for integrated assessment of water and fertilizer effect in tomato production
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