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Abstract; In order to explore the comprehensive regulation of growth, yield and quality of cherry
tomatoes by multi-factor coupling of water and fertilizer, the optimal combination of water and fertilizer
factors was obtained. The orthogonal rotation combination design was carried out with the amounts of
irrigation, applied N, applied K, O and applied CaO as test factors, and the multi-level fuzzy evaluation
method was used to comprehensively evaluate the four factors and 14 sub-factors for characterization of
cherry tomatoes’ growth. Finally, the regulation model of water and fertilizer multi-factor on the
comprehensive growth of cherry tomatoes was constructed. The results showed that when other factors
were at the intermediate level, the comprehensive growth of cherry tomatoes showed a linear relationship
with the increase of irrigation amount. With the increase of N application rate, K,O application rate and
CaO application rate, the parabolic relationship of the opening was downward. The interaction had a
negative interaction effect between the amount of irrigation and the amount of K, O application and CaO
application. Among the multi-factor coupling effects, the irrigation, N, K,O0 and CaO coding value were
1.682, 0, -0.744 and -1.223, respectively, which was more conducive to the comprehensive growth
of cherry tomatoes; for different levels of CaO application, the irrigation, N, K,O and CaO coding value
were 1.682, 0.521, 0.071 and -1, respectively, which was most conducive to the comprehensive
growth of cherry tomatoes. Finally, irrigation volume was the amount of water needed to replenish to the
upper irrigation limit of 91.34% ~ 100% , the amount of N applied was 12.26 ~ 13.50 g/plant, the
amount of applied K,0 was 2. 92 ~5. 13 g/plant, the amount of applied CaO was 2. 69 ~4.39 g/plant,
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the multi-level fuzzy comprehensive evaluation value had the optimal interval, which was most beneficial

to the comprehensive growth of cherry tomatoes.

Key words: cherry tomatoes; multi-level fuzzy comprehensive evaluation; water and fertilizer coupling;

comprehensive growth model; calcium
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Tab.1 Experimental factors and codes

£ i ki
X /% X/ 8k Xo/(e R X/ (g bR
-1.682 20 0 0 0
-1 36.22 4.18 1.99 3.99
0 60 10.31 4.92 9.85
1 83.78 16. 44 7.85 15.71
1.682 100 20. 62 9. 84 19.70
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Tab.2 Fertigation design

43 ZES TR TR it FIE
% % % % Fi/(LgR™) F/(e bk Fy/(gtk™) Fo/(s bk

Tl 1 1 1 1 41.28 19.23 19. 69 34.15
T2 1 1 -1 -1 41.28 19.23 5.16 8.77
T3 1 -1 1 -1 41.28 5.08 19. 69 8.77
T4 1 -1 -1 1 41.28 5.08 5.16 34.15
T5 -1 1 1 -1 18. 04 19.23 19. 69 8.77
T6 -1 1 -1 1 18. 04 19.23 5.16 34.15
T7 -1 -1 1 1 18. 04 5.08 19. 69 34.15
T8 -1 -1 -1 -1 18. 04 5.08 5.16 8.77
T9 -1.682 0 0 0 6.77 12.15 12.31 21.38
T10 1.682 0 0 0 57.09 12. 15 12. 31 21.38
T11 0 -1.682 0 0 36.98 0 12.31 21.38
T12 0 1.682 0 0 36.98 24.15 12. 31 21.38
T13 0 0 -1.682 0 36.98 12. 15 0 21.38
T14 0 0 1.682 0 36.98 12. 15 24.62 21.38
T15 0 0 0 -1.682 36.98 12. 15 12. 31 0
T16 0 0 0 1.682 36.98 12.15 12.31 42.77
T17 0 0 0 0 36.98 12. 15 12. 31 21.38
T18 0 0 0 0 36.98 12. 15 12. 31 21.38
T19 0 0 0 0 36.98 12. 15 12. 31 21.38
T20 0 0 0 0 36.98 12. 15 12. 31 21.38
T21 0 0 0 0 36.98 12.15 12. 31 21.38
T22 0 0 0 0 36.98 12. 15 12. 31 21.38
T23 0 0 0 0 36.98 12. 15 12. 31 21.38
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Fig.1 Hierarchical model of cherry tomatoes

FH#E

comprehensive evaluation

2 ZREGM]

2.1 ETEZEREMTHNEREMSGE EKTEN
2.1.1  BOWIPEHA B R 4R i i 1 R A

(1) MR 4k 22 )2 OO DF 40 5 25, 1 e ¥ bk 3%
TR R AR > 4 KK R A KRIER B
Fr i B bR XK BUEE B, 45X 4 R85 SO 5
12 4ahr, BRI R 4

U=iu, ,u,,u,,u,} (1)

()P 2 PARbR gt T 328, IR0 e Uk
TR 14 38) KR T R hs o, i9A R
BRORB R B S 0T R 2R TR KR AR u, 1Y
A RAEY R FOLG E R MRS NP K 55 H
RKTRIEEFR BB v, A 44K C 5 i
BELER & 65 2K T 2R S0 KUK it B8 AR w, A AT I
PEEE A HLIR ] Va1 D W) & i AR R L

@ = fuy, 7u12’u13€

[ ]

[uh = {uzl s Usg 5 Ups ,u24,u25}

1 (2)
gx = {u.%l ,un}

Lul = {u“ s Uygp 5 Uys ,u44f

2.1.2 HELEWEFHEFEAERE
F R R UL E F R A HxF R E 0 AME
Eh,— AV, R FIRE A 23 A0 HL

TR GF . BT 2 2 RBOHITT A R 2 Al 2R A R KOK I G R 4 281
SH 23 PFHE .
V=1V, ,V,,, Vi (3)
vijzﬁvl,vz,---,vﬂ} (4)
2.1.3  Z R UBOMPE A PR 2R AL Y B
(1) AHP %

JZUR AT i CAHP ) J2 A 48 0 A 7] 2 1) 45 2
SEH B B SRR R AR R R Z I
RE WEEDNTHREZ B EEM, &7 X iR
B, ) FH 8 2 ) 2 ) - PR 2R R AT 4T 45, % BU R P rh 4%
FEAR DB — MR 1 ~ 9 SR Lo e, T — 2k
Ao 55 %oF LU P AT 4 2 R B Y — BbE L Bl R bR € <
0. 1 B A hy — BOPEAS 5038 3, i A 4 0B 46 o T 4257
HWRZ - b KB CRICE I W br R
SN N < i PN B Ol R £ i )

Ch.00 0.38 0.41 0.49
u.:%.w 1.00 1.07 1.29%
[2.44 0.93 1.00 1.210]
H.04 0.78 0.83 1.0000

00 0.33 0.17

00 1.00 205

00 5.00 1.000
(500 0.50 2.00 2.00 2.00]
00 3.00

1

1

1

.00 3.00
33 1.00 1.00 1.000]
33 1.00 1.00 1.00=
33 1.00 1.00 1.000]
[1.00

u,, = [0. 50
.50
[0. 50

:ﬂ
I
o o o ~ o HILILL

—_— = = N = OO

u3/. =

0

3.00 1

.00 2.00 O.
0

1

3

S W
S W
[—

W
(e}

0.25

0.204
O

w
w

g. 50 1.00
[2.00 3.00 0.330]
.00 5.00 3.00 1.0000
FIF Yaahp 10. 01 4b# T A F W R A, e & 3K 45
Fed R VB SRR T XUR 4 A — G AR AL
i, BT A S Ok 22 ] 25 R 03k 3 iR .
(2) WAL
FE X PR T 0 BT R R R R A
B, 2% B B R R 5 £, R 0 RGE 21T B B2, LA
I /IN N A R 2R 2 R
TR AL 2 ) R A v AL 5 0 S I (i R BORLE L %
JEEN ZAREAR Z 8] B R, B 22 B A 19 5000 O
ZESE IR A B, A ZOU &5 i O ki
HTHENHEMAE, LR E MR 4 Fix, £
w, KRR BT w,, B T R AR, w3 A B
PR AR wy, R A YR BUEE , w,, Ry A AL
T 1w,y 10, w5 SRR 4 N P K 5 HALE , wy,

U,

ol
(=)



282

g ol Bl ¥ 2019 4

Tab.3 Determination of factor weights based on AHP
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Tab.4 Determination of factor subset weight based on entropy weight method

u, Uy Uy Uy

b3
Uy, Uy, Uy, Uy, Uy Uy Uy Uys s Uy wy, Uy Uy Uy
T1 0.046 0.049 0.037 0.044 0.037 0.045 0.045 0.043 0.050 0.062 0.055 0.045 0.041 0.050
T2 0.046  0.037 0.033 0.044 0.033 0.048 0.044 0.045 0.035 0.050 0.040 0.048 0.035 0.041
T3 0.036  0.047 0.059 0.046 0.051 0.048 0.048 0.041 0.047 0.065 0.050 0.042 0.030 0.045
T4 0.047 0.030 0.037 0.046 0.042 0.046 0.050 0.036 0.046 0.029 0.048 0.045 0.042 0.058
T5 0.050 0.035 0.030 0.050 0.047 0.044 0.045 0.050 0.039 0.027 0.052 0.037 0.035 0.039
T6 0.053 0.034 0.027 0.043 0.062 0.041 0.042 0.044 0.043 0.023 0.032 0.038 0.046 0.041
T7 0.046 0.035 0.036 0.046 0.040 0.045 0.042 0.040 0.037 0.024 0.032 0.039 0.042 0.045
T8 0.037 0.043 0.046 0.055 0.055 0.046 0.040 0.043 0.040 0.042 0.038 0.042 0.046 0.043
T9 0.048 0.036  0.040 0.049 0.038 0.041 0.044 0.049 0.049 0.035 0.032 0.036 0.044 0.048
TI10 0.046 0.040 0.028 0.050 0.039 0.043 0.048 0.043 0.059 0.055 0.036 0.046 0.040 0.050
T11 0.041  0.041 0.084 0.047 0.044 0.047 0.048 0.041 0.040 0.027 0.043 0.042 0.037 0.056
T12 0.057 0.036  0.050 0.030 0.052 0.045 0.044 0.045 0.054 0.026 0.052 0.040 0.048 0.084
T13 0.044 0.040 0.028 0.042 0.047 0.044 0.041 0.046 0.059 0.042 0.045 0.039 0.058 0.053
T14 0.051 0.040 0.032 0.042 0.030 0.044 0.044 0.040 0.055 0.037 0.033 0.041 0.035 0.039
T15 0.052  0.041 0.068 0.051 0.035 0.041 0.047 0.042 0.054 0.050 0.052 0.044 0.027 0.043
T16 0.049 0.041 0.043 0.039 0.017 0.046 0.046 0.047 0.055 0.041 0.048 0.043 0.057 0.041
T17 0.036  0.054 0.046 0.039 0.047 0.041 0.041 0.043 0.034 0.052 0.045 0.047 0.048 0.032
TI8 0.036  0.053 0.045 0.040 0.048 0.041 0.040 0.045 0.034 0.051 0.045 0.047 0.047 0.032
T19 0.036  0.053 0.047 0.039 0.047 0.039 0.040 0.043 0.034 0.052 0.045 0.047 0.048 0.032
T20 0.036  0.054 0.046 0.039 0.048 0.041 0.040 0.043 0.034 0.051 0.045 0.047 0.048 0.032
T21 0.036 0.054 0.046 0.040 0.047 0.040 0.040 0.043 0.034 0.051 0.045 0.047 0.047 0.032
T22 0.035 0.053 0.047 0.040 0.048 0.041 0.040 0.044 0.034 0.052 0.045 0.048 0.048 0.032
T23 0.036  0.054 0.047 0.039 0.049 0.042 0.041 0.043 0.034 0.052 0.045 0.048 0.048 0.032
w,, w,, W Wy, wy, W, Wy, W,y Wy, W wy, w,, W, Wy,

R 0.335 0.105 0.561 0.289 0.505 0.093 0.060 0.052 0.364 0.636 0.210 0.104 0.217  0.469
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Tab.5 Multi-level fuzzy evaluation index and ranking

U

Ay AFHIEEC HEE AP IFHEEEC HEE
Tl 0.0413 16 T13 0.046 7 7
T2 0.0511 2 T14 0.0381 20
T3 0.0440 12 T15 0.046 0 10
T4 0.0419 15 T16 0.040 8 17
T5 0.034 8 22 T17 0.0437 14
T6 0.0395 19 T18 0.0440 12
T7 0.0357 21 T19 0.0457 11
T8 0.029 8 23 T20 0.048 4 3
T9 0.046 6 8 T21 0.046 9 5
T10 0.054 6 1 T22 0.046 6 9
T11 0.0401 18 T23 0.046 9 6
T12 0.0469 4
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Fig.2 Single factor effect analysis of multi-level

comprehensive fuzzy evaluation index
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Fig.5 Response models of comprehensive growth of cherry tomatoes to multi-factor coupling of water and fertilizer
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Fig.6 Response models of multi-factor coupling of water and fertilizer to cherry tomatoes under different CaO application levels
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