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The compound effects of water and fertilizer on yield and
quality of tomato under drip irrigation

DU Qing-jie, LI Jian-ming, PAN Tong-hua, CHANG Yi-bo, LIU Guo-ying, WANG Peng-bo, Zheng Gang
( College of Horticulture, Northwest A&F University , Yangling, Shaanxi 712100, China)

Abstract: Using orthogonal design, the study aims to investigate the effects of irrigation and fertilization on yield
and quality of tomato under drip irrigation. The optimal practices of irrigation and fertilization were proposed according to
the established model of regression relationship between water and fertilizer amounts and yield as well as score of quality.
The quality was graded with analytic hierarchy process (AHP) . The result showed that the established model fitted well
and can be used to analyze the effects of irrigation and fertilization on yield and quality. Impact of water on the yield and
quality was different from that of fertilizer. In the yield model, coefficient of irrigation (0.78, X;), was greater than that
of fertilization (0.35, X,), showing a larger influence of water on yield than that of fertilizer. In the quality model, co-
efficient of fertilization (0.22, X,) was greater than that of irrigation (0.14, X,), indicating a larger influence of fertil-
izer on quality than that of water. The yield and quality of tomato declined in low or high level of water and fertilizer, so
the amount of irrigation water and fertilizer must be managed reasonably. Taking yield and quality into consideration, the
optimum amount of irrigation water was 2 803.36 ~ 3 420.93 m*+hm ™2, and fertilizer amount was 286.01 ~ 334.78 kg
*hm~2, P,05 143.00 ~ 167.39 kg-hm =2, and K,0 286.01 ~ 334.78 kg*hm 2.

Keywords: tomato; drip irrigation; fertilization; yield; quality
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Table 1 Treatments of irrigation and fertilization in this study

Ak ¥R KGR Tt S K4k / (< hm™?) JtE Atk N:P,05: K, 0(kg* hm=?)
Treatments Irrigation coding Fertilization coding Irrigation amount Fertilization amount

! 1 1 4415 441:221:441

2 1 -1 4415 158:79:158

3 -1 1 1585 441:221:441

4 -1 -1 1585 158:79:158

5 ~1.414 0 1000 300:150:300

6 1.414 0 5000 300:150:300

7 0 -1.414 3000 100:50: 100

8 0 1.414 3000 500:250:500

9 0 0 3000 300:150:300
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Table 2  Yield of tomato under different treatments

g KREBE ERRGRE R

Treatments Irigation Fertilization Yield
coding coding  /(10°kg+hm~2)

! 1 1 10.20

2 1 -1 9.22

3 -1 1 8.19

4 -1 -1 7.50

5 —1.414 0 716

6 1.414 0 3.9

7 0 ~1.414 8.8

8 0 1.414 9.60

2 0 0 10.79
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Fig.1 Effect of single factor of irrigation

and fertilization on yield
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Table 3 Quality of tomato under different treatments
Jest] ﬁﬂl@? W2 L T FLLHR ﬁﬁlﬁ?a%r't Ve & ATV TR ) ﬁ?ﬁﬁﬁ?lﬁ
Treatments Organic acid Sugar Hardness Lycopene NO; Ve content SsC Soluble protein
/% /acid /(N+cm™2) /(pgrg™") /(mg-kg™")  /(mg-100g™") /% /pgrg™h)

1 0.19 7.02 18.00 18.96 270.65 28.77 4.34 11.29

2 0.24 7.84 21.24 16.76 285.60 31.45 4.24 14.08

3 0.29 9.13 26.46 13.66 370.52 33.98 5.60 13.46

4 0.34 7.96 25.97 13.43 263.86 47.48 5.61 17.88

5 0.33 11.22 27.22 27.23 341.76 41.51 5.13 10.27

6 0.21 7.78 20.63 26.26 304.85 27.56 5.11 12.88

7 0.22 6.18 21.61 9.89 253.44 29.38 4.84 16.96

8 0.27 8.79 23.47 28.02 406.30 28.52 4.93 12.63

9 0.18 9.38 20.69 29.56 293.52 32.72 4.50 12.46
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Table 3 Comprehensive assessment hierarchical chart

F4 FIEEEBRRE - ENE-—HHERERNER
Table 4  Consistency check of objective-criterion

layer and weight

x5 AEEEOBRRR - FENUE-HMHRERNER
Table 5 Consistency check of flavor quality-sub-criterion

layer and weight

DR R BT R H R 5T AHLER FEBR L T g &
i H Ttem Flavor Nutritional ;}Xi Flavor quality Organic acid Sugar/acid  Hardness ~ Weight
. . eight
quality quality LR Organic acid 1 1 2 0.4
&S5 Flavor quality 1 1 0.5 BHIR LY Sugar/acid 1 1 2 0.4
3T Nutritional quality 1 1 0.5 B Hardness 12 12 ! 0.2
Awax=3.0,C1=0,RI=0.58, CR=0
H:Amx=3.0,C1=0,RI=0.58, CR=0
*o6 FIMEEEFRRR - FANE—BERERINER
Table 6 Consistency check of nutritional quality-sub-criterion layer and weight
E=E i3 TE AR FALLR 4EEZR C AR TEETEY) AR TEE N I
Nutritional quality NO; - Lycopene Ve SSC Soluble protein Weight
TR R NO;~ 1 3 3 4 5 0.432
FHILLE Lycopene 173 1 2 4 5 0.256
i3 C Ve 1/3 172 1 3 4 0.176
P EREEY) SSC 174 174 173 1 3 0.088
A[FPEZE A Soluble protein /5 1/5 1/4 1/3 1 0.049
Amax=5.281,C1=0.07,RI=1.12,CR =0.06
x71 BRMREGRENE
Table 7 Final weight of quality
EHDIE g 2 A LR WL LE Tz FILLR TR iR C ATV TEETEY) VAR A
Quality Organic acid ~ Sugar/acid Hardness Lycopene NO; - Ve SSC Soluble protein
FE Weight 0.200 0.200 0.100 0.128 0.216 0.088 0.044 0.024
2.3 KIEBERREGEENEIUMEBEMNEST KRBT .
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Table 8 Score of comprehensive quality under different treatments

FF5 AHLER BB LL T e FMLLER flAREE Ve @t AIETEREEY TR A Bar
Number  Organic acid Sugar/acid Hardness Lycopene NO; - Ve content SSC Soluble protein Score
1 1.85 0.33 0.00 0.59 1.92 0.05 0.03 0.03 4.80
2 1.23 0.66 0.35 0.45 1.70 0.17 0.00 0.12 4.69
3 0.60 1.17 0.92 0.25 0.51 0.28 0.44 0.10 4.26
4 0.00 0.71 0.86 0.23 2.01 0.88 0.44 0.24 5.37
5 0.12 2.00 1.00 1.13 0.91 0.61 0.28 0.00 6.06
6 1.60 0.63 0.29 1.07 1.43 0.00 0.28 0.08 5.38
7 1.50 0.00 0.39 0.00 2.16 0.08 0.19 0.21 4.54
8 0.85 1.04 0.59 1.18 0.00 0.04 0.22 0.08 4.00
9 2.00 1.27 0.29 1.28 1.59 0.23 0.08 0.07 6.82
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Fig.4  Effect of single factor of irrigation
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Fig.5 Effect of coupling of irrigation and

fertilization on quality
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Table 9 Errors analysis of yield and comprehensive quality score model of irrigation and fertilization coupling
7/ (10* kg hm™2) L ST S
KR SR ot I A ( Yield Comprehensive quality score
Irrigation coding Fertilization coding S KB S KB
0BS SIM OBS SIM
1 1 9.66 9.90 4.19 4.84
1 0 9.68 10.23 6.59 6.08
1 -1 9.09 9.06 4.18 4.66
0 1 10.46 10.39 4.49 5.27
0 0 10.63 10.79 6.91 6.82
0 -1 10.19 9.69 6.07 5.7
-1 1 7.83 8.20 3.97 4.50
-1 0 8.12 8.68 6.86 6.36
-1 -1 7.79 7.65 4.55 5.56
MWXERE/ % R 90.38 87.75
A TRk 2E RMSE 0.35 0.59
XS ERIE/ % RE 3.78 11.24

T3 : OBS Jgia it — 00 52 {2 ; SIM AR PR A 03 g R 400 (2

Note: OBS was the measurement value of experiment 2; SIM was the simulation value of model.
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