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Effect of water and fertilizer on yield, quality and
water use efficiency of tomato

ZHANG Jun, LI Jianming,ZHANG Zhongdian,
HUANG Hongrong,PAN Tonghua,FAN Jie

(College of Horticulture s Northwest A& F University ,Yangling , Shaanzi 712100, China)

Abstract: [Objective] This study aimed to optimize integrated water and fertilizer management system
for tomatoes. [Method) “Jinpeng No. 1” tomato was used as test materials. On the basic irrigation and fer-
tilizing total amounts (irrigation 2 518. 74 m®/hm*, N 542. 58 kg/hm?*, P,O; 206. 30 kg/hm?’, and K,O
940. 03 kg/hm?*) ,5 treatments including T1 (middle water and middle fertilizer) , T2 (middle water and low
fertilizer) , T3 (middle water and high fertilizer) , T4 (low water and middle fertilizer) ,and T5 (high water
and middle fertilizer) were set with 30% increase or decrease in irrigation and fertilizing amount. Using fur-
row irrigation as control, the influence of different irrigation and fertilizer on yield, quality and water use ef-
ficiency of tomato was investigated. Fuzzy comprehensive evaluation method was also used to comprehen-

sively evaluate quality, yield and water use efficiency with the integration of objective and subjective
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weights. [Result] Tomato yield increased firstly and then decreased with the increase of irrigation and fer-
tilizer amounts. With the increase of irrigation, water use efficiency decreased, and reasonable fertilization
was beneficial to the increase of the water use efficiency. The comprehensive quality of tomato was high
with middle water and middle fertilizer or low water and middle fertilizer, while too much of water and fer-
tilizer caused the decrease of quality of tomato. The general performance of T1 was best with highest yield
of 130. 80 t/hm’,good quality,and high water use efficiency of 51. 90 kg/m?®. Comparing with furrow irri-
gation, the yield and water use efficiency of T1 increased by 13. 34 % and 121. 23%. [Conclusion) The opti-

mal irrigation and fertilizing amounts for tomatoes under the integrated water and fertilizer management

were irrigation 2 518. 74 m®/hm?*,N 542. 58 kg/hm?*,P,0; 206. 30 kg/hm*,and K,O 940. 03 kg/hm?*.

Key words:integrated water and fertilizer management;yield of tomato;quality of tomato;water use ef-

ficiency; comprehensive evaluation method
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Table 1 Integrated water and fertilizer management for tomato in different periods in 2013
3 =N = . -2

Irrigation amount N K,0O
T Seedling stage 8§~25 134.93 69. 57 85. 46
JFAE AL S Blossoming and bearing fruits stage 26~45 359.82 139.13 205. 10
ZE W] Fruiting early stage 46~65 719. 64 167.02 239. 28
45 B %] Fruiting prosperously stage 66~120 1 304. 35 167.02 410. 19
44 FH ] Whole growth period 2 518.74 542.58 940. 03

TEBEAL P2 Os JH 42 206. 30 kg/hm?  VEREALHE A - UM A4 I BE K G A o

Note: P> 5 amount of 206. 30 kg/hm? was applied as base fertilizer. Nitrogen and potassium fertilizers are applied with watering.
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Table 2 Water and fertilizer treatment schemes for tomato in this experiment

HE W = Qb G5 K2 A& HEK =/ ﬁfﬁﬂﬂi%"/fkg *hm™)
Irrigation Treatment Combination of (m® « hm™?) Fertilizing amount
method number irrigation and fertilizer Irrigation amount N P,0, K,0O
T1 F1k 1A Middle water and middle fertilizer 2 518.74 542.58 206. 30 940.03
. T2 KR AE Middle water and low fertilizer 2 518.74 379.76 144. 38 658.02
W T3 K 58 Middle water and high fertilizer 2518, 74 705.40  268.22 1 222.04
Drip irrigation
T4 /K A Low water and middle fertilizer 1763.12 542.58 206. 30 940. 03
T5 FE /KB High water and middle fertilizer 3 274. 36 542.58 206. 30 940.03
ik CK 4919, 94 542.58  206.30  940.03

Furrow irrigation

T - BRAC AR AL A U A0 B0 IE B K A

Note: Phosphorous P;Os is applied as base fertilizer, nitrogen and potassium fertilizer are applied with watering.
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Table 3 Effect of different water and fertilizer treatments on yield and water use efficiency of tomato

ERTSIES T /G b ) FAHE (o hm 5 KA AR (kg - m )
Irrigation method Treatment Yield Irrigation amount Water use efficiency
T1 130. 80 a 2 518.74 51.90 b
N T2 118.90 cd 2 518.74 47.18 ¢
A T3 127.50 ab 2 518. 74 50.58 b
Drip irrigation
T4 94.70 e 1763.12 53.70 a
T5 123.70 be 3 274. 36 37.76 d
VWHE Furrow irrigation CK 115.40 d 4 919. 94 23.46 e

T« [ S BOR R AN F/NG FRER IR 0,05 KT 22 5 B35 5 T K.

Note: Different small letters in each column mean significant difference at P=0. 05. The same below.

2.3 AR[E 7K BB X An BT A g
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RS & TE AR AN R 4 Fin, R4 450 KW,
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CK A B AT 35 1 ] W) 5 £ s L Al Ak BEAT T 4 55
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Table 4 Effect of different water and fertilizer treatments on single quality index of tomato

RETo . i sk > N R % 1 =4 2y i i /Ltl’\
HE 77 5 wm e, ey TEER e Baiax,  Omd/
R Y1/ % (mg+g b ' . Ve/ | (pgeg b
Irrigation J Soluble : Sugar acid (pgeg b .
Treatment Soluble . Soluble . (mgeg b Nitrate
method . acid ratio Lycopene .
solid sugar nitrogen
T1 5.60 b 0.64 b 42.66 b 6.67 a 69. 58 bc 55.73 b 265.22 e
e T2 5.50 b 0.56 ¢ 37.78 ¢ 6.74 a 67.59d 42.07 ¢ 259.46 f
Drip T3 5.70 b 0.72 a 44,82 a 6.23 b 59. 14 e 39.89d 343.72 d
irrigation T4 5.60 b 0.61b 38.00 ¢ 6.23 b 80.29 a 63.10 a 388.63 ¢
TS 6.40 a 0.70 a 38.42 ¢ 5.49 ¢ 68. 44 cd 36.76 e 444.93 a
ik CK 6.50 a 0.63 b 32.96 d 5.27 ¢ 70.04 b 33.45 1 409.45 b

Furrow irrigation
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Table 5 Weight of single quality index of tomato
f8 b5 H H WAL EWAL T LR B RUE
Index ' Objective weight Subjective weight Integrated weight
M JEY) Soluble solid 0.677 7 0.150 1 0.17 0.177 9
AR PERR Soluble acid 0.845 5 0.140 5 0.07 0.068 6
T Soluble sugar 0.857 7 0.139 8 0.12 0.117 0
BERR I Sugar acid ratio 0.829 5 0.141 4 0.10 0.098 6
Ve 0.862 0 0.139 6 0.18 0.175 2
F 4L & Lycopene 0.752 6 0.145 8 0. 20 0.203 4
i li2 £F Nitrate nitrogen 0.807 7 0.142 7 0.16 0.159 2
x6 AEAKELEEMNESRRIERF
Table 6 Rank of integrated quality of tomato in different water and fertilizer treatments
AR TRE EATRTURE
e O HE 2z A HE
Ab ¥ Optimal membership c ;j: :'ﬁf:?l . hb F Optimal membership C : nﬁF?‘ .
Treatment degree of comprehensive -omprenenstve Treatment degree of comprehensive omprenensive
o ranking . ; ranking
evaluation evaluation

T1 0.662 5 1 T4 0.640 8 2

T2 0.384 9 3 T5 0.329 2 4

T3 0.287 1 6 CK 0.315 1 5
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Table 7 Index weight of different water and fertilizer treatments for comprehensive evaluation of tomato

L RAEER AN o WA E F A E ZRa

Evaluation index ! Objective weight Subjective weight Integrated weight
Fei Yield 0. 887 4 0.307 9 0.5 0.465 5
254 i it Comprehensive quality 0.683 6 0.3825 0.3 0.347 1
IK 4R B % Water use efficiency 0.882 2 0.309 7 0.2 0.187 4

®8 FAEAKEBREBFMEZAUEHF

Table 8 Rank of comprehensive benefits of different water and fertilizer treatments of tomato

LRI IR LAV I JE
e O HE 2z A HE
Ab ¥ Optimal membership c ;j: Tﬁfz?l . Ab F Optimal membership c : niFT‘ .
Treatment degree of comprehensive -omp Lk.Q sve Treatment degree of comprehensive © prck_c stve
evaluation rankne evaluation ranking
T1 0.999 7 1 T4 0.395 6 5
T2 0.5827 3 T5 0.568 8
T3 0.628 1 2 CK 0.288 1
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