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Introduction

Being vulnerable to food shortage, tomatoes are dependent on nitrogen fertilizer for their growth
and crop Yyields (Zomorrodi, 2006). In effect, there is a close relationship between the amount of
nitrogen fertilizer consumed and the accumulation of nitrate, which poses a threat to consumer
health (Mousavi Fazl, 2005). The accumulation of nitrate in tomatoes has a considerable negative
effect on its quality and increase the amount of toxic substances in tomatoes (Malakuti et al.,
2005). The results of many studies show that the appropriate combination of nitrogen fertilizer
treatments and the irrigation regime in such a way that the plant encounters a certain level of
water stress during a particular period or throughout the growing season may lead to the
maximum efficiency of water usage in the plant (Bagheri et al., 2016). Zomorrodi (2006)
examined the effect of deficit irrigation on the quantitative and qualitative characteristics of
tomatoes. The results showed that the effects of irrigation water on vitamin C, acidity and soluble
solids were significant. Khorramian (2015) also studied different levels of drip irrigation with the
supply of 40, 70 and 100% water requirement on the yield and water use efficiency in tomatos.
The findings of this study showed that maximum yield was obtained from drip irrigation with
100% water level, while 40% water level treatment had the highest water use efficiency.

Materials and Methods

In order to investigate the effects of irrigation water and Nitrogen fertilizer on the quantity and
quality characteristics of tomatoes under drip irrigation, a two-year field experiment was
conducted in the Agricultural and Natural Resources Research Center of Semnan province
(Shahrood). This experiment was based on the complete block randomized design with two
factors and four replications. Treatments were irrigation water at four levels (40, 60, 80 and 100
percent) and N fertilizer at three levels (60, 80 and 100 percent). Irrigation water requirement
was, then, determined by Penman Monteith method and a 3-day irrigation period.

Results and Discussion

The combined analysis of two years data showed the significance of the main and interaction
effect of water and nitrogen fertilizer on the crop yield. The highest yield was obtained from the
water level of 100% (83.6 t / ha), while the lowest yield was obtained from 40% water treatment
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(33.8 t/ ha). Regarding the interaction effects of the factors, the highest yield was obtained from
the 80% water and 60% fertilizer treatment (89.4 ton / ha). Indeed, the highest water use
efficiency was obtained from the 80% water and 60% fertilizer treatment (15.8 Kg per cubic
meter water per hectare) and its lowest value from 60% water and 80% fertilizer treatment (9.8
Kg per cubic meter water per hectare). In turn, the factors of water and nitrogen fertilizer and
their interaction on acidity were not effective. Besides, the results showed that brix in both of the
experiment years was affected by the irrigation water treatments. In the combined analysis of the
data, this parameter was significant at 1% level. Increasing the amount of water level in the
treatments led to a decrease in the brix of the fruit. The results of combined analysis of data
showed that the effect of irrigation water treatments on water-to-fruit flesh ratio was significant at
1% level and by decreasing water consumption, this ratio decreased. The results of the
experiment showed that the effect of irrigation water treatments on the size and average weight of
the fruits were significant at 1% level. In turn, water levels of 100% and 80% had bigger fruits
than other irrigation treatments. The results of analysis of samples in different treatments and
statistical studies indicated that the effects of irrigation water, nitrogen fertilizer and their
interaction on the nitrogen accumulation of fruits were significant at 1% level. As the water
increased, nitrate accumulation in the fruit decreased, while with regard to nitrogen fertilizer use,
the amount of nitrogen accumulation increased with increasing nitrogen fertilization. The
minimum amount of the fruit nitrate obtained in this study was 105.3 to 138.8 ppm. However, the
nitrate limit for tomato in developed countries has been set at 120-10 ppm (Khoorgh, 2000). The
results indicated that the factors of water and nitrogen fertilizer did not affect vitamin C, but their
interaction on vitamin C was significant at 5% level.

Conclusion

According to the results of this study, the main and mutual effects of water and N fertilizer on
the yields and quality characteristics of tomatoes, such as nitrogen accumulation, brix, pH, and
vitamin C were significant. The maximum yield (89.4 ton/ha) and water efficiency (15.8
kg/m3.ha) was obtained from 80% water at 60% nitrogen treatment, which was selected as the
best treatment. Due to the water scarcity and its value, 80% water level and 60% nitrogen
fertilizer are recommended as a superior treatment for the sustainable production of healthy
products. In this study, water stresses in the treatments (40, 60 and 80% water requirements) were
continuously applied during the growing season, and its application in different stages of the
plant growth can lead to different results.
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Table 1 -Chemical and physical characteristics of Soil

parameters Depth of soil (cm)
30-60 0-30
1. Soil texture Loam Loam
a. Sand 45 45
b. silt 34 32
c. clay 21 23
2. Specific gravity (gr/cm3) 1.59 1.46
3.Weight moisture in field 19.7 20.7
capacity (/)
4. moisture content at wilting 9 9.5
point (/)
5. acidity (pH) 7.8 7.9
6. ECof saturated soil (dS/m) 1.3 1.4
7. Nutrients
A. Absorbable Potassium (p.p.m) 360 150
b. Absorbable Phosphorus (p.p.m) 12 16
Phosphorus
c. Total Nitrogen (%)
0.05 0.05
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Table 2- Chemical characteristics of irrigation water

Ec pH SAR (meg/lit
(ds/m) Ca>*+Mg? Na- K* Cl SO/  Hcos +Cos*
1.151 8.1 2.1 5.6 3.5 - 5.2 0.92 2.98
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Table 3- Variance analysis (two year results)

average
parameters Degree of
of squares
freedom
yield pH BRX  Water  vitamin Fruit Number Fruit
ratio c nitrate  of fruits Weight
year (y) 1 42.29**  222.2** 222  46.4** 1.93* 2.8 180** 11.1%*
Error 6 291 1.59 246 3.27** 5.23 10.8 4.6** 21
water 3 113.4** 0.84 18**  7.1** 0.93* 4.8** 24.6** 12.23**
treatment (A)
year * water 3 16.40** 2.1 11 4.60** 233 1.4* 31 1.22
(A*y)
nitrogen 2 7.51 1.52 0.28 0.33 1.9* 8.5** 2.83 0.27
treatment (B)
year * nitrogen 2 0.98 0.60 2.09 0.24 213 428 0.11 0.28
(A*y)
(A*B) 6 4.28** 1.01 1.81 1.95 2.83* 8.2* 2.56 1.01
(A*B)*y 6 2.62* 0.47 1.21 1.35 6.33 1.8 0.72 0.26
Error 66
Coefficient of 16.57 3.83 12.43 275 29 23.8 255

variation (CV)

**: Significant difference at 1%

: Significant difference at 5%
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Table 5 - Effect of irrigation water on the yield

irrigation water yield(ton/ha)
rank
1 Wigo 83.6a
2 Wego 74.1b
3 Weo 541c
4 Wao 33.8d

Jyeom 8 hos » 039 55 395 9 Sl O plie -0 Jguo

Table 6 - Interaction of irrigation water and nitrogen fertilizer on the yield

rank Treatment yield(ton/ha)

1 Wso Neo 89.4 a
2 W 100 Ngo 84 ab

3 W00 N1oo 83.6 ab
4 W0 N 6o 83.3ab
5 Wso N1go 70.7 be
6 Wao Nso 62.4cd
7 W0 N1ogo 62 cd

8 W0 Neo 54.7 de
9 Weo Ngo 45.7 ef
10 W0 N1go 36.1f
11 W40 Neo 33.9f
12 Wao N go 315f
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Table 4- Amounts of water and nitrogen fertilizer consumed

Average water Nitrogen fertilizer
Rank Treatment consumption (m®/ha) (kg/ha)
1 WaoNeo 3000 150
2 WaoNso 3000 200
3 W.oN100 3000 250
4 WeoNeo 4500 150
5 WieoNso 4500 200
6 WeoN100 4500 250
7 WigoNeo 5500 150
8 WaoNso 5500 200
9 WaoN100 5500 250
10 Wi00Nso 6500 150
11 W100Nso 6500 200
12 W100N100 6500 250

number of irrigations (35 times) and length of the growing season (130 days) were the same for all treatments.

ST S0 (5390 ¢ 0395w 395 9 SolT ST Slsled F1- ¥ Joo
Table 7- Effect of irrigation water and nitrogen fertilizer on the water use efficiency

Rank Treatment Average water Yield (ton/ha) water use efficiency
consumption (kg/m3)
(m®/ha)

1 W0 Neo 3000 33.9 11.5
2 W0 Ngo 3000 315 10.7
3 W0 Nigo 3000 36.1 12.2
4 Weo N 60 4500 54.7 11.9
5 Wso Ngo 4500 457 9.8
6 Weo N1ioo 4500 62 13.6
7 Weo Neo 5500 89.4 15.8
8 Wso Ngo 5500 62.4 11

9 Woeo Nioo 5500 70.7 125
10 W10 Neo 6500 83.3 12.1
11 Wi00 Ngo 6500 84 12.2
12 Wigo N 100 6500 83.6 12.1

oga0 S alil (B p » Gl T ST 1 -A s
Table 8- Effect of irrigation water on the some of fruit parameters

rank Treatment BRX (%)

Water to Number of Fruit Weight

flesh ratio fruits (gn)
1 W00 54c 58a 15a 96 a
2 Wao 6b 4.8ab 14 a 82.3ab
3 Weo 6.6 ab 420 12b 70.4 bc
4 W 6.88 a 3.4b 8¢ 63.8¢
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Table 9- Effect of irrigation water on the nitrogen accumulation in fruit

rank irrigation water Nitrogen concentration of fruit
(ppm)
1 W4o 2079 a
2 Weo 195.1 ab
3 Wso 148.8 ab
4 W0 144.3 b

ogm W5l oo 1 0395w 395 F1- 10 Joua
Table 10 - Effect of nitrogen fertilizer on the nitrogen accumulation in fruit

rank nitrogen fertilizer Nitrogen concentration of fruit
(Ppm)
1 N100 2169 a
2 Neo 155.8 b
3 Nso 149.4 b
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Table 11 - Interaction of irrigation water and nitrogen fertilizer on the nitrogen and vitamin C
content of fruit

rank Treatment Nitrogen concentration of fruit vitamin C *
(Ppm)
1 W40 N1oo 3325a 25.4 abc
2 Wso Nso 238.1ab 32.6a
3 W100 N1oo 231.1 bc 20¢c
4 Wso Ngo 196.6 bc 26.2 abc
5 Woso N1go 181.3 bc 309a
6 Weo N1oo 150.6 bc 22.1bc
7 W40 Ngo 150.3 bc 25 abc
8 W40 Neo 140.9 bc 28.9 ab
9 Wso Neo 138.8 bc 219 bc
10 Woso Ngg 126.6 bc 21.8 bc
11 W100 Ngo 1244 ¢ 24.2 abc
12 W00 Neo 105.3 ¢ 27 abc
* Vitamin C in 100 ml of fruit water (mgr)
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