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Background g sasall oo 4dla

Tomato (Lycopersicon esulentum Mill.) is one of the most consumed vegetables in the world. It is a good
source of vitamin A, B, and C, contain about 23 mg/100 g edible portion ascorbic acid (Nonnecke, I. N.
1989). Recent studies suggest that tomatoes contain the antioxidant lycopene, which clinically approved to
reduce the risk of cancer (Kucuk, O. 2001). Nitrogen and phosphorus are essential component of many
compounds, including proteins, amino acids, and enzymes responsible for biochemical changes in tomato
growth (Winsor, G.W. 1973).

In the UAE, tomato has high market values, which encouraged farmers to use high quantity of fertilizers.
However not all nutrients applied are taken up by the plant. Many studies reported that tomatoes are unable
to recover 100% of applied N (Sweeney et al., 1987). Sylvester-Bradley (1993) found that 10-60% of N
fertilizer applied is not utilized by plants, Sweeney et al (1987) reported that N recovered by tomato from N
fertilization in Florida ranged from 32 to 53% while Sainju et al (2000a) reported a recovery rate of 13 to 30%
with 90 and 180 kg N ha™ in greenhouses in Georgia. The residual N left after harvest in the soil can causing
groundwater contamination and degrading water quality and wasting the amount and cost of fertilizer
applied. The problem can be severe in sandy soils, which have higher water infiltration and lower NO3
retaining capacity compared with clay soils and by targeting N and P fertilizer to meet maximum plant
demand, it may be possible to reduce the residual in the soil.

High N level in the soil can promote excessive vegetative growth which can delay the setting and maturity of
tomato fruits, thereby reducing tomato production (Kaniszewki, S., and Elkner, K. 1990). Nitrogen deficiency
in the soil, on the other hand, can decrease the production of number of fruits, fruit size, storage quality,
colour, and taste of tomato (Needham, P. 1973).

Despite its low requirements in tomato plants as compared to N and K (Sainju et al. 2003) P still plays a
major role in vital growth functions to promote early plant establishment. A suitable combination of both N
and P applications to tomato plants enhance growth and yield parameters (Nawaz et al. 2012).

Problems <igaadil)

®=  The current chemical fertilizer practices may lead to soil and groundwater degradations.
=  No scientific based data is available for the tomato fertilizer application in greenhouse.

Objectives iy

= Evaluate the effects of different levels of N and P fertilizer on the growth, yield and fruit qualities of
greenhouse tomatoes
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= Determine the optimum fertilization needs that will assist to develop fertilization program for the tomato
in the greenhouse.

Methods Jead) 44,y

1. Field experiment

The experiment was conducted at AlKuwaitat Research Station in the UAE during 2011 and 2012. Tomato
seeds of Elbida e.z variety were sown in potting soils in greenhouse. Four week old seedlings were
transplanted into greenhouse in the beginning of November, 2011. Tomato seedlings were planted in plots
of 6 m by 2 m and consisted of 2 rows of 12 plants each the distance between rows is 0.5 m, the planting
density was 20,000 plant ha™.

The experiment was laid out in a randomized complete block design with two factors and four replications.
The experiment included 12 fertilizer treatments consisting of all possible combinations of four nitrogen
rates (0, 300, 600 and 900 kg ha'l) and three phosphorus rates (0, 200, 400 kg ha'l) with a constant rate of
potassium application at 900 kg ha™ to all plots. Nitrogen was applied as urea (N 46%), phosphorus as
triple super phosphate (P,O5 50%) and potassium as potassium sulphate (K,O 50 %).

N and K fertilizers were applied via irrigation three times per week. Fertilizers were split into three
application rates corresponding to three growing stages; i.e. from transplant to flowering (lasted 35 days)
used 15% of the total supply, from flowering to beginning of harvest (45 days) used 25% of the total supply
and from initial harvest till the end of growing season (150 days) used 60%. P was added by hand twice,
before seedling transplanting and after one month from planting.

Recommended cultural practices such as irrigation, removal of weeds and plant protection were adopted
uniformly according to standard crop management practices. Weeds were manually controlled.

Matured tomato fruits were harvested once a week and total fruit number and fruit weight were determined.
Yield data were summed up of the total fruit weight from 28 consecutive harvests and converted into tons
per hectare basis. The assessment of fruit number and average fruit weight (g) per plant was done twice at
the third and final harvests, respectively.

2. Fruit quality

Fruit quality parameters were determined for fruits from the second harvest. Fruit firmness was determined
by a fruit pressure tester and values were expressed in pounds. Total soluble solid was checked by a digital
refractometer and values were expressed as degree Brix. Titrateable acidity was determined using the
method of Srivastava and Kumar (1993).

3. Statistical analysis

The statistical analysis was performed using the Statistical Analysis System (SAS). The effect of the
treatments was evaluated through the analysis of variance (ANOVA). The Least Significant Difference
(LSD) was used to compare differences among treatments at p<0.05. The regression procedure was used
to determine the linear and/or quadratic effects of N fertilizer.

4. Soil analysis

Before transplanting of tomato, soil samples were randomly collected at depth 0-30 cm from each
experimental plot and were analyzed for the initial physical and chemical characteristics. Soil samples were
also collected after final harvest to evaluate the fertilizer residues in soil of each treatment.

The initial soil in the experimental field had a texture of sandy soil (sand 99.1%, silt 0.76% and clay 0.04%),
with average pH 8.1, electrical conductivity 1.5 dSm™, 1.0 % organic matter content, 18.5% water holding
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capacity and CEC 2.3 meq/100g. Fertility levels including Total-N, nitrate and available phosphorus,
potassium were 127.5, 44.7, 22.6 and 154.7 ppm, respectively.

Results gl

1. Tomato yield

Tomato responded significantly to N-P fertilizer. The total yield increased with increasing levels of applied N
up to 600 kg ha™ and 200 kg ha™ P (p < 0.05), hence beyond this level tomato yield displayed significant
decline.

The interactive effects between N and P levels gave the highest yield when 600 kg ha™ N was combined
with 200 kg ha™ P (yield 233.9 t ha) followed by 600-400 kg ha® N-P,Os (Fig. 1). This increment was
about two folds higher than yields from the control plot without both N and P applications. The results
suggest that increasing crop fertilization to an optimum level enables the plants to produce their highest
potential yield.
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Fig. 1: Tomato Total yields in response to different N and P fertilizer application rates.
LSD at 5% N=3.2, P=2.8 and NXP=5.6

2. Tomato yield parameters

Gradual increases were recorded for average fruit weight and number of fruit per plant with increasing N°
P,Os levels (Table 1). Both average fruit weight and fruit number at 3" harvest were highest at N 600 kg ha’
! and P,0s at 200 kg ha™, i.e. 198.4g and 5.7 fruits per plant, respectively. Similar performance was
retained with same fertilizer treatment till the end of harvesting season. Application of nitrogen up to 900 kg
ha™* had adverse effects on both fruit number and fruit weight while increasing phosphorus rate from 120 to
240 kg ha™* produced the same average fruit weight and number but without adverse effects. This implies
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that 600-200 kg ha™ N-P,Os is adequate for improved growth performance of tomato, which was fully
reflected in the production of higher number of fruits with bigger size. N fertilization resulted in significant
longer plant shoot compared with zero application with no significant differences between N levels at the
time of the 3" harvest as well as at the end of season. The application of P has no significant effect on plant
height at the two measuring time.

Table 1. Average plant height and yield parameters of tomato in response to different N and P fertilizer
application rates.

3" harvest End of season
Treatment 3 ;
(aha) ARSI AN panthogn ARSI AN bt i
(g fruit™) plant™) &) (g plant™) (per plant) ()
0 0 153.8 2.5 2.6 81.5 1.7 3.7
200 176.5 3.2 2.8 91.9 2.1 3.9
400 181.4 3.9 2.8 93.3 2.6 3.9
300 0 190.5 4.9 34 104.4 34 4.8
200 198.4 5.7 3.5 109.3 3.8 4.5
400 196.4 54 3.3 110.7 3.7 4.8
600 0 202.7 54 34 111.5 3.7 4.5
200 220.6 7.3 3.3 131.6 51 4.8
400 214.8 6.6 34 124.3 4.9 4.6
900 0 190.1 4.5 3.4 96.3 2.9 4.5
200 200.4 5.3 3.4 101.1 3.6 4.8
400 188.7 4.5 35 92.9 3.0 4.6
LSD (5%) 8.78 0.78 NS 7.8 0.6 NS

3. Fruit qualities and nutrition values

Table 2 shows the effects of fertilizer treatments on some physiochemical characteristics of tomatoes.
Increasing nitrogen fertilizer rate revealed significant increments in nitrate concentration, acidity and citric
acid, than the control. The other fruit quality parameters including TSS, sugar and firmness did not show
significant response to nitrogen treatments.

Phosphorus fertilizer application had no significant effects on all quality parameters measured in this study.
The results show a non significant interaction between nitrogen and phosphorus indicating that the
application rate of phosphorous was not significantly affected by the nitrogen level applied.

Table 2. Effects of N and P fertilization on nutrient value and fruit qualities of fresh tomato at the 3" harvest
during 2011 growing season

Total soluble Nitrate Phosphorus  Sugar Acidity Citric acid

Treatment solid (°Brix) (ppm) (ppm) (%) (%) (%) Firmness
Nitrogen rate (kg ha‘l)
0 4.1 12b 94.1 4.0 0.27 0.34 2.2
300 4.2 1.7a 98.8 4.0 0.27 0.35 2.3
600 4.1 18a 94.2 4.4 0.28 0.36 2.1
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900 4.1 19a 93.3 4.1 0.31 0.40 2.4
LSD (5%) ns 0.28 ns ns 0.025 0.03 ns
Phosphorus rate (kg ha™)

0 4.1 1.6 94.3 4.1 0.27 0.34 2.2
200 4.2 1.8 94.7 4.2 0.28 0.36 2.3
400 4.1 1.6 96.5 4.1 0.29 0.37 2.3

LSD (5%) ns ns ns ns ns ns ns

4. Soil nutrient residues

The influences of fertilizer rates on nutrient residues in soil and EC are presented in Table 3. At all applied
N levels soil nitrate and total N concentration was significantly in order of 900>600>300>0 kg ha™. These
results indicated that tomato plants had surplus uptakes of N at rate of 900 kg ha™ that resulted in the
highest nitrate accumulation in soils. High nitrate contents in soils receiving N 900 kg ha™* showed that this
high rate might have detrimental effects on soil and the environment. Nitrate concentration in soil without N
application was lower than the nitrate level before transplanting indicated that there was high nitrate
depletion.

Soil EC is a measurement of total soluble salts presented in soil that came from fertilization and other
activities. High EC in soils after harvest showed nutrient residues accumulated in soils from fertilization.
The changes of EC in soil of each N treatment followed the same pattern of soil nitrate accumulations
indicating that high EC attributed to N residues from relevant N application.

Increased P application level had also increased significantly the residual phosphorus in the soil, using 400
kg ha™ phosphorous had almost doubled and tripled the P residues comparing to 200 kg ha™ and control,
respectively. However, their P accumulations were less than nitrate accumulations due to less application
rates of P fertilizer than N rates. There were no significant interactions between N and P fertilizers
treatments on soil nutrients and EC tested in soils after harvest. In other words, N or P fertilizer was the
main source of N or P accumulation in sandy soil as in the UAE condition.

Table 3. Soil chemical properties in response to different N and P fertilizer rates post-cropping of tomato.

Treatment EC . Nitrate Total Nitrogen Available Phosphorus
(dSm™) (ppm) (ppm) (ppm)
Nitrogen rate (kg ha™)
0 23 325 88.5 20.2
300 3.9 45.7 143.0 19.0
600 5.2 72.9 159.7 19.2
900 5.3 124.3 198.8 23.9
LSD (5%) 1.2 5.0 6.4 NS
Phosphorus rate (kg ha‘l)
0 4.1 66.3 141.8 8.7
200 4.2 69.3 147.6 21.8
400 4.4 71.0 153.0 31.2
LSD (5%) NS NS 6.6 3.6
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Recommendations <luagil)

= Based on the results of a good balance among productivity, quality and pollution risk, application of 600
kg ha™ nitrogen with 200 kg ha™ phosphorus seemed to be the best fertilizer recommendation for the
production of field tomato in the UAE condition.

» Based on derived equation from fitted quadratic model, fertilizer application level of 500 kg ha™ nitrogen
with 200 kg ha* phosphorus (expected yield 232.4 t ha'l) could have potential to meet maximum plant
demand, to sustain tomato yield with favourable quality, and more importantly to reduce the potential for
salt and nutrient residual accumulations for safer tomato production. A further study is recommended.

=  Further studies are recommended to determine the threshing value for nitrate residual in the soil under
the UAE environmental condition.

= Beneficiaries: Agriculture Affairs Sector, Farmers' Services Centre, Extension officers.
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