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ABSTRACT  
 

Water availability is a strong challenge in irrigated agriculture especially under water 
resources scarce as is of Egypt. The deficit irrigation practices become the main adopting policies for 
water saving. Under irrigation conditions, it is necessary to determine the fertilization level which is 
applied in order to not double the stress (drought and nutrient deficiency). This study was 
implemented during 2014 and 2015 summer seasons, in a loamy soil at the experimental station, 
Faculty of Agriculture, Ain Shams University, Kalyubia Governorate, Egypt to assess the impact of 
four irrigation treatments (SSI100, SI100, DI80 and DI60) and three NPK fertilization rates (100%, 75% 
and 50% of tomato requirement) on growth, yield, fruit quality, water use efficiency, plant nutritional 
status and water relations of open field tomato cv. Elesa F1. The results proved that all measured 
parameters were worsened with decreasing both irrigation level and/or NPK fertilization rate. The 
highest water use efficiency and fruit quality were recorded in DI80 treatment either individually or 
combined with 100% NPK fertilization rate. The best result of all measured parameters was obtained 
with combined of SSI100 and 100% NPK fertilization rate followed by both SI100 and DI80 each 
combined with 100% NPK fertilization. Soil moisture content, of course, affected only by irrigation 
treatments where it was always higher than the readily available water level by applying SSI100, SI100 
and DI80. The results proved that the combination of 100% NPK fertilization rate and mildly deficit 
irrigation of DI80 (80% of crop evapotranspiration) is the recommended practice. 
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Introduction 
 

At present and more so in the future, irrigated agriculture will implement under water scarcity 
(Fereres and Soriano, 2007). Especially since irrigated agriculture consumes more than two-thirds of 
the total fresh water on the planet. This issue causes substantial conflict in freshwater allocation 
between agriculture and other economic sectors (Chai et al., 2016). Egypt as a part of Central West 
Asia and North Africa region, where irrigated agriculture is critical for food security in these regions. 
In these areas plant water use efficiency (WUE) is becoming a substantial issue, because crop 
production relies on the use of great volumes of water. Thence most countries of these regions cannot 
have a productive form of agriculture without secure and sustainable irrigation supplies so the 
competition for fresh water this precious resource is increasing tremendously. Therefore, as stated by 
Fereres and Soriano (2007) irrigation management will shift from emphasizing production per unit 
cultivated area towards maximizing the production per unit of water consumed. Especially since the 
water productivity, it is becoming critically important to optimize WUE in agriculture (Pascale et al., 
2011). Water is the most limiting factor in these regions, so improving the productivity of existing 
water resources is an attractive alternative procedure to sustain irrigated agriculture. So there is a 
strong need to shift agriculturists thinking from "maximizing crop yields" to "optimizing crop yields". 
Substantial and sustainable improvement of water productivity and or WUE can be achieved through 
integrated farm resources management. On-farm irrigation water management techniques such as 
deficit irrigation if coupled with better cropping patterns together with appropriate cultural practices 
and improved genetic make-up will help to achieve this objective. The conventional water 
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management and cropping pattern guidelines, designed to maximize yield per unit area, need to be 
revised for achieving maximum water productivity. The wide ranges in recorded crop water 
productivities suggest that agricultural production can be maintained to its current level by using 20 to 
40% less water if new water management practices are adopted (Dehghanisanij et al., 2006). The 
WUE or water productivity is the same term for expression about the number of produced yield units 
for each irrigation water unit (m3). The main pathways for enhancing WUE in irrigated agriculture on-
farm are to increase the output per unit of water via aspects of engineering and agronomic 
management (Howell, 2006). There are a number of strategies that are likely to lead to improve water 
use or water productivity in agricultural production. Among these strategies, water irrigation 
strategies such as deficit irrigation and partial root drying (Morison et al., 2008). Conserve water in 
agriculture appears to be more efficient through carefully managed deficit irrigation strategies which 
are supported by the advanced irrigation system and flexible, state-of-the-art water delivery systems 
(Evans and Sadler, 2008). Conventional deficit irrigation is one approach that can reduce irrigation 
water use without causing significant yield reduction (Kirda et al., 2005). Deficit irrigation increases 
water productivity relative to full irrigation, as shown experimentally for many crops (Zwart and 
Bastiaansen, 2004; Fan et al., 2005). 

Indeed, the greatest increases in the productivity of water in irrigation have not only been from 
better irrigation technology or management, but rather from increased crop yields due to better seeds 
and fertilizers (Zobel, 2002). In agriculture, water and nutrients are the two most critical inputs and 
their efficient management is important not only for higher productivity but also for maintaining 
environmental quality. Vegetables have been found particularly responsive to fertigation due to their 
continuous need of water and nutrients at the optimal rate to give high yield with good quality, high 
capital turnover to investments and may be their cultivation by more skilled farmers (Jat et al., 2011). 
Fertigation has the potential to supply a right mixture of water and nutrients to the root zone, and thus 
meeting plants' water and nutrient requirements in the most efficient possible manner (Patel and 
Rajput, 2001). A properly designed drip fertigation system delivers water and nutrients at a rate, 
duration and frequency, so as to maximize crop water and nutrient uptake while minimizing leaching 
of nutrients and chemicals from the root zone of agricultural fields (Gardenas et al., 2005). Subsurface 
irrigation, as a new and modified method from drip irrigation, increased yield, water use efficiency 
and fertilizers efficiency as well as nutrients uptake compared to surface irrigation method (Badr et 
al., 2012). 

Tomato is popular vegetable crop all over the world where it cultivated in enormous areas 
(Xiukang and Yingying, 2016). Saving water strategies as deficit irrigation will be succeeded in 
achieving its aim when applied in large scale crops as in tomato (Costa et al., 2007). This paper will 
report the optimal fertilization rate of both nitrogen, phosphorus and potassium could be applied in 
deficit irrigated tomato. This objective can achieve via both optimizing tomato yield and maximize 
irrigation water use efficiency via applying three fertilization rates of nitrogen, phosphorus and 
potassium together under three deficit irrigation regimes which were applied through subsurface drip 
irrigation vs full irrigation via surface drip system as a control. 
 
Materials and Methods 
 
Experimental location. 
 

Tomatoes plants (Solanum lycopersicum L.) cv. "Elisa F1" used in this experiment were 
cultivated and grown in open field during 2014 and 2015 growing summer seasons at Shoubra El 
Kheima, Kalyubia Governorate, Egypt. The location of the experiment belongs to Horticultural 
Department, Faculty of Agriculture, Ain Shams University (latitude 30o, 12' N, and longitude 31o, 24' 
E, and mean altitude 26 m above sea level). The soil texture of the experimental area is clay loam. 
Irrigation water has been obtained from Nile river (located in the experimental area), with pH 7.2 and 
an average EC 0.63 dS m-1. Before setting up of the experiment, a composite soil sample was taken 
from upper soil layer (0-60 cm) of the experimental area for physical and chemical analysis. Some 
physical and chemical properties of the experimental soil site are presented in table 1, 2 while 
meteorological data (absolute maximum and minimum values) during the experiment was 
summarized in Table 3. 
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Table 1: Some physical properties of the experimental site soil 

Soil depth 
(cm) 

Texture 
Soil particles F.C.% θ 

at 33 kPa 
P.W.P. % θ  
at 1500 kPa 

B.D. 
g cm-3 Sand % Silt % Clay % 

0-30 Clay loam 24 36 40 31.05 14.81 1.32 

30-60 Clay loam 27 32 41 32.71 1 7.68 1.34 
 

F.C.= field capacity, P.W.P.= permanent wilting point, were determined as percentage in weight, B.d. = Bulk density  
 
Table 2: Some chemical properties of the experimental site soil 

pH 

EC 
CaCOs Organic 

mutter 
% 

Cation meq/l Anion meq/l 

ds m-1 
% 

Ca2+ Mg2+ Na+ K+ HCO3
- Cl- SO4

2- 

8.1 1.05 1.80 1.64 1.55 0.43 0.65 0.56 1.6 1.2 0.73 
 

 
Table 3: Average temperatures and relative humidity during the growing seasons under Kaliobia Governorate 

conditions for five years. 
 Month  2014 season 2015 season 

 Temperature 
(°C) 

Relative 
humidity % 

Temperature 
(°C) 

Relative 
humidity % 

 Max. Min. Average Max. Min. Average 
March 33.1 6.8 55.0 36.8 8.4 56.0 

April 38.1 12.7 49.0 38.8 9.8 48.0 

May 43.0 14.4 46.0 44.3 16.7 48.0 

June 43.8 18.5 48.0 39.3 19.1 52.0 

July 40.0 22.3 56.0 38.9 21.7 55.0 
*Metrological authority, Cairo. 
 
 

Experimental design and treatments 
 

This study involved two factors were applied through three replications in split plot 
experimental design. The first or main factor was deficit irrigation which has two treatments along 
with two full irrigation treatments, all were randomly distributed in the main plots. Drip irrigation was 
used and designed for supplying water to soil subsurface at 25 cm depth in 3 treatments which were 
full and two deficit irrigation as well as full irrigation treatment applied via surface drip irrigation as 
control. The irrigation treatments were surface full irrigation (SI100), subsurface full irrigation 100% 
(SSI100) and deficit irrigation of 80% (DI80) and 60% (DI60) of the maximum evapotranspiration 
(ETc). The irrigation was done collected every three days because of the higher field capacity of the 
soil (Table, 1). Full irrigation water quantity was 6683 and 7167 m3 ha-1, for first and second growing 
season, respectively. The irrigation water quantity was applied along the period from March 16th and 
20th  (transplanting date) to June 14th and 10th (harvesting date) for the first and second season, 
respectively. The second factor was NPK fertilization rate where the elements of nitrogen, phosphorus 
and potassium were added together. The three fertilization rates were 100%, 75% and 50% of tomato 
requirements calculated based on the recommendation of Egyptian Ministry of Agriculture for tomato 
production in the experimental area and fertilization quantity was 120 kg nitrogen, 60 kg phosphorus 
and 100 kg potassium as recommended. Fertilization treatments were randomly distributed in the 
submain plots. The experiment included 12 treatments represent the combinations of four irrigation 
treatments and three fertilization rates. The experimental plot has three lines, each was 5 m long and 
1.5 m wide, and 22.5 (3 x 5 x 1.5 = 22.5) m2 in area. Each of three replicates has four main plots, each 
of them has three sub-main plots, were prepared and were separated by a water barrier sheet to 
prevent water leakage between them. Tomato transplants were cultivated at 50 cm apart. In the initial 
stage during transplanting for two weeks all the experiment plots were well watered, then deficit 
irrigation treatments began regularly to harvest stage. 
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Calculation of irrigation treatments 
 

Irrigation water levels were calculated using FAO-CROPWAT software version 8 to calculate 
crop water requirements based on the reference crop evapotranspiration (ETc) as described by 
Penman-Monteith which has now become the standard for estimating reference crop 
evapotranspiration (Smith and Steduto, 2012). Evapotranspiration was calculated according to the 
water balance approach as described by James (1988). 

ET = I + P - Dr - Rf ± Ds……………………………………………………………………..(1) 
where ET representatives the seasonal crop evapotranspiration, I representatives the applied 

irrigation water during the growth period, P representatives the effective rainfall during the growth 
period, Dr representatives the amount of deep percolation, Rf representatives the amount of runoff, 
and Ds representatives the change in the soil water content which determined by gravimetric 
sampling. All terms in Eq. (1) are expressed in millimeters. Rainfall below 5.0 mm was assumed to be 
lost by evaporation and therefore ineffective; it was treated as zero rainfall contribution. To determine 
evapotranspiration, soil moisture at 0 to 30, 30 to 60, and 60 to 90 cm depth was measured 
gravimetrically before each irrigation and at harvest. Because there was no observed runoff during the 
experiments and the water table was at 6 m depth, capillary flow to the root zone and runoff flow 
were assumed to be negligible in the calculation of evapotranspiration. Drainage below 90 cm, after 
negligibility of a numeral of soil-water content parameters was considered negligible. So the previous 
equation was reduced to 

ET = I + P ± Ds……………………………………………………………………………….(2) 
 

Soil Water Content 
 

For determining soil water content by the gravimetric method (θg), the weight of wet and dry 
soil has to be known. Samples were taken via a 4 cm auger from the middle row of each plot after 
transplanting and at three days after irrigation during initial stage, development stage, mid-season and 
at harvest stage. Each plot was sampled at 15 cm to 60 cm depth through eight sites perpendicular to 
the trickle line at distances of 15 cm from the line. After sampling wet soil mass has been calculated 
immediately. So soil samples were dried for 48 h at 105°C and θg calculated. Undisturbed soil 
samples were taken at the beginning of the experiment in order to calculate the bulk density which 
was used for determining volumetric (θv) soil water content. From soil water content, depleted 
fraction available water (fd) could be calculated as follows: 
fd = (θfc-θv)/( θfc-θwp)  

Where: θfc = field capacity, θwp = permanent wilting point, and θv = volumetric soil water 
content. 

 
Table 4: Calculation of total irrigation water requirements for tomato crop per season  

Growth stages of tomato 

Items 
Initial stage 

March - April. 
Developmental stage 

April - May 

Middle growth 
season 

May - June 

Late stage 
June -July 

No. of days/ stage 25 35 65 30 

ETo (mm/day) 4.9 5.1 5.9 6.8 

Crop coefficient, Kc 0.6 0.88 1.15 0.9 

Reduction factor, Kr, % 0.24 0.7 0.82 0.9 

Emission uiformity, EU 0.9 0.9 0.9 0.9 

Application efficiency Ea, 0.91 0.91 0.91 0.91 

LR, mm/day 0.07 0.16 0.30 0.35 

R , mm 0 0 0 0 

R = water received by plant from sources other than irrigation, mm (for example rainfall); IRg = Gross 
irrigation 
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1.1. Measured parameters 
 
1.1.1. Plant growth parameters 
 

Five plants were randomly chosen from each plot after 50 days from transplanting date to 
collect the following parameters. The plants were uprooted then plant length (cm), branches number 
per plant were measured then separated into shoots and roots. After separation of plant shoots and 
roots, the root length was measured as cm. The plant shoots and roots were dried at 70oC in an aerated 
oven until the weight became constant and the dry weight of roots and shoots and shoot/root ratio 
were calculated. 

 
1.1.2. Leaf physical and physiological parameters 
 

After 50 days from transplanting date the following parameters were collected on the fourth leaf 
from plant apex which recently full expanded. These parameters were carried out on five leaves from 
deferent five plants for each experimental plot as follows: 
a- Leaf area cm2 was measured on detached leaves by leaf area meter, Delta-T Devices, Cambridge, 

UK. 
b- Leaf chlorophyll fluorescence (SPAD) was measured on attached leaves via chlorophyll meter 

device, the SPAD-502 plus by Konica Minolta.  
c- Leaf relative water content (RWC %) was measured on a recent expanded leaf detached from three 

plants per plot.  
Each leaf was recut under water and weighed to determine the leaf fresh mass (FM). Then, the leaf 

was covered with a plastic bag, and kept for rehydration with the cut end immersed in water in a dark 
cold room at 4 oC for 24 h. After rehydration, each leaf was re- weighed to determine the turgid mass 
(TM), and then oven-dried at 80 oC for 48 hours to determine dry mass (DM). The RWC (%) was 
calculated as follows: 

RWC =100 * (FM - DM)/(TM - DM)  
d- Leaf electrolytes leakage (LEL %), fully expanded leaf samples were taken from five plants per 
plot after 50 days from transplanting then were cut into discs 1 cm2. Thirty discs were put into a 100 
ml flask then washed slowly three times by deionized distilled water to remove surface adhered 
electrolytes. The leaf discs were submerged in a 30 ml solution of polyethylene glycol (PEG 600) for 
a certain period at 10°C in the dark to minimize secondary effects. The concentration of the PEG 
solution as well as the duration were adjusted to reach the severity of desiccation desired. After that, 
the leaf discs were washed quickly for three times with deionized distilled water. Thirty ml of 
deionized distilled water were then added and kept for 24 hours at 10°C in the dark. Then the flask 
was warmed to 25 oC, shaken well and the electrical conductivity (ECi) was measured. After 
measuring the electrical conductivity, the leaf tissues were killed via autoclaving for 15 minutes to 
release all ions from the tissue, cooled to 25°C and then the electrical conductivity (ECt) was re-
measured. The value of electrical leakage (EL) is calculated using the following equation: 

EL=(ECi/ECt-Ci/Ct) X 100  
Where ECi is the initial electrical conductivity, ECt is the total electrical conductivity, Ci is the 

initial electrical conductivity of non-desiccated control, Ct is the total electrical conductivity of the 
control.  
e- Leaf water potential, midday leaf water potential (ψ) was measured using a pressure chamber 
(SKPM 1400, Skye Instruments, Powys, UK). One recent expanded leaf per plant (five plants per 
plot) was detached, quickly sealed into the humidified chamber to determine bulk of water potential 
(ψ). 

 
1.2.1. Fruit yield 
 

a- Average fruit weight (g).  
b- Average plant fruits yield (kg).  
c-  Total fruit yield per hectare (ton). 
d-  Marketable fruit yield per hectare (ton). 
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The fruits were harvested four times along three weeks. The data of fruits yield as kg/plant and 
fruits number per plant were collected as an average of fruits yield of ten plants from each plot. Fruit 
weight was calculated as average of 10 fruits chosen randomly of the chosen plants of each plot of all 
harvests. Fruit yield per hectare was estimated via multiplying number of plants per hectare and 
average fruit yield per plant. Marketable fruit yield per hectare was calculated based on total fruit 
yield after exclusion malformed fruit, disordered fruit and fruits not suitable for human consumption 
or marketing. 

A random fruits sample of each harvest time, approximately 2 kg fruits from each plot were 
taken for laboratory analyses. The homogenized fruits juice was subjected to the following 
measurements as described in A.O.A.C. (1990): 
 

1.2.2. Fruit quality. 
 

a- Total soluble content of fruits (T.S.S, °Brix) was measured using a portable refractometer.  
b- L ascorbic acid content of fruits or vitamin C content was measured using the pigment of 2,6- 

dichlorophenol-indophenol.  
c- Total titratable acidity was measured using titration of certain fruits juice volume against 

sodium hydroxide solution with known concentration (0.1 N).  
 

1.3. Water use efficiency based on total and marketable fruit yield 
 

Irrigation water use efficiency (WUE) was calculated as the ratio of the total or marketable fruit yield 
(kg hectare -1) and the total irrigation water volume applied per ha (m3 hectare -1) seasonally.  
It was expressed as kg fruits per cubic meters of irrigation water (Howell, 2002). 
 

1.4. Content of nitrogen, phosphorus and potassium of leaves 
 

At the same date of measured plant growth parameters, leaves samples were taken and 
subjected to analyze some macronutrients in tomato leaves; i.e., 4th leaf from main stem apex. 
Samples were dried at 70 °C to reaching to constant weight and then milled to a fine powder phase. 
From each sample 0.2 g was wet digested using 5 cm3 from the mixture of sulfuric (H2SO4) and 
perchloric (HClO4) acids (1:1) as described by Peterburgski (1968) to obtain the digestive extract 
subjected to measuring nutrient. Nitrogen percent (N%) was measured using micro-Kjeldahl method 
according to Hesse (1971). Phosphorus percent (P%) was measured calorimetrically at wavelength 
680 nm using Spectrophotometer device (UV/VIS Spectrophotometer, CT 200) as described by 
Cottenie et al. (1982). Potassium percent (K%) was measured via Flame photometer device as 
mentioned by Cottenie et al. (1982). Also, calcium percent (Ca %) was measured through Flame 
photometer device according to the method described by Brwon and Lilliland (1964). 

 

1.5. Yield Reductions and Water Saving Determination: 
 

Calculation reduction of fruits yield in exchange for the provision of irrigation water by using 
the following equations described by (Ismail, 2010): 
Reduction of fruit yield = 100 - (yield of the experimental treatment / yield of control) x 100  
Water saving = 100 - (water consumption of the experimental treatment / yield of control) x 100 
Where control = a full irrigation water requirement (control treatment). 
 
Statistical Analysis: 
 

Analysis of variance of the obtained data from each parameter was computed through the 
MSTAT Computer Program (MSTAT Development Team, 1989). The Duncan's New Multiple Range 
test at 5% level of probability was used to test the significance of differences among means values of 
treatments (Steel and Torrie, 1980). The displayed data is the combination of the two experimental 
two seasons. 
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Results and Discussion 
 
Soil moisture content 

Collecting of soil moisture content measurements was started after transplanting until the end 
of growing season along tomato plant growing period which has divided to stages of transplanting 
(initial stage), development, mid-season and harvesting. Data proved that soil moisture percent 
directly affected by the amount of supplied water through both surface and subsurface drip irrigation 
at different irrigation rates of full or deficit-irrigation. The higher moisture percent of soil profile for 
all the treatments at initial or transplanting stage due to supplying more irrigation water before 
transplanting to replenish soil profile to field capacity and also due to that all treatments at initial stage 
had received the same quantity of water at rate of 100% ETc for 15 days after transplanting. Soil 
moisture percent of root zone at the initial stage was averaged as 26.7% and 28.2%, respectively, for 
SI100 and SSI100 as well as fraction of depletion which was averaged as 33% and 23%, respectively of 
SI100 and SSI100 treatments. The soil water depletion fraction under non-stress condition is that 
fraction of the total available soil water that a crop can extract from its root zone without experiencing 
water stress. According to Allen et al. (1998) the fraction of depletion for tomato crop is about 40% of 
total water holding capacity of the soil. Soil moisture content recorded the highest value in SSI100 
treatment followed by in both SI100 and then DI80 while the least value was obtained with DI60 during 
all tomato plants growth stages. Therefore, applying DI80 treatment led to water saving, minimizing 
water depletion and rising water productivity compare to treatments of SI100 or SSI100 and either to 
DI60. This is due to reduce evaporation from soil surface and delivering water directly to the root zone 
by setting drip line under soil surface. This result is consistent with findings of Singh (2007) and 
Douh et al. (2013). Also EI-Awady et al. (2003) reported that water evaporation had reduced with 
increasing burring   depth of trickle irrigation line, wherever the evapotranspiration could be reduced 
to 40 % when the trickle line is buried at 15 cm depth from surface compared to irrigation via surface 
trickle line in sorghum crop. The data in figure (1) illustrates soil moisture proportion of root zone at 
both field capacity (FC), permanent wilting point (PWP), total available water (TAW) and readily 
available water (RAW) affected by all irrigation treatments of full irrigation, SI100 and SSI100, and 
deficit irrigation, DI80 and DI60. For all tomato plant growth stages, soil moisture content was always 
higher than soil moisture content at the RAW level when applying both SI100 and SSI100 as well as 
DI80. Otherwise, soil moisture content was near the RAW level when applying DI60 without 
occurrence any serious water stress. Soil moisture content measurements were in agreement with the 
crop stress coefficient values, which were less than that with applying deficit irrigation level of 60% 
ETc. Our data in a parallel line with those of Al Omran and. Luki (2012) on cucumber and Al-Mansor 
et al. (2015) on tomato. 
 

 
Growth stages 

 
Fig. 1: Average soil moisture percent based on weight under irrigation rates for surface and 

subsurface drip irrigation systems during the growth stages of tomato plants. 
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Plant growth 
 

Generally, the data clarify that plant growth parameters expressed as plant length, branches 
number, dry weight of shoot and root and shoot/root ratio were fell progressively decreased with 
decreasing both irrigation level and fertilization rate except root length were significantly superior 
with applying SSI100 than other irrigation treatments. Except for shoot dry weight and root length, the 
remaining growth parameters were recorded a resemble values when applying both SI100 and deficit 
irrigation of DI80. Meanwhile, shoot dry weight under deficit irrigation treatment of DI80 was 
significantly heavier than under SI100 treatment. The longest root was found in deficit irrigation 
treatment of DI80. All the above plant growth measurements of tomato were significantly affected by 
the bilateral interaction between deficit irrigation levels and NPK fertilization rates at p<0.05. Thence 
all mentioned measurements recorded greater values with irrigation treatments of control treatments 
(SI100, SSI100) and deficit irrigation treatments (DI80, DI60) under higher NPK fertilization rate (100%) 
compared to the same treatments under lower NPK fertilization rates (75% and 50%). Under each 
NPK fertilization rate the greatest values of these parameters were recorded with SSI100 followed by 
DI80 then SI100 but the lowest values were recorded with DI60. Except root dry weight and root length, 
the greatest values of other plant growth measurements were recorded by treatment of combined of 
SSI100 and 100% NPK fertilization rate while the lowest values were obtained by combined DI60 
irrigation level and 50% NPK fertilization rate. Nevertheless, roots recorded higher dry weight in both 
SSI100 and DI80 irrigation rate under 100% NPK fertilization rate compared to other interactive 
treatments. Root length appeared to be significantly superior in DI80 irrigation level than in SSI100 
each combined with 100% NPK fertilization rate. 

At first, attention should be paid that irrigation water is a substantial factor in plant life where it 
must be offered at a secure level to enabling the plant to produce a higher yield and quality. While the 
demand for fresh water is increasingly and the agriculture is the main consumer of water wherefore 
adopting deficit irrigation policies are a must. Deficit irrigation means irrigation by less water quantity 
than that of crop evapotranspiration (Dodd, 2009). Concerning our results, the superiority of plant 
performance in SSI100 than in SI100 may be due to many reasons. What described in Figure (1) where 
soil water content at 30 and 60 cm depth (rhizosphere zone) was higher in SSI100 than SI100 but 
depletion of water was higher in SI100 than SSI100 although irrigation water was equally. This means 
more available water in the soil with SSI100 than SI100. Applying subsurface irrigation in SSI100 
treatment directly supplied water to rhizosphere zone so led to minimizing losing the water through 
evaporation compared to applying surface irrigation in SI100. This proposition corresponds to what 
found by Zobel (2002) who stated that irrigation practices contribute to improving plant performance 
and increase the water productivity. Our result in parallel line with findings by Douh et al. (2013), 
Hassan and Abuarab (2013) and Al-Mansor et al. (2015) and consistent to cited reviewing in the 
article of Lamm et al. (2012). 

When irrigation was at suboptimal supply the relationship between crop evapotranspiration and 
its yield is near-linear (Fereres and Soriano, 2007). So deficit irrigation could lead to occurring plant 
stress, where the water quantity less than that of evapotranspiration, depending on the severity of 
water deficiency. Irrigation is a substantial factor of plant life so that increasing of irrigation 
deficiency level may lead to decreasing vegetative measurements values. Because of deficit irrigation 
reduce soil water constants and subsequently reduce water availability of soil layers. The treatment of 
DI80 recorded values of soil water constants much less than in SSI100 treatment but little less than in 
SI100 treatment. Therefore, the differences between SI100 and DI80 appeared to be not significant for 
most vegetative measurements except root attributes but appeared to be significantly lower than 
SSI100. Man et al. (2016) mentioned that moderate soil water content increases root distribution over 
soil layers as well as Li et al. (2010) who reported that restricted irrigation regimes increase root 
density in soil layers. This matches with our results which reveal to recording longer and heavier root 
with mild deficit irrigation (DI80) compared to either full or deficit irrigation severely. 
Furthermore, these result related with root shoot ratio measurement which was affected by the same 
manner for the same reason. Where the highest root shoot ratio was recorded with the DI80 
application. Garcia et al. (2007) stated that increasing root to shoot ratio is a plant mechanism for 
ameliorating its performance under drought conditions. Harris (1992) concluded that root length is 
probably a better measure of the absorbing ability of roots this is proved by our results whereby the 
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longer roots in DI80 treatment led to the converging effect of DI80 and SI100 although different 
irrigation water quantity. 
 
Table 5: Effect of combination of deficit irrigation levels and NPK fertilization rates on vegetative growth 

parameters of tomato plants (The displayed data is a combined of the collected data within the two 
growing seasons 2014 and 2015). 

Irrigation rate 
(% ETc) and 

type (surface - 
subsurface) 

Plant length (cm) Branches number Shoot dry weight (g) 

NPK rate (% of 
requirements) 

NPK rate  
(% of requirements) 

NPK rate 
 (% of requirements) 

100% 75% 50% Average 100% 75% 50% Average 100% 75% 50% Average 

Surface 100% 
(SI100) 

72.4bc 68.5d 60.3f 67.1b 8.67b 8.00c 7.33de 8.00ab 136.83c 113.66d 101.26ef 117.25c 

Subsurface 
100%(SSI100) 

75.1a 73.1b 70.6c 72.9a 9.33a 8.67b 7.67cd 8.56a 173.75a 139.96c 106.97e 140.23a 

Subsurface 80% 
(DI80) 

72.8b 67.5d 63.8e 68.0b 8.67b 8.00c 7.00e 7.89b 150.87b 115.48d 100.68fg 122.34b 

Subsurface 60% 
(DI60) 

58.3g 55.6h 40.2i 51.4c 6.33f 6.00f 4.33g 5.55c 94.63g 76.1h 54.41i 75.05d 

Average 69.7a 66.2b 58.7c  8.25a 7.67a 6.58b  139.02a 111.3b 90.83c  

Averages followed by the same letter of each group do not differ significantly. 
 

Irrigation rate 
(% ETc) and 

type (surface - 
subsurface) 

Root dry weight (gm) Root length (cm) Shoot : Root ratio 

NPK rate 
(% of requirements) 

NPK rate 
(% of requirements) 

NPK rate 
(% of requirements) 

100% 75% 50% Average 100% 75% 50% Average 100% 75% 50% Average 
Surface 100% 

(SI100) 
33.56b 28.81cd 26.62e 29.66b 36.5bc 34.6d 29.8ef 33.6b 4.08bc 3.95c 3.80c 3.94b 

Subsurface 
100%(SSI100) 

36.34a 32.08b 26.8e 31.74a 37.2b 36.8bc 30.2e 34.7b 4.78a 4.36b 3.99c 4.38a 

Subsurface 80% 
(DI80) 

37.38a 29.86c 25.9e 31.05ab 43.6a 35.4cd 30.3e 36.4a 4.04bc 3.87c 3.89c 3.93b 

Subsurface 60% 
(DI60) 

27.64de 23.49f 18.48g 23.20c 27.0f 25.7g 20.2h 24.6c 3.42d 3.24e 2.94e 3.20c 

Average 33.73a 28.56b 24.45c  36.3a 33.1b 27.6c  4.08a 3.85b 3.66c  
Averages followed by the same letter of each group do not differ significantly 
 

Water uptake and plant nutrient absorption are closely correlated. When plant roots absorb water, 
dissolved nutrients are moved to the root surface. When water uptake is restricted, the delivery of 
nutrients to the root also is limited. As the soil dries and the films of water between the particles 
shrink, the processes of mass flow and diffusion that bathe the roots with nutrients eventually stopped. 
Tomato has a strict requirement of a balanced fertilization management, without which the growth 
becomes poor. Tomato is a heavy remover of nutrients so for optimal growth the optimum dose and 
balanced proportion of fertilizers is a must. As shown by Hebbar et al. (2004) tomato responds well to 
fertilization and to be a severe feeder of nitrogen (N), phosphorus (P), and potassium (K) fertilizer. 
Furthermore, under deficit irrigation conditions, reduction fertilization rate leads to duplicate the 
adverse effect and consequently further poor growth. Thus, for saving irrigation water by about 20% 
as which in DIs0 treatment and without a greater reduction in most vegetative growth parameters, it 
has to applied full NPK fertilization rate. As well-known nitrogen, phosphorus and potassium play 
vital roles in plant life. Under normal conditions or in other words without stress, the beneficial 
impact of balance of combined nitrogen, phosphorus and potassium fertilization on tomato was 
previously reported by many researchers as Melton and Dufault (1991), Liu et al. (2008), Kumar et al 
(2013) and Ortas (2013). However, under mild drought Saneoka et al. (2004) observed that increasing 
nitrogen fertilization rate may stimulate drought tolerance. Also, Garcia et al. (2007) concluded that 
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tolerance of moderate water stressed tomato could be improved by limited nitrogen fertilization. 
Otherwise, Xiukang, and Yingying (2016) found that tomato plant growth is more sensitive to 
irrigation than NPK fertilization and the interaction between them does not significant. 
 
Leaf area and chlorophyll content. 
 

Leaf area and leaf chlorophyll florescence as SPAD of tomato plants were affected by both deficit 
irrigation level and fertilization rate. So the highest value of each of these parameters was recorded 
with SSI100 treatment however, the lowest value was obtained with deficit irrigation treatment of DI60. 
Meanwhile, these two variables appeared to not differ significantly under both SI100 and DI80 
treatments. The two variables significantly decreased as NPK fertilization rate decreased from 100% 
to 50% of NPK fertilization requirements. 

Xiukang, and Yingying (2016) reported that tomato leaf expansion more sensitive to irrigation 
amount but leaf composition more sensitive to NPK fertilization rate. Also, the plant may be 
developed small leaves as a mechanism of drought alleviation (Garcia et al., 2007). Therefore, our 
results revealed to the highest leaf area was obtained with SSI100 but the least leaf area was recorded 
in DI60. Leaf chlorophyll content expressed as SPAD was found sensitive to fertilization rate so its 
values were linearly correlated with NPK fertilization rate. 
As for the bilateral interaction effect of irrigation level and fertilization rate, it is appeared to be 
statistically significant on leaf area and chlorophyll SPAD. The data of leaf area and chlorophyll 
SPAD proved that under full NPK fertilization rate (100%), each irrigation treatments of SI100, SSI100, 
and deficit irrigation of DI80 treatment did not significantly differ but have significantly higher values 
compared to irrigation with DI60. The lowest values of both leaf area and chlorophyll SPAD were 
recorded in the treatment of 50% NPK fertilization rate combined with DI60 treatment. Leaf growth 
response to the interaction between irrigation level and NPK fertilization rate appeared to be not 
significant according to findings of Xiukang, and Yingying (2016). However, according to Hebbar et 
al. (2004), tomato leaf area and chlorophyll content were affected significantly by the interaction 
between irrigation and NPK fertilization. Hebbar et al. (2004), Sack and Scoffoni (2013) and 
Xiukang, and Yingying (2016) highlighted that the main function of plant leaves is photosynthesis 
process and construction the organic compounds mainly carbohydrates, so that any factors or practice 
primarily fertilization and irrigation improves leaves growth then increases net assimilation of organic 
nutrients and subsequently plant growth and yield and quality. 
 
Table 6: Effect of combination of deficit irrigation levels and NPK fertilization rates on leaf area and 

chlorophyll florescence of tomato plants (The displayed data is a combined of the collected data within 
the two growing seasons 2014 and 2015). 

Irrigation rate 
(% ETc) and type 

(surface - subsurface) 

Leaf area (cm2) Leaf chlorophyll SPAD 

NPK rate (% of requirements) NPK rate (% of requirements) 

100% 75% 50% Average 100% 75% 50% Average 

Surface 100% (SI100) 48.47a 45.88b 41.94cd 45.43b 46.33a 43.85c 40.58d 43.59b 

Subsurface 
100%(SSI100) 

49.16a 47.64ab 45.89b 47.56a 46.68a 46.46ab 44.21bc 45.78a 

Subsurface 80% (DI80) 48.30a 43.11c 41.15d 44.19b 47.48a 43.18c 39.39d 43.35b 

Subsurface 60% (DI60) 38.20e 31.37f 26.77g 32.09c 38.36d 31.67e 27.42f 32.48c 

Average 46.03a 41.98b 38.94c  44.71a 41.29b 37.90c  
Averages followed by the same letter of each group do not differ significantly 
 

Leaf water relations 
 

Leaf relative water content (RWC) did not differ significantly between irrigation treatments 
SI100, SSI100 and DI80 but it recorded least significant value under treatment of DI60. For the response of 
RWC to NPK fertilization rate, it decreased significantly with decreasing fertilization rate from 100% 
to 50%. RWC was affected by the combination of NPK fertilization rate and deficit irrigation level, 
where RWC values were changed between 89.44% and 58.36% in the treatment of combined SSI100 
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and full NPK fertilization rate and the treatment of combined DI60 and 50% NPK fertilization rate, 
respectively. Under 100% of NPK fertilization rate, each irrigation treatments recorded a significant 
higher value of RWC than the parallel treatment under lower NPK fertilization rate. On the other 
hand, the greatest values of RWC were obtained under full of NPK fertilization rate combined with 
irrigation treatments of SI100, SSI100 and DI80. 

 
Table 7: Effect of combination of deficit irrigation levels and NPK fertilization rates on Leaf relative water 

content, Electrolyte leakage and Leaf water potential of tomato plants (The displayed data is a 
combined of the collected data within the two growing seasons 2014 and 2015). 

Irrigation rate 
(% ETc) and 

type (surface - 
subsurface) 

Leaf relative water content (%) Electrolyte leakage (%) Leaf water potential (MPa) 

NPK rate 
 (% of requirements) 

NPK rate (% of 
requirements) 

NPK rate 
 (% of requirements) 

100% 75% 50% Average 100% 75% 50% Average 100% 75% 50% Average 

Surface 100% 
(SI100) 

88.63a 79.46cd 72.58f 80.22a 13.42a 15.46a 32.68d 20.52a -0.05a -0.07bc -0.09de -0.070a 

Subsurface 
100%(SSI100) 

89.44a 85.39ab75.94de 83.59a 12.96a 14.39a 28.84c 18.73a -0.05a -0.07bc -0.08cd -0.067a 

Subsurface 80% 
(DI80) 

87.88a 82.76bc 73.66f 81.43a 13.74a 16.24a 33.47e 21.15a -0.06ab -0.10e -0.19f -0.117b 

Subsurface 60% 
(DI60) 

73.28f 66.52f 58.36g 66.05b 18.52b27.84c 44.23f 30.20b -0.25g -0.28h -0.36i -0.297c 

Average 84.81a 78.53a 70.14b  14.66a 18.48b34.81c  -0.103a -0. 130ab -0.180b  

Averages followed by the same letter of each group do not differ significantly 
 
Concerning electrolytes leakage percent (EL) of plant leaves as an indicator of cell membrane 

stability, the data proved variation in the electrolytes leakage percent affected by both irrigation level 
and NPK fertilization rate. Thence the higher significant value of EL measurements was recorded 
with application DI60 compared to irrigation treatments of SI100, SSI100 and DI80. Also, the EL was 
significantly increased by decreasing NPK fertilization rate where the amount of electrolyte leakage 
was increased more than doubled with reduction the NPK fertilization rate to half. 

The effect of interaction between irrigation level and fertilization rate proved to be significant 
on EL in plant leaves. Generally, EL was increased by reducing both irrigation level and fertilization 
rate. The greatest significant values of EL were obtained with interaction treatments of application of 
either deficit irrigation level of 60%ETc or 50% fertilization rate either individually or together. 
Meanwhile, the least significant values of EL were recorded by interaction between irrigation 
treatments of either SI100 or SSI100 or DI80 with either 100% or 75% NPK fertilization rate. 

Data of Leaf water potential (ψ) proved that the water potential of leaves decreased affecting 
by decrease either irrigation level or NPK fertilization rate. It is noticeable that ψ was more sensitive 
to irrigation level deficiency than to decreasing NPK fertilization rate. So the ψ decreased from -0.67 
to -0.297 when irrigation level decreased from 100%ETc to 60%ETc meanwhile decreased from -0.25 
to -0.36 when NPK fertilization rate decreased from 100% to 50%. 

The effect of interaction between deficit irrigation level and NPK fertilization rate appeared to 

be significant on ψ. Therefore, the reduction in ψ which related with irrigation deficiency appeared to 
be severe (-0.05 to -0.25) under full NPK fertilization rate (100%) comparing with its reduction (-0.09 
to -0.36) under the least NPK fertilization rate (50%). While ψ values did not show significant 
differences with either SSI100, SI100 and DI80 each under fertilization rate of 100%. The least ψ value 
was recorded in treatment which combined DI60 and least fertilization rate (50%). 

RWC, ψ and partially EL were linearly correlated and reflect the water status of the plant. 
Water availability in the soil affects water status of the plant and subsequently closely relate to 
nutrients absorption by the plant. Thence according to Jones (1990) measuring water potential of plant 
leaf has been used as a tool to monitor the water status of the plants. Therefore, as reported by Arndt 
et al. (2001) maintenance of a sufficiently high water content and leaves water potential is the 
essential factor in plant water relations during drought periods to permit growth. Drought led to a 
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reduction in water contents of plant tissue and subsequently water potential, leaf expansion, leaf 
photosynthesis, and changes in protein synthesis, nitrogen metabolism, and cell membrane properties, 
resulting in a reduction in plant productivity (Shangguan et al., 2000; Saneoka et al., 2004). Topcu 

(2007) reported that measurements of ψ, stomatal conductance and the photosynthetic rate showed 
the similar behavior. 

Mineral nutrition is one of the most important factors affecting plant growth and water 
relations (Goldstein et al., 2013) so that the proper mineral nutrition mainly with nitrogen phosphorus 
and potassium might be fundamental for plant hydraulic properties. In well-watered Laurus nobilis L. 
plants, short-term potassium fertilization increased xylem sap potassium concentration, resulting in an 
increase in plant hydraulic conductance (Kplant), leaf-specific shoot hydraulic conductivity and plant 
transpiration (Oddo et al., 2011, Oddo et al., 2014). Moreover, there is increasing evidence that an 
optimal potassium nutritional status can reduce the effects of abiotic stresses such as drought, heat, 
high light intensity or salinity (Oosterhuis et al., 2013). In fact, potassium plays a key role in many 
processes related to adaptation to drought stress (Grzebisz et al., 2013), such as cell osmoregulation, 
leading to the maintenance of cell turgor and cell expansion necessary to promote root growth as well 
as stomatal conductance and subsequently gas exchange. Adequate levels of potassium are also 
required for regulation of stomatal aperture and optimization of water-use effiiency (Egilla et al., 
2005). While potassium deficiency appeared to be negatively affect the water status and 
photosynthesis in tomato (Kanai et al., 2011). Garcia et al. (2007) found that moderate water stressed 
tomato showed decrease in leaf water potential and increase in leaf osmotic potential and 
subsequently decrease in stomatal conductance and gas exchange. Meanwhile balanced nitrogen 
addition quantity and form contribute to recovery the adverse effect of drought through a process of 
osmotic and elastic adjustment. Liu et al. (2012) suggested that water and nitrogen are closely related, 
and nitrogen at low rate enhance drought tolerance and WUE through increased photosynthetic 
capacity and water uptake. Therefore, an appropriately low nitrogen supply would be recommended 
under dry conditions however excess nitrogen supply should be avoided. For phosphorus nutrition 
combined with stress, Dosskey et al. (1993) indicated to that adjusting phosphorus nutrition does not 
alleviate drought stress when the plants show a nitrogen deficiency. Finally, the results support that 
irrigation level and NPK fertilization rate affect strongly leaf growth, characteristics and function. The 
balance between N, P and K nutrients especially under drought conditions is a must to ameliorate 
stress and maintain growth and yielding. Our results in accordance with those of Xiukang and 
Yingying (2016) where our results prove that full NPK fertilization rate could efficiently alleviate 
mildly deficit irrigation stress (restitution DI80) and maintain leaf properties and functions. 

 
Leaf NPK content 
 

Data in Table (8) demonstrate the content of NPK of tomato plant leaves affected by NPK 
fertilization rate under irrigation levels. It is noticed that nutrient content of tomato plant leaves was 
decreased with decreasing both NPK fertilization rate and deficit irrigation level. In terms of 
interaction effect, it was observed that NPK nutritional content in plant leaves was significantly 
affected by combination of both NPK fertilization rates and irrigation levels. NPK nutritional content 
recorded higher values in all irrigation treatments under full NPK fertilization rate (100%) than the 
counterparts under lower N|PK fertilization rates of either 75% or 50%. The highest nitrogen content 
was obtained with both full irrigation (SI100 and SSI100) and DI80 each combined with 100% NPK 
fertilization rate. The highest value of phosphorus content was obtained in full irrigation SSI100 and 
DI80 each combined with 100% NPK fertilization rate. However, the highest value of potassium 
content was observed with full irrigation SSI100 combined with 100% NPK fertilization rate. In 
contrast, the least significant value of nitrogen, phosphorus and potassium was an accompanying of 
50% NPK fertilization rate combined with DI60. 

Maintaining proper soil conditions will enhance the volume of soil that roots exploit. For 
example, a soil that has a compacted zone or a hard pan will present a barrier to plant roots and 
restrict their use of moisture deeper in the soil profile. Similarly, when subsoil water content is least of 
which meet the plant needs, plant growth is stunted and roots cannot grow and exploit the soil to 
utilize water and nutrients. So that when soil conditions are proper since nutrients are balanced in 
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concentration and form along with water content within available water range, the roots are healthy 
and enable to absorb water and nutrients efficiently. Our results are consistent with this proposition 
where the presented data in figure (1) indicates that soil water content is within the range of readily 
water content in SI100, SSI100 and DI80 although soil water content of DI80 was near the low limit of 
readily water content meanwhile soil water content in DI60 is lower than readily water content. 
Otherwise according to the data in table (5) which indicated to that the highest root weight and length 
are obtained in DI80, followed by SSI100 and SI100 and then DI60, respectively. Moreover, shoot: root 
ratio measurement recorded the highest value in SSI100 followed by both SI100 and DI80 but the lowest 
value is recorded in DI60. Concerning the interaction between deficit irrigation treatment and NPK 
fertilization treatments, the irrigation treatments show the previous mentioned behavior when 
combined with the experimental NPK rates but their performance was superior under the highest NPK 
fertilization level. Based on the presented above and since the absorbed nutrients and water are 
transferred to the leaves where the process of photosynthesis and plant food preparation (Monclus et 
al., 2006), the activity of roots in the absorption process clearly reflected in NPK content of leaves. 
Therefore, the highest N, P and K values in leaves are got in SSI100 followed by either of SI100 and 
DI80 and lastly DI60. NPK fertilization rates show affect linearly on NPK content of leaves with NPK 
fertilization rate may be due to that the experimental rates lay within tomato NPK fertilization range. 
Our results are in line with those findings by Melton and Dufault (1991), Ortas, I. (2013), Al-Mansor 
et al. (2015) and Xiukang and Yingying (2016). Also, Zhen et al. (1996) reported that the N, P and K 
uptake of eggplant seedlings increased with increasing application rates of N, P and K fertilizers. 

 
Table 8: Effect of combination of deficit irrigation levels and NPK fertilization rates on leaf NPK content (The 

displayed data is a combined of the collected data within the two growing sea sons 2014 and 2015). 

Irrigation rate 
(% ETc) and 

type (surface - 
subsurface) 

Nitrogen content of plant 
(%) 

Phosphorus content of plant 
(%) 

Potassium content of plant 
(%) 

NPK rate 
(% of requirements) 

NPK rate 
(% of requirements) 

NPK rate 
(% of requirements) 

100% 75% 50% Average 100% 75% 50% Average 100% 75% 50% Average

Surface 100% 
(SI100) 

0.64a 0.56bcd 0.36ef 0.52b 0.29bc 0.25cd 0.19ef 0.24b 0.87b 0.76de 0.62gh 0.75b 

Subsurface 
100%(SSI100) 

0.66a 0.59abc 0.42e 0.56a 0.32a 0.29bc 0.22de 0.28a 0.94a 0.79cd 0.68fg 0.80a 

Subsurface 80% 
(DI80) 

0.63ab 0.51d 0.31fg 0.48c 0.30ab 0.24d 0.17fg 0.24b 0.85bc 0.75de 0.6h 0.73b 

Subsurface 60% 
(DI60) 

0.52cd 0.37ef 0.24g 0.38d 0.23de 0.19ef 0.13g 0.18c 0.72ef 0.68fg 0.46i 0.62c 

Average 0.61a 0.51b 0.33c  0.29a 0.24ab 0.18b  0.85a 0.75b 0.59c  

Averages followed by the same letter of each group do not differ significantly 

 
Yield component 
 

Average fruit weight, average plant fruits yield, estimated yield and marketable yield have 
found to be correlated positively (Bachmann et al., 2014) and appeared to be significantly affected by 
deficit irrigation level and/or NPK fertilization rates. All yield variables recorded the highest values in 
SSI100, however, the least values were recorded in DI60. Average fruit weight did not significantly 
differ between SI100, SSI100 and DI80. Plant yield and total and marketable yield did not significantly 
differ with both SI100 and DI80 meanwhile appeared to be significantly least than SSI100 but higher than 
DI60. For the absolute effect of NPK fertilization rate on yield and its variables, it has significantly 
decreased with decreasing the NPK fertilization rate. The data proved that the yield and its variables 
were highly sensitive to both irrigation and fertilization. So the effect of irrigation treatments 
combined with NPK fertilization rates on yield and its variables appeared to be significant. all yield 
parameters altered by irrigation level and/or NPK fertilization rate. The yield and its coponent are 
increased by increasing either or both irrigation rate and/or NPK fertilization rate. Total yield was 



Middle East J. Agric. Res., 6(3): 587-604, 2017 
ISSN: 2077-4605 

600 

reduced about 11.66% and 47.57 when irrigation water reduced to 80%ETc and 60%ETc, 
respectively. While the yield component were reduced with decreasing NPK fertilization rate from 
100% to 50% by about 23.87%, 45.61%, 46.61 and 45.61% in average fruit weight, average plant 
yield and marketable and estimated yield per hectare, respectively. 
 
Table 9: Effect of combination of deficit irrigation levels and NPK fertilization rates on yield component and 

water use efficiency of tomato plants (The displayed data is a combined of the collected data within 
the two growing seasons 2014 and 2015). 

Irrigation rate 
 (% ETc) and type 

(surface - 
subsurface) 

Average fruit weight (g) Average fruits yield/ plant 
(Kg) 

Estimated yield per hectare (ton) 

NPK rate 
(% of requirements) 

NPK rate 
(% of requirements) 

NPK rate 
(% of requirements) 

100% 75% 50% Average 100% 75% 50% Average 100% 75% 50% Average 

Surface 100% 
(SI100) 

158.67bc 148.86bc 120.29gh142.61ab 6.78b 5.24d 3.86g 5.29b 
 

84.75b 
 

65.50d 48.25g 66.17b 

Subsurface 
100%(SSI100) 

170.46a 160.57b 138.42e 156.54a 7.57a 5.92c 4.36ef 5.95a 94.63a 74.00c 54.50ef 74.38a 

Subsurface 80% 
(DI80) 

157.32bc 145.38ce 123.69gh142.13ab 6.52b 5.17d 4.08fg 5.26b 81.50b 64.63d 51.00fg 65.71b 

Subsurface 60% 
(DI60) 

133.64fg 110.88h 90.06i 111.53c 4.65e 3.24h 1.58i 3.16c 58.13e 40.50h 19.75i 39.46c 

Average 155.02a 141.42a 118.12b  6.38a 4.89b 3.47c  79.75a 61.16b 43.38c  

 

Irrigation rate 
 (% ETc) and type 

(surface - subsurface) 

Marketable yield per hectare (ton) Water use efficiency kg/m3 

NPK rate (% of requirements) NPK rate (% of requirements) 

100% 75% 50% Average 100% 75% 50% average 

Surface 100% (SI100) 76.45b 50.56d 36.35ef 54.45b 11.44c 7.57f 5.44h 11.44c 

Subsurface 
100%(SSI100) 

87.73a 56.44c 41.48e 61.88a 13.13b 8.45e 6.21g 13.13b 

Subsurface 80% (DI80) 75.32b 51.83cd 39.26e 55.47b 14.09a 9.7d 7.34f 14.09a 

Subsurface 60% (DI60) 34.43f 26.67g 10.57h 23.89c 8.59e 6.65g 2.64j 8.59d 

Average 68.48a 46.38b 31.92c  11.81a 8.09b 5.41c  

Averages followed by the same letter of each group do not differ significantly 

 
To obtain higher yield and maximum profit in commercial tomato production, optimal 

management of both fertilizer and water are required (Scholberg et al., 2000). Tomato appeared to be 
a gluttonous feeder of nutrients of nitrogen, phosphorus, and potassium so that it is responded well to 
fertilization with these elements (Hebbar et al., 2004, Xiukang and Yingying, 2016). Ozbahce and 
Tari (2010) and Xiugang and Yingying (2016) showed that tomato fruit yield responded significantly 
to NPK fertilization and irrigation individually or interactive. Anyway, yielding is a final conclusion 
of the previous plant stages and which closely related. So that maintaining proper growth factors will 
enhance vegetative growth and subsequently improve yield parameters. According to the previously 
presented data, mildly deficit irrigation (DI80) combined with full NPK fertilization rate produced 
higher root length which exploited wide rhizosphere area and had enabling absorption more water and 
nutrients. Finally, based on the above and as provided elsewhere in this paper the treatments which 
augmented shoots and roots growth and metabolism potential, mainly absorption of water and 
nutrients and photosynthesis processes, are able to produce higher yield and quality. Our data revealed 
that SSI100 followed by both SI100 and DI80 then lastly DI60 is the proposed arrange for the 
experimental treatments based on the efficient of them in improving plant growth and yielding. 
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Statistically, the difference between SI100 and DI80 often not significant while DI60 resulted in the 
adverse effect on plant growth and yield. Therefore, to determine the best treatment if SI100, SSI100 or 
DI80, it is necessary to utilize a proper criterion as water use efficiency (Howell, 2006). DI80 is the best 
irrigation treatment due to the highest WUE recording (Table, 9). DI80 as a mild deficit irrigation 
caused a certain drought stress on the plant. So as to does not double the stress on the plant due to 
irrigation and fertilization, full NPK fertilization is the best fertilization treatment either individual or 
combined with DI80. On the other hand, NPK fertilization improves plant performance under light 
stress (Ozbahce and Tari, 2010, Xiukang and Yingying, 2016). Our results are consistent with those of 
Ozbahce and Tari (2010), Ortas (2013) Al- Mansor et al. (2015) and Xiukang and Yingying, 2016). 

 
Fruit quality parameters 
 

According to the findings of Xiukang and Yingying (2016) which revealed that tomato dry 
matter accumulation was mainly due to irrigation and fertilization. The results of Ozbahce and Tari 
(2010) proved that tomato yield quantity responded mainly to irrigation but soluble solids content 
responded mainly to fertilization. Our results demonstrate that total soluble content (TSS) in tomato 
fruits appeared to be more sensitive to NPK fertilization than irrigation. So the highest value of TSS 
was obtained when combined mild deficit irrigation (DI80) and full NPK fertilization but the least 
value of TSS was obtained with combined severe deficit irrigation and least NPK fertilization rate. 
Titratable acidity (TA) of tomato fruit juice has altered affected by irrigation and NPK fertilization in 
the same manner of the TSS response to irrigation and fertilization. L ascorbic acid content in tomato 
fruit juice appeared to be sensitive to both irrigation and fertilization. The magnitude content of L 
ascorbic acid was recorded in 80% ETc (DI80) irrigation and 100% NPK fertilization. So the mild 
deficit irrigation increased L ascorbic content but severe deficit irrigation reduced its content. The 
interaction between deficit irrigation and fertilization appeared to be significant and the higher content 
of L ascorbic acid was recorded in treatment of combined 80% ETc (DI80) irrigation and 100% NPK 
fertilization. These results were consistent with those of Ozbahce and Tari (2010), Wahba-Allah and 
Omran (2012) and Xiukang and Yingying (2016). 
 
Table 10: Effect of combination of deficit irrigation levels and NPK fertilization rates on fruits quality of 

tomato plants (The displayed data is a combined of the collected data within the two growing seasons 
2014 and 2015). 

Irrigation rate 
(% ETc) and 

type (surface - 
subsurface) 

Total soluble content (%) L ascorbic content Total titratable acidity 

NPK rate  
(% of requirements) 

NPK rate  
(% of requirements) 

NPK rate 
 (% of requirements) 

100% 75% 50% Average 100% 75% 50% average 100% 75% 50% average 

Surface 100% 
(SI100) 

5.57b 4.82d 2.98f 4.46a 18.82a 16.27b 14.34d 16.48a 0.56b 0.50b 0.43c 0.50b 

Subsurface 
100%(SSI100) 

5.26b 4.96cd 3.06f 4.43a 18.86a 16.42b 14.65d 16.64a 0.58b 0.51b 0.48c 0.52b 

Subsurface 80% 
(DI80) 

6.08a 5.38bc 3.14f 4.87a 18.42a 15.68c 14.02d 16.04b 0.69a 0.59b 0.50b 0.59a 

Subsurface 60% 
(DI60) 

4.34e 3.86e 2.17g 3.46b 15.36c 13.67e 11.94f 13.66c 0.67a 0.46c 0.33d 0.49b 

Average 5.31a 4.76b 2.84c  17.87a 15.51b 13.74c  0.63a 0.52b 0.44c  

Averages followed by the same letter of each group do not differ significantly 

 
Conclusion 
 

Deficit irrigation becomes a targeted strategy for rationalization and saving the consumed water 
in irrigated agriculture especially in regions suffer from water-scarce as the case of Egypt. Although 
limited or slight deficit irrigation leads to optimizing production and subsequently rising water use 
efficiency or water productivity but it may have adversely effect on plant growth and yield and 
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quality. Otherwise, plants grown under deficit irrigation must be a well-fertilized so as not to suffer 
from double stress. Our results of the combination of NPK fertilization at three rates and irrigation at 
four treatments on open field tomato proved that providing plants with full NPK fertilization 
requirements can minimize deficit irrigation stress especially when soil water content was above the 
wilting point. Therefore, our results suggest applying the treatment of combined of deficit irrigation 
level of 80%ETc and full NPK fertilization requirements for tomato cv. Elisa production under an 
environment conditions like that of the experiment. Thus this treatment enhanced plant performance 
to near of that unstressed treatment although saving 20% of irrigation water as well as higher fruit 
quality. 
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