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ABSTRACT 
 

A study was carried out on a field scale during two successive growth seasons (2009/2010 and 2010/2011) on tomato plants 
irrigated with saline ground water (2.24 and 3.86 dS m-1) using drip irrigation system, subjected to water stress (irrigation every 3, 4, and 
5 days), and were grown under application of potassium fertilization (96, 120, and 144 kg K2O/feddan) in newly reclaimed lands at the 
Agricultural Experiments and Research Center, Faculty of Agriculture, Minia University, El-Minia Governorate, Egypt. The current 
study aims to investigate the effects of irrigation water salinity and water stress on tomato growth, tomato yield, and tomato fruit quality 
under application of a salinity and water stress alleviated amendment (potassium fertilization) using drip irrigation system.  The obtained 
results of the current study showed that increasing irrigation water salinity level from 2.24 dS m-1 to 3.86 dS m-1 decreased tomato plant 
height, tomato shoots fresh weight, average tomato fruit weight, fresh tomato fruit yield, and tomato fruit dry weight, while, it increased 
tomato shoots dry weight, number of tomato fruits per plant, total soluble solids of tomato, and tomato fruits marketability (shelf life) in 
growth seasons. Increasing irrigation interval from 3 up to 5 days decreased tomato shoots fresh weight in both growth seasons, 
however, it increased tomato shoots dry weight, total soluble solids, and tomato fruits marketability in the two growth seasons. 
Increasing the potassium fertilization level from 96 up to 144 kg K2O/feddan increased the tomato plant height, tomato shoots dry 
weight, average tomato fruit weight, total soluble solids of tomato, and tomato fruits marketability. Increasing the potassium fertilization 
level from 96 to 120 or 144 kg K2O/feddan increased the tomato shoots fresh weight, number of tomato fruits per plant, fresh tomato 
fruit yield, and tomato fruit dry weight in the two growth seasons.  The increase in the tomato plant height, tomato shoots fresh weight, 
tomato shoots dry weight, number of tomato fruits per plant, average tomato fruit weight, fresh tomato fruit yield, total soluble solids of 
tomato, tomato fruits marketability, and tomato fruit dry weight implies that application of potassium fertilization to soil alleviated 
adverse effects of salinity stress and water stress on tomato growth, tomato yield, and tomato fruit quality. The results of the current 
research indicated that it can be recommended that to alleviate and manage adverse effects of salinity stress and water stress on tomato 
growth, tomato yield, and tomato fruit quality, good cultural practices management to be followed are: (1) irrigate tomato plants every 4 
days, (2) apply appropriate and optimized requirements of potassium fertilization to soils (120 kg K2O/feddan), and (3) use drip 
irrigation system as an irrigation management which might control soil salinity build-up and soil water content since it can keep a high 
soil water content and low salt concentration in the root zone.  
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INTRODUCTION 
 

Egypt lies in the arid region of the world. 
Therefore, the agriculture depends on the irrigation mainly 
from the river Nile and from the ground water in some 
areas of the irrigated lands.  The population in Egypt is 
increasing year after year which requires the cultivation of 
the newly reclaimed lands to increase the cultivated lands 
and consequently, increase the food production for the 
national food security. Water is an important resource for 
the sustainable agricultural development in Egypt. The 
scarcity of the fresh water resources in Egypt led to the use 
of saline water for irrigation. Use of the saline water for 
irrigation has adverse effects on the soil properties, plant 
growth, and crop yield and quality. Tomato is one of the 
most important vegetable crops grown in Egypt.  

There are different managements for alleviating 
salinity and water stress. Fertilization management by 
applying potassium fertilization under drip irrigation 
system is the management which is preferred to be used to 
alleviate deleterious effects of salinity and water stress on 
tomato crop. Potassium is an essential nutrient for the 
physiological and biochemical processes in the plant. 
Potassium has physiological functions which enable the 
plant to tolerate the biotic and abiotic stresses especially 
the salinity and water stress. The use of the drip irrigation 
system provides a suitable soil moisture content for the 
plant which lead to a better growth and yield and maintains 
low salt accumulation in the wetting zone. Therefore, the 

drip irrigation system provides a good advantage when 
using the saline water for irrigation. 

El Bedawy (2014) indicated that water is one of the 
most important inputs for economic development and 
sustainable development; as the demand increases, so too 
does the importance of water. The future looks miserable if 
Egypt does not succeed in formulating and implementing 
water resources management approach which can match 
the limited freshwater supply with the increasing demand. 
Saad et al. (2013) reported that as a result of the shortage in 
the good quality irrigation water resources, the 
unconventional sources such as the drainage water, treated 
wastewater, and brackish water are being increasingly used 
in the agriculture. Their utilization provides new sources of 
water for more food production. Irrigation with the saline 
water requires larger and more frequent applications than 
irrigation with the good quality water.    

Food productivity is decreasing due to impact of 
various biotic and abiotic stresses; therefore, minimizing 
these losses is a major area of concern for all nations to 
cope with the increasing food requirements. Salinity and 
drought are among abiotic major stresses, which adversely 
affect plant growth and productivity (Hasanuzzaman et al., 
2018). Mahajan and Tuteja (2005) pointed out that salinity 
and drought are among the major stresses, which 
drastically affect the plants growth and productivity. The 
salinity and drought exert their nasty effect mainly by 
disrupting the osmotic and ionic balance of plant cells. 
Osman (2018) indicated that salinity is a well-known factor 
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affecting negatively growth and production of many crops 
such as tomato. The main negative effect of salinity comes 
from the osmotic effect on the plant water uptake which 
eventually affects the growth and yield. Mahajan and 
Tuteja (2005) reported that water stress may arise as a 
result of two conditions, either due to excess of water or 
water deficit. The more common water stress encountered 
is the water deficit stress known as the drought stress. 

A customary vegetable like tomato, which is the 
most important vegetable worldwide, can fully fit the 
requirements for a balanced diet. It contains a series of 
beneficial health compounds and can be easily integrated 
in the daily nutrition: Besides their fresh uptake, the 
consumers use tomatoes in soups, sauces, pizza, pasta, and 
many other dishes (Krauss et al., 2006). According to the 
relative salt tolerance of the agricultural crops (Maas, 
1984), tomato (Lycopersicon lycopersicum) is moderately 
sensitive (Ayers and Westcot, 1994). Cuartero and 
Fernandez-Munoz (1999) indicated that tomato could act 
as a model crop for saline land recovery and use of poor-
quality water as there is a wealth of knowledge of the 
physiology and genetics of this species. Imana et al. (2010) 
demonstrated that water management is a key factor that 
can influence the tomato production since the crop is 
affected by both deficit and surplus irrigation water. 
Bringing the optimum irrigation water to the crop might 
reduce the field losses during production. 

Brackish and saline water resources not used 
nowadays could be employed for the irrigation if greater 
knowledge of salt tolerance and proper technology are 
developed (Zayton et al., 2009). Many factors have played a 
great role in the agricultural development. One important 
factor is the fertilization. Applying an adequate quantity of 
the right quality is the key for the improved plant growth and 
production. Potassium (K) is a major element for the plant 
nutrition (Krauss, 2003). Wang et al. (2013) reported that 
maintaining an optimum K nutritional status is essential for 
the plant resistance to biotic and abiotic stresses. Balanced 
fertilization and efficient K usage in combination with other 
nutrients not only contribute to the sustainable crop’s 
growth, yield and quality, but also influence the plant health 
and reduce the environmental risks. Malakouti et al. (2003) 
showed that potassium (K) is vital for many plant processes 
and it is required to activate at least 60 enzymes involved in 
plant growth. Potassium improves the crop yield and quality. 
It relieves water, salt and drought stresses, hence K reduces 
the crop water requirement. Because K has a dominant role 
in the opening and closing of the stomata, through which 
water is transpired from the leaves and CO2 enters the 
leaves. Malash et al. (2008) concluded that salinity of 
irrigation water restricted the plant growth and decreased the 
fruit yield by reducing both the fruit weight and number. The 
results of this study recommend the use of drip irrigation in 
general and under saline condition in particular, as the 
tomato fruit yield and yield per unit of water used were 
higher than when using the furrow irrigation. In addition to 
maintaining ideal water levels, the drip irrigation reduced the 
salinity accumulation in the root zone, which in turn reduced 
Na, Cl, and Mg uptake and minimized their content in the 
leaves, in such a way reduces the salinity hazards in the drip 
irrigated plants than those furrow irrigated. 

Keeping in mind the prevailing facts and results, 
the current study aims to investigate the effects of irrigation 
water salinity and water stress on tomato growth, tomato 
yield, and tomato fruit quality under application of a 
salinity and water stress alleviated amendment (potassium 
fertilization) using drip irrigation system. Therefore, the 
investigated aspects in terms of relation to tomato crop 
production were as follows: 
1- Effects of salinity and water stress on tomato growth 

(health) (Lycopersicon esculentum L.) of Founa 734 
variety. 

2- Effects of salinity and water stress on tomato yield and 
tomato fruit quality. 

3- Effects of different potassium fertilization levels on 
tomato yield and tomato fruit quality. 

 

MATERIALS AND METHODS 
 

1. Experimental site description 
The current study was carried out on a field scale 

during two successive growth seasons (2009/2010 and 
2010/2011) on the tomato plants which were irrigated with 
ground water using the drip irrigation system, subjected to the 
water stress, and were grown under application of the 
potassium fertilization in the newly reclaimed lands at the 
Agricultural Experiments and Research Center, Faculty of 
Agriculture, Minia University. The Agricultural Experiments 
and Research Center is located in the West district of 
Samalout, El-Minia Governorate, Egypt. The area under 
investigation is located in the Western Desert (28º18'16''N, 
30º34'38''E) and lies in arid and semi-arid region 
characterized with an evaporation rate of 4897.91 mm/year.   
Soil characterization of the experimental site 

Soil of the experimental site was a virgin sandy soil 
and it was not cultivated with any field crop before the 
current study. Therefore; as an attempt to elevate the soil 
fertility and enhance the soil quality for tomato plant 
growth, repeated large amounts of clay was transferred to 
the soil surface of the experimental site in May 2009 and 
mixed with this sandy soil at the depth of 0.0 - 30 cm, thus, 
the texture of its surface (0.0 – 30 cm) was converted from 
sandy into loam.  

Sustainable development in the Western Desert of 
El-Minia Governorate is controlled by availability and 
quality of soil and groundwater resources.  Physicochemical 
soil properties of the uncultivated soils which is located at 
the experimental site in the Western Desert, Egypt, must be 
characterized before cultivating tomato and irrigation of 
tomato with saline groundwater in order to observe their 
effects on the tomato growth, tomato yield, and tomato fruit 
quality. Therefore, a representative soil sample was collected 
from the surface soil of the experimental site at the depth of 
0.0-30 cm. The soil sample was collected two times from 
each plot before tomato cultivation and at the end of two 
growth seasons. The soil sample was left on the air until 
completely air dried at the room temperature, crushed, and 
sieved to pass through a 2.0 mm stainless steel sieve. The 
sieved soil was mixed thoroughly and a subsample was 
taken and analyzed for the pH, electrical conductivity (E.C.), 
organic matter (O.M.), calcium carbonate, total nitrogen, 
available phosphorus, available potassium, soluble cations 
(calcium, magnesium, sodium, and potassium), soluble 
anions (chloride, sulphate, carbonate, and bicarbonate), 
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particle size distribution, water holding capacity, field 
capacity, wilting point, and available water. The soil analysis 
was performed using standard methods as described by 
Jackson (1973), Black et al. (1965), page et al. (1982), and 
Avery and Bascomb (1982). Some chemical and physical 
properties of the surface soil at the depth of 0.0-30 cm before 
cultivating the tomato seedlings in the first growth season 
are shown in Table 1. 
 

Table 1. Some chemical and physical properties of the 
investigated  soil before tomato cultivation in 
the first growth season. 

Soil properties Value 
Chemical properties: 

pH 8.15 
E.C. (dS m-1) 1.89 
Organic matter (%) 1.18 
CaCO3 (g kg-1) 39.2 
Total N (g kg-1) 1.5 
Available P (mg kg-1) 14.32 
Available K+ (mg kg-1) 23.20 

Soluble cations: 
Soluble Ca2+ (mg kg-1) 134.0 
Soluble Mg2+ (mg kg-1) 61.1 
Soluble Na+ (mg kg-1) 80.0 
Soluble K+ (mg kg-1) 14.7 

Soluble anions: 
Soluble Cl- (mg kg-1) 113.2 
Soluble SO4

2- (mg kg-1) 145.3 
Soluble CO3

2- (mg kg-1) 25.0 
Soluble HCO3

- (mg kg-1) 105.9 
Physical properties: 

Particle size distribution: 
Clay (%) 24.25 
Silt (%) 31.40 
Sand (%) 44.35 
Texture grade Loam 
Water Holding Capacity (%) 35.66 
Field Capacity (%) 29.43 
Wilting Point (%) 9.55 
Available Water (%) 19.88 
 

2. Climatic conditions of the experimental site  
The climate in Egypt is generally moderate; it is 

mostly hot or warm during the day, and cool at night. In 
the deserts, the temperatures vary considerably especially 
in summer; when they may range from 7 °C at night, to 52 
°C during the day. While the winter temperatures in the 
deserts do not fluctuate so wildly, they can be as low as 0 
°C at night, and as high as 18 °C during the day. Egypt 
receives less than 80 mm of precipitation annually in most 
areas, although in the coastal areas it reaches 200 mm. It 
hardly ever rains during the summer (El-Nahrawy, 2011). 
3. Irrigation water management 
Source of irrigation water  

The experimental field was drip irrigated from two 
well waters which were different in their salinities. The 
experimental field area was divided into two main plots, 
one main plot was irrigated with the well water No. 1 of 
2.24 dS m-1 and the second main plot was irrigated with the 
well water No. 2 of 3.86 dS m-1.  
Evaluation of the ground water quality  

Before the tomato cultivation in the two growth 
seasons, water samples of two wells available for irrigation 
in the Agricultural Experiments and Research Center, 
Western Desert of El-Minia Governorate, were analyzed 
for their chemical composition and characteristics and were 
evaluated to assess their suitability for irrigation of the 
tomato plants and to predict and observe their effects on 

the tomato growth, tomato yield, and tomato fruit quality. 
At each irrigation event in two growth seasons, water 
sample was collected from each well water in a clean and 
dried plastic bottle, filtered and stored at 4.0 °C until 
analysis,  which was performed immediately, or preserved 
in accordance with American Public Health Association 
(APHA, 2012). Well water sample was analyzed for pH, 
salinity (E.C. and TDS), soluble cations (calcium, 
magnesium, sodium, and potassium), and soluble anions 
(chloride, sulphate, carbonate, and bicarbonate) as 
described by Chapman and Pratt (1961) and standard 
methods of the American Public Health Association 
(APHA, 2012). Chemical analysis of well water 
parameters such as pH, E.C., and TDS were performed in 
the field and laboratory using portable digital meters model 
(Hanna Instruments, Michigan, USA) (APHA, 2012). The 
chemical composition and criteria of the two well waters 
which were used for irrigation of the tomato plants during 
two growth seasons are summarized in Table 2. 

Concerning the water classification by salinity, as 
can be seen in Table 3 and according to Phocaides (2000); 
the well water No. 1 is classified as a slightly saline water 
and the well water No. 2 is classified as a medium saline 
water. 
 

Table 2. Chemical composition and criteria of the two 
well waters which were used for irrigation of the 
tomato plants during the two growth seasons. 

Chemical composition 
and criteria 

Well water  
No. 1 

Well water No. 
2 

Chemical composition: 
Ph 7.91 8.12 
E.C. (dS m-1) 2.24 3.86 

Soluble cations: 
Soluble Ca2+ (meq/l) 14.04 20.30 
Soluble Mg2+ (meq/l) 3.62 11.82 
Soluble Na+ (meq/l) 4.17 5.73 
Soluble K+ (meq/l) 0.40 0.56 

Soluble anions: 
Soluble Cl- (meq/l) 9.27 12.42 
Soluble SO4

2- (meq/l) 11.16 22.39 
Soluble CO3

2- (meq/l) 0.00 0.00 
Soluble HCO3

- (meq/l) 1.80 3.60 
Chemical criteria: 

S.A.R. 1.40 1.43 
Ca2+/Mg2+ Ratio 3.88 1.72 
 

Irrigation scheduling 
The irrigation of the tomato plants was scheduled in 

different irrigation intervals to subject the tomato plants to 
the water stress. The irrigation intervals treatments of the 
tomato plants were irrigation of the tomato plants every 3, 
4, and 5 days. 
Irrigation system  

The current study was conducted in the newly 
reclaimed lands, which are mostly characterized in texture as 
sandy or sandy calcareous soils. The irrigation systems 
which are preferable to be used to irrigate these lands are the 
modern irrigation systems. One of these modern irrigation 
systems, which is suitable for the tomato irrigation is the drip 
irrigation system because it has many advantages.  

The drip irrigation network was established in the 
experimental field for irrigation of the tomato plants. Each 
drip lateral line contained seven GR-type emitters at 50 cm 
spacing with the water discharge at 4 L/hr every irrigation. 
The drip irrigation network was used in the two growth 
seasons. 
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3. Experimental design 
The experimental design was factorial in a 

completely randomized block design (in a split-split-plot) 
with three replicates. The experimental design included two 
levels of the irrigation well water salinity, three treatments of 
the irrigation intervals, and three levels of potassium 
fertilization; which were applied singly or in combination, 
making a total number of eighteen treatments of all.  
Treatments of the experimental design were as follows: 
1- Two levels of the irrigation well water salinity (well 

water No. 1 of 2.24 dS m-1 and well water No. 2 of 3.86 
dS m-1), which were denoted as S1 and S2, respectively. 

2- Three treatments of the irrigation intervals (irrigation of 
the tomato plants every 3, 4, and 5 days), which were 
denoted as T1, T2, and T3, respectively. 

3- Three levels of the potassium fertilization (96, 120, and 
144 kg K2O/feddan), which were denoted as K1, K2, 
and K3, respectively. 

The total experimental field area was 1000 m2. The 
experimental design consisted of 54 sub-sub plots in the 
two growth seasons of tomato. The total experimental field 
area was divided into two main plots, one main plot was 
allocated for the irrigation with the well water No. 1and the 
second main plot was allocated for the irrigation with the 
well water No. 2. Each main plot of the irrigation well 
water salinity treatments consisted of three experimental 
sub plots (irrigation intervals treatments). Each sub plot of 
the irrigation intervals treatments consisted of nine 
experimental sub - sub plots (three levels of the potassium 
fertilization X three replicates). The size of each sub – sub 
plot was 10.5 m2 (3.5 X 3.0 m = 1/400 of the feddan area). 
Each sub – sub plot included 6 rows for the tomato 
seedlings cultivation. The tomato seedlings spacing was 50 
cm apart between the rows. The experimental design of the 
second growth season (2010/2011) was similar to that of 
the first growth season (2009/2010). 
4. Experiment procedure 

The soil of the experimental field was prepared for 
tomato cultivation in the two tomato growth seasons. The 
soil of the experimental field was refined to make it a 
suitable bed for tomato seedlings. Soil of each sub-sub plot 
was ridged at 50 cm apart between the rows. To prevent 
the water seepage from each sub - sub plot to adjacent sub 
- sub plot, a 1.0 m spacing was left between all the sub – 
sub plots of each irrigation intervals treatment as well as a 
2.0 m spacing was left as a border line between each 
irrigation intervals treatment and the adjacent irrigation 
intervals treatment. 

The phosphorus fertilization was applied to the soil 
of all the sub – sub plots in the form of calcium 
superphosphate (15.5% P2O5) at the standard recommended 
rate of 150 kg calcium superphosphate/feddan during the 
soil preparation. 
Set up of the field experiment 

After applying the phosphorus fertilization to the 
soil of all the sub – sub plots, the experimental design was 
established. All sub – sub plots of the experiment were 
irrigated for 3 hours to cultivate the tomato seedlings. 21 
and 24 days old of tomato seedlings (Lycopersicon 
esculentum L.) of Funa 734 variety were cultivated in the 
5th of September 2009 and in the 12th of September 2010 in 

the first and the second growth seasons, respectively. The 
replanting was done in the two growth seasons. 

The nitrogen fertilization was applied to the soil for 
all sub-sub plots as ammonium nitrate (33.5% N) at the 
standard recommended rate of 200 kg ammonium 
nitrate/feddan in three doses.  

The respected levels of the potassium fertilization 
were applied to the soil of all the plots as potassium 
sulphate (48% K2O). The potassium fertilization levels 
were 200, 250, and 300 kg potassium sulphate/feddan 
which give 96, 120, and 144 kg K2O/feddan, respectively. 
The potassium fertilization levels were applied in three 
doses as follows: 
1- The first dose (20% of each respected level) was 

applied after one month of the tomato cultivation date. 
2- The second dose (40% of each respected level) was 

applied one month after the first dose. 
3- The final dose (40% of each respected level) was 

applied after one month after the second dose. 
A minimum tillage was done in the two growth 

seasons. The tomato plants were sprayed with Lannate 
pesticide to tolerate the whitefly (Bemisia tabaci). 

All the agricultural practices except the irrigation 
intervals treatments and potassium fertilization levels were 
applied as commonly used for growing tomato in the desert 
agriculture in the two growth seasons. 
Tomato harvest and end of the field experiment 

A representative sample of the tomato plants was 
identified from an area of 1.0 m2 of each sub-sub plot. The 
area of 1.0 m2 of each sub-sub plot was randomly chosen 
from middle of each sub-sub plot. The area of 1.0 m2 of 
each sub-sub plot contains four tomato plants.  

The fresh tomato fruits were harvested at the 
physiological maturity stage from the four tomato plants 
twice or three times weekly depending upon the quantity of 
matured fruits. In each time of tomato fruits harvest during 
the harvest period, fresh tomato fruits of the four tomato 
plants were collected, weighed to record the fresh tomato 
yield, and counted to record the number of fruits per plant. 

At 100 days from the tomato seedlings cultivation 
date, the tomato plant height was recorded. Also, fresh 
tomato fruits of the four tomato plants were collected, 
weighed to record the fresh tomato yield, counted to record 
the number of fruits per plant.  A representative sample of 
the tomato fruits was taken from fruits of the four tomato 
plants to determine the tomato fruits quality parameters 
and chemical composition of tomato plants. The total 
soluble solids (T.S.S.) of the tomato fruit juice was 
determined at the field using hand refractometer, while, the 
tomato fruits marketability [shelf life duration (days)] was 
performed at the laboratory. Then, the tomato fruits were 
dried in the oven at 65 oC and weighed to record the dry 
weight of the tomato fruits. The dry weight of the tomato 
fruits was recorded as kg/plot by weighing. The dry weight 
of the tomato fruits was calculated as ton/feddan taking in 
consideration that the feddan area is 4200 m2 not 3600 m2. 

At the end of tomato harvest, the fresh weight of the 
tomato fruit yield was recorded as kg/plot by weighing and 
was converted to ton/feddan taking into consideration that 
the feddan area is 4200 m2 not 3600 m2. Average fruit 
weight was calculated by dividing the total weight of all 
fresh tomato fruits which were collected from each four 
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tomato plants during the harvest period by the total fruits 
number of the four tomato plants. A representative sample of 
the tomato shoots was taken from shoots of the four tomato 
plants to determine the chemical composition of tomato 
shoots. The fresh weight of the tomato shoots was recorded 
by weighing. Then, the tomato shoots was dried in the oven 
at 65 oC and weighed to record the dry weight of the tomato 
shoots. The dry weight of the tomato shoots was calculated 
as ton/feddan taking in consideration that the feddan area is 
4200 m2 not 3600 m2. 
5. Statistical analysis 

The obtained results of two growth seasons were 
subjected to the analysis of variance using the least 
significant difference (L.S.D.) test at 5% level of probability 
using the MSTAT-C v. 1.42 for completely randomized 
block design (in a split – split – plot) with three replicates. 
The L.S.D. test was used to compare between the various 
treatments means. 
 

RESULTS AND DISCUSSION 
 

1. Effects of the salinity and water stress on some 
tomato growth parameters under application of the 
potassium fertilization  

Tomato plant height 
The effects of irrigation water salinity and irrigation 

intervals on some tomato growth parameters under 
application of the potassium fertilization in the two growth 
seasons are given in Table 3. It can be seen that increasing 
irrigation water salinity level from 2.24 dS m-1 to 3.86 dS m-1 
slightly decreased the tomato plant height. This slight 
decreased in the tomato plant height was significant (p = 
0.05) in the two tomato growth seasons. These results are in 
harmony with those reported by several authors. Maas and 
Grattan (1999) revealed that the salt-stressed plants are 
smaller and grow slower than the non salt-stressed plants, 
and require less water over a given time. Consequently, the 
salt-stressed plants deplete a smaller percentage of available 
soil water than the non saline plants, so they are less 
responsive to the frequent irrigations. In addition, Hajer et al. 
(2006) indicated that the height of tomato seedling was 
increased with time, while, it was decreased with increasing 
the salinity level (1500, 2500, and 3500 ppm) in all the 
cultivars. Moreover, Tantawy et al. (2009) found that 
increasing the level of salinity (3000, 4000, and 5000 ppm) 
significantly reduce the tomato vegetative growth i.e. plant 
height, leaf area, chlorophyll, fresh and dry weights of shoot 
and potassium content. Similarly, Abbas (2010) found that 
the tomato plant height was decreased with increasing 
salinity (0, 1000, 2000, 3000, 4000, and 5000 ppm). 

Increasing the irrigation intervals from 3 to 4 days 
slightly increased the tomato plant height in the two growth 
seasons (Table 3). This slight increase in tomato plant height 
was not significant (p = 0.05) in the two growth seasons.  

Increasing the irrigation intervals from 3 to 5 days 
slightly decrease the tomato plant height in the two 
growth seasons (Table 3). This slight decrease in the 
tomato plant height was significant (p = 0.05) in the two 
growth seasons. This result is in harmony with those 
reported with several researchers. Pascual and Cabahug 
(2015) demonstrated that the tomato plants watered in 
three days interval experienced the most water deficit 
stress compared to the plants on other treatments (daily 

and 2 days interval). The results showed that significant 
reduction on the plant height was occurred when 
irrigation was done in three days interval. In addition, 
Imana et al. (2010) showed that the decrease in the plant 
growth as a result of water stress could be attributed to 
reduction in the transpiration rate that was observed.   

The tomato plant height was increased by 
increasing the potassium fertilization level from 96 up 
to 144 kg K2O/feddan in the two growth seasons as 
illustrated in Table 3. The increase in the tomato plant 
height was significant (p = 0.05) in the two growth 
seasons. This increase in the tomato plant height implies 
that application of the potassium fertilization to the soil 
alleviated the adverse effects of the salinity stress and 
water stress on the tomato plant height. Çolpan et al. 
(2013) reported that the tomato plant height was 
increased with increasing K application due to the vital 
role of K in the plant growth.  
Tomato shoots fresh weight 

It can be observed from Table 3 that increasing 
the irrigation water salinity level from 2.24 dS m-1  to 
3.86 dS m-1 significantly decreased (p = 0.05) the tomato 
shoots fresh weight in the two growth seasons. This 
decrease in the tomato shoots fresh weight was 
accompanied with the slight decrease in the tomato plant 
height which was occurred when the tomato plants were 
irrigated with the well water No. 2 (Table 3). Yurtseven 
et al. (2005) showed that the tomato biomass yield was 
already reduced at the 2.5 dS m-1 salinity level and the 
reduction continued to increase as the salinity was 
increased from 2.5 to 10.0 dS m-1.  

The tomato shoots fresh weight was significantly 
decreased (p=0.05) by increasing the irrigation interval from 
3 up to 5 days in the two growth seasons (Table 3). This 
significant decrease in the tomato shoots fresh weight was 
accompanied with the slight decrease in the tomato plant 
height which was occurred as a result of increasing the 
irrigation intervals from 3 up to 5 days (Table 3). This result 
is in agreement with those reported by several authors. 
Ahmed et al. (2017) found that the irrigation scheduling 
designated as the irrigation treatment I4 (irrigation every 4 
days) produced the tomato biomass of 8.52 g, while, the 
other irrigation treatment I7 (irrigation every 7 days) gave the 
tomato biomass of 5.56 g. But with the highest biomass 
production which was obtained with the irrigation treatment 
I4, it appears that irrigating the tomato at 4 days interval is 
more favorable for the biomass production in the plant. 
Furthermore, Munns (2002) demonstrated that the initial 
reduction in the shoot growth is probably due to the 
hormonal signals generated by the roots.  

Increasing the potassium fertilization level from 96 
to 120 kg K2O/feddan increased the tomato shoots fresh 
weight in the two growth seasons as shown in Table 3.  
Increasing the potassium fertilization level from 96 to 144 
kg K2O/feddan decreased the tomato shoots fresh weight in 
the first growth season, whereas, it increased the tomato 
shoots fresh weight in the second growth season. This 
increase in the tomato shoots fresh weight suggests that 
application of the potassium fertilization to the soil 
alleviated the negative effects of the salinity stress and 
water stress on the tomato shoots fresh weight. These 
results are in agreement with those reported by several 
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researchers. Malakouti et al. (2003) showed that potassium 
(K) relieves water, salt and drought stresses, hence K 
reduces the crop water requirement. Because K has a 
dominant role in the opening and closing of the stomata, 
through which water is transpired from the leaves and CO2 
enters the leaves. Plants deficient in K do not absorb 
sufficient quantities of water and, in consequence, they 
exhibit a temporary drought stress. In addition, Wang et al. 
(2013) concluded that maintaining an adequate K 
nutritional status is critical for the plant osmotic adjustment 

and for mitigating ROS (reactive oxygen species) damage 
as induced by the drought stress. An adequate K supply is 
essential for enhancing the drought resistance by increasing 
the root elongation and maintaining the cell membrane 
stability. Moreover, Chougui et al. (2014) concluded that 
the potassium fertilization did eliminate the deleterious 
effects of salinity on tomato (Lycopersicon esculentum 
Mill.; var: heintz), it have effects on increasing the physio-
morphological traits of plants and reduce the accumulation 
of proline content  

 

Table 3. Effects of irrigation water salinity and irrigation intervals on some tomato growth parameters under 
application of potassium fertilization in the two growth seasons.* 

Treatment 
First growth season Second growth season 

Plant height  
(cm) 

Shoots fresh weight 
(ton/feddan) 

Shoots dry weight 
(ton/feddan) 

Plant Height 
(cm) 

Shoots fresh weight 
(ton/feddan) 

Shoots dry weight 
(ton/feddan) 

S1T1K1 112.00 1.816 0.214 109.00 1.480 0.184 
S1T1K2 115.00 1.960 0.227 116.00 1.600 0.226 
S1T1K3 119.00 1.728 0.258 114.00 1.544 0.248 
Mean 115.33 1.835 0.233 113.00 1.715 0.219 
S1T2K1 116.00 1.840 0.211 114.00 1.632 0.187 
S1T2K2 118.00 1.784 0.244 117.00 1.712 0.224 
S1T2K3 122.00 1.720 0.290 115.00 1.656 0.266 
Mean 118.67 1.781 0.248 115.33 1.667 0.226 
S1T3K1 110.00 1.760 0.209 111.00 1.560 0.199 
S1T3K2 121.00 1.680 0.239 120.00 1.768 0.225 
S1T3K3 123.00 1.624 0.264 117.00 1.816 0.235 
Mean 118.00 1.688 0.237 116.00 1.541 0.220 
S2T1K1 109.00 1.680 0.219 107.00 1.584 0.197 
S2T1K2 111.00 1.720 0.244 110.00 1.544 0.227 
S2T1K3 114.00 1.760 0.250 109.00 1.568 0.238 
Mean 111.33 1.720 0.238 108.67 1.565 0.221 
S2T2K1 106.00 1.664 0.232 105.00 1.560 0.208 
S2T2K2 115.00 1.688 0.256 107.00 1.536 0.237 
S2T2K3 108.00 1.704 0.248 112.00 1.552 0.246 
Mean 109.67 1.685 0.245 108.00 1.549 0.230 
S2T3K1 99.00 1.544 0.245 100.00 1.352 0.217 
S2T3K2 109.00 1.780 0.270 97.00 1.440 0.249 
S2T3K3 102.00 1.456 0.252 106.00 1.432 0.241 
Mean 103.33 1.593 0.256 101.00 1.408 0.236 
L.S.D at 5 % level: 
Salinity (A) 
Intervals (B) 
Potassium (C) 
(A) X (B) 
(A) X (C) 
(B) X (C) 
(A) X (B) X (C) 

 
1.159 
0.797 
1.269 
N.S. 
N.S. 
N.S. 
N.S. 

 
0.091 
0.053 
0.054 
0.083 
0.137 
0.265 
0.375 

 
N.S. 
0.029 
0.060 
0.010 
0.009 
0.012 
0.018 

 
1.129 
0.777 
1.225 
N.S. 
N.S. 
N.S. 
0.548 

 
0.108 
0.044 
0.093 
0.146 
0.131 
0.163 
0.230 

 
N.S. 
0.010 
0.090 
0.016 
0.015 
0.018 
0.023 

* Each value represents means of three replicates. 
 

Tomato shoots dry weight 
It is obvious from Table 3 that increasing the 

irrigation water salinity level from 2.24 dS m-1 to 3.86 dS 
m-1 slightly increased the tomato shoots dry weight in the 
two growth seasons. The slight increase in the tomato 
shoots dry weight was not significant (p = 0.05) in the two 
growth seasons.   It is clear from Table 3 that increasing the 
irrigation intervals from 3 up to 5 days significantly 
increased (p = 0.05) the tomato shoots dry weight in the 
two growth seasons. Ayers and Westcot (1994) pointed out 
water stress between irrigations can often be eliminated by 
increasing the frequency of irrigations, thereby preventing 
the excessive root zone depletion caused by too long an 
interval between irrigations. By decreasing the interval 
between irrigations, a higher soil-water availability is 
maintained.  

Increasing potassium fertilization level from 96 up to 
144 kg K2O/feddan increased the tomato shoots dry weight 
in the two growth seasons as shown in Table 3. The increase 
in the tomato shoots dry weight was not significant (p = 

0.05) in the two growth seasons. This increase in the tomato 
shoots dry weight indicates that application of the potassium 
fertilization to the soil alleviated the drastic effects of the 
salinity stress and water stress on the tomato shoots dry 
weight. This result is in agreement with those reported by 
several authors. Krauss (2003) reported that the function of 
K in the plants as an osmotically active cation and its 
involvement in controlling the water relationships in the 
plants given balanced fertilization with K is the unique 
opportunity to improve the tolerance of plants to the drought, 
frost, and salinity. Similarly, Fageria et al. (2011) reported 
that the application of high K+ fertilization might enhance 
the capacity for osmotic adjustment of the tomato plants 
growing in the saline habitats.  

The salinity stress and water stress effects on 
tomato growth (tomato health) as they delay the seed 
germination, reduce the germination percentage, induce the 
nutritional disorders, inhibit the shoot growth, and reduce 
the tomato plant growth.  Finally, it can be recommended 
that to alleviate and manage the adverse effects of the 
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salinity stress and water stress on the tomato growth 
(tomato health), the good cultural practices management to 
be followed are: (1) apply the appropriate and optimized 
requirements of potassium fertilization to the soil and (2) 
use the drip irrigation system as an irrigation management 
which affects on soil salinity buid-up and soil water 
content since it can keep a high soil water content and low 
salt concentration in the root zone.  
2. Effects of the salinity and water stress on the tomato 

yield and yield components under application of the 
potassium fertilization 

Number of the tomato fruits per plant 
The effects of irrigation water salinity and intervals 

on the tomato yield and yield components under 
application of potassium fertilization in the two growth 
seasons is illustrated in Table 4. It can be seen that 
increasing irrigation water salinity level from 2.24 dS m-1 
to 3.86 dS m-1 slightly increased the number of tomato 
fruits per plant in the two growth seasons. The slight 
increase in the number of tomato fruits per plant was not 
significant (p = 0.05) in the first growth season, whereas, it 
was significant (p = 0.05) in the second growth season. 
This result is in agreement with that reported by Al-Busaidi 
et al. (2010) who found that under the saline condition (3 
and 6 dS m-1), it was observed that all the tomato plant 
parameters of the different varieties were reduced 
compared to the control except for the number of fruits.  

Increasing the irrigation intervals from 3 to 4 days 
significantly increased (p = 0.05) the number of tomato 
fruits per plant (Table 4). Increasing the irrigation intervals 
from 3 to 5 days had no significant effect on the number of 
tomato fruits per plant in the first growth season, while, it 
result in a significant slight increase (p = 0.05) in the number 
of tomato fruits per plant in the second growth season.  
Increasing the potassium fertilization level from 96 to 120 kg 
K2O/feddan significantly increased (p = 0.05) the number of 
tomato fruits per plant in the first growth season, however, it 
gave a not significant slight increase (p = 0.05) in the 
number of tomato fruits per plant in the second growth 
season. Increasing the potassium fertilization level from 96 
to 144 kg K2O/feddan gave a slight increase in the number 
of tomato fruits per plant in the first growth season, while, it 
resulted in a slight decrease in the number of tomato fruits 
per plant in the second growth season. The slight increase in 
the number of tomato fruits per plant in the first growth 
season and the slight decrease in the number of tomato fruits 
per plant in the second growth season were not significant. 
The increase in the number of tomato fruits per plant in the 
two growth seasons implies that application of the potassium 
fertilization to the soil alleviated the negative effects of the 
salinity stress and water stress on the number of tomato fruits 
per plant. This result is in agreement with that reported by 
Zayton et al. (2009) who indicated that increasing K+ from 
0.0 to 40, 80, and 120 kg/fed resulted in an increase in the 
tomato fruit number (FN) by about 9.8, 22, and 29.3%, 
respectively. A significant interaction of the ECiw and K+ on 
the FN was noted. These results declare that the effect of 
ECiw levels on the FN was more pronounced than the effect 
of the K+ treatments. 
Average tomato fruit weight 

It can be observed from Table 4 that increasing the 
irrigation water salinity level from 2.24 dS m-1  to 3.86  

dS m-1 significantly decreased  (p = 0.05) the average tomato 
fruit weight in the two growth seasons. This result is in 
agreement with those reported by several authors. Campos et 
al. (2006) reported that average tomato fruit weight was 
decreased from 53 g to 32 g for ECw = 1.0 and 5 dS m-1, 
respectively; the reduction was 9.2% for the unit increase of 
ECw above 1.0 dS m-1. Similarly, Malash et al. (2008) 
indicated that salinity (at 3 dS/m and above) significantly 
reduced the tomato fruit weight. Also, Using 100% saline 
water in the irrigation significantly reduced the average 
weight of a fruit compared to those produced with fresh 
water. Moreover, Tantawy et al. (2009) pointed out that the 
average tomato fruit weight showed a negative response to 
the increment in the salinity level [saline solution with 
different EC strengths namely (3000, 4000, and 5000 ppm)].  

Increasing the irrigation intervals from 3 to 4 days 
increased the average tomato fruit weight in the first growth 
season, while, it was slightly decreased the average tomato 
fruit weight in the second growth season. Increasing the 
irrigation intervals from 3 to 5 days slightly increased the 
average tomato fruit weight in the two growth seasons 
(Table 4). The increase in the average tomato fruit weight 
was not significant (p = 0.05) in the two growth seasons. 
Ismail et al. (2007) revealed that the average tomato fruit 
weight for 1-day irrigation frequency was higher than that of 
3- days frequency. The most important factors, which have 
direct impact on the fruit weight and number, were the soil 
water content and soil temperatures. However, the soil water 
content affected mainly the fruit weight.  The average 
tomato fruit weight was significantly increased (p = 0.05) 
with increasing the potassium fertilization level from 96 up 
to 144 kg K2O/feddan in the two growth seasons (Table 4). 
The increase in the number of tomato fruits per plant in the 
two growth seasons suggests that the application of 
potassium fertilization to the soil alleviated the adverse 
effects of the irrigation salinity stress and water stress on the 
average tomato fruit weight.  
Fresh tomato fruit yield 

It can be seen that increasing the irrigation water 
salinity level from 2.24 dS m-1 to 3.86 dS m-1 significantly 
decreased (p = 0.05) the fresh tomato fruit yield. The 
decrease in the fresh tomato fruit yield in the two growth 
seasons may be ascribed to the reduction in the average 
tomato fruit weight which was occurred when the tomato 
plants were irrigated with the well water No. 2 (Table 4). 
These results are in harmony with those reported by several 
authors. Ayres and Westcot (1994) pointed out that in the 
areas where irrigation management (leaching) cannot 
control salinity within the tolerance of a preferred crop, a 
yield loss will result unless an alternate crop more tolerant 
to the expected salinity is planted. In addition, Katerji et al. 
(1998) found that the reduction in the tomato fruit yield of 
the most saline treatment (3.6 dS m-1) is about 60%. The 
reduction in the tomato fruit yield corresponds with a 
reduction in the fruit weight and in the number of fruit per 
plant. Furthermore, Shannon and Grieve (1999) showed 
that the cause of reduction of the yield under the salinity is 
a matter of controversy. It has been related either to the 
salt-induced disturbance of the water balance or to a loss of 
the leaf turgor, which can reduce the leaf expansion and 
consequently the photosynthetic leaf area. Moreover, 
Cuartero et al. (2006) reported that the reduction in the 
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tomato yield was caused by reduced mean fruit weight as 
the salinity caused reduced water availability and 
biochemical and physiological disturbances in the rooting 
medium. Also, Malash et al. (2008) indicated that 
increasing the salinity of irrigation water gradually 
decreased the tomato yield. But reduction in the yield was 
significant only at 3 dS/m and above. This means that the 

salinity of irrigation water up to 2 dS/m could not 
significantly reduce the tomato yield. Drip irrigation had a 
favorable effect on tomato yield compared to the furrow 
irrigation, under both the saline and non-saline conditions. 
Similarly, Al-Harbi et al. (2015) found that irrigation with 
the saline water significantly reduced the total dry tomato 
biomass and total tomato fruits yield. 

 

Table 4. Effects of irrigation water salinity and intervals on the tomato yield and yield components under 
application of potassium fertilization in the two growth seasons.* 

Treatment 
First growth season Second growth season 

Fruit number 
per plant 

Average fruit 
weight (g) 

Fresh tomato fruit 
yield (ton/feddan) 

Fruit number 
per plant 

Average fruit 
weight (g) 

Fresh tomato fruit 
yield (ton/feddan) 

S1T1K1 44.33 54.39 18.90 42.67 53.58 17.04 
S1T1K2 43.81 55.35 19.40 41.92 54.03 18.12 
S1T1K3 42.38 53.29 18.44 40.13 49.92 17.20 
Mean 43.51 54.34 18.91 41.57 52.51 17.45 
S1T2K1 44.11 64.91 23.16 41.61 54.47 18.86 
S1T2K2 44.98 66.38 23.84 42.51 56.57 19.36 
S1T2K3 43.25 65.63 22.46 40.39 56.66 17.60 
Mean 44.11 65.64 23.15 41.50 55.90 18.61 
S1T3K1 43.46 64.84 24.10 42.85 57.67 21.08 
S1T3K2 44.49 68.00 24.98 43.16 62.09 21.46 
S1T3K3 43.76 67.02 22.70 41.70 61.50 19.24 
Mean 43.90 66.62 23.93 42.57 60.42 20.59 
S2T1K1 38.20 44.24 15.80 37.35 40.57 14.28 
S2T1K2 43.51 48.50 16.88 43.08 43.64 15.04 
S2T1K3 46.62 51.70 16.50 45.72 47.79 14.84 
Mean 42.78 48.15 16.39 42.05 44.00 14.72 
S2T2K1 52.46 42.32 18.24 51.36 39.71 16.12 
S2T2K2 49.11 44.49 17.40 48.66 40.38 15.72 
S2T2K3 43.83 43.46 14.84 43.44 39.23 13.80 
Mean 48.47 43.42 16.83 47.82 39.77 15.21 
S2T3K1 44.50 38.60 15.40 44.15 35.82 14.28 
S2T3K2 41.05 40.56 13.32 42.45 37.10 12.60 
S2T3K3 40.67 43.26 12.56 42.02 40.43 12.04 
Mean 42.07 40.81 13.76 42.87 37.78 12.97 
L.S.D at 5 % level: 
Salinity (A) 
Intervals (B) 
Potassium (C) 
(A) X (B) 
(A) X (C) 
(B) X (C) 
(A) X (B) X (C) 

 
0.934 
0.745 
0.809 
1.321 
N.S. 
1.455 
2.058 

 
6.788 
N.S. 
3.763 
5.760 
N.S. 
N.S. 
N.S. 

 
1.382 
0.391 
0.524 
0.585 
0.740 
0.907 
1.282 

 
0.824 
0.671 
0.029 
N.S. 
0.003 
N.S. 
1.458 

 
5.723 
N.S. 
3.361 
5.310 
N.S. 
N.S. 
N.S. 

 
0.454 
0.407 
0.577 
0.575 
0.003 
1.000 
1.128 

* Each value represents means of three replicates. 
 

Increasing the irrigation intervals from 3 to 4 days 
significantly increased (p = 0.05) the fresh tomato fruit yield 
in the two growth seasons (Table 4).  Increasing the 
irrigation intervals from 3 to 5 days significantly increased (p 
= 0.05) the fresh tomato fruit yield. These results are in 
harmony with those reported by several authors. Ayres and 
Westcot (1994) pointed out that crop production potential 
using a particular irrigation water can range from 100 
percent down to zero but there are often factors other than 
water quality which affect yield. Reduced yields or crop 
damage can be expected for most crops when there is a 
shortage of water for a significant period of time. In addition, 
Hanson et al. (2006) showed that a significant linear 
regression relationship between the marketable tomato yield 
and the applied water was found with the yield decreasing as 
the applied water was decreased. Nevertheless, Ismail et al. 
(2007) reported that the most important factors, which have 
direct impact on the tomato fruit weight and number, were 
the soil water content and soil temperatures. However, soil 
water content affected mainly the fruit weight. Moreover, 
Farooq et al. (2008) demonstrated that the scarcity of water 
is a severe environmental constraint to the plant productivity. 
Drought-induced loss in the crop yield probably exceeds the 

losses from all other causes, since both the severity and 
duration of the stress are critical. The drought stress reduces 
the leaf size, stem extension, and root proliferation, disturbs 
plant water relations, and reduces the water-use efficiency. 
Likewise, Rahil et al. (2013) revealed that the total and 
marketable tomato fruit yield was decreased with increasing 
salinity level particularly in the treatments irrigated every 
three days. Also, Pascual and Cabahug (2015) reported that 
looking at the individual effect of the irrigation frequency 
(daily, two days interval, and three days interval) to the yield 
of tomato, a general reduction in the yield was observed as 
the stress level experienced by the plants increased.  

Increasing the potassium fertilization level from 96 
to 120 kg K2O/feddan slightly increased the fresh tomato 
fruit yield in the two growth seasons as shown in Table 4. 
Increasing the potassium fertilization level from 96 to 144 kg 
K2O/feddan significantly decreased the fresh tomato fruit 
yield in the two growth seasons. The slightly increase in the 
fresh tomato fruit yield was significant (p = 0.05) in the two 
growth seasons. This increase in the fresh tomato fruit yield 
suggests that application of the potassium fertilization to the 
soil alleviated the negative effects of the salinity stress and 
water stress on the fresh tomato fruit yield. These results are 
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in agreement with those reported by Akhtar et al. (2010) 
who showed that the yield of tomatoes was significantly 
increased with K application. Tomato is a high K requiring 
crop and K application increased the yield though soil had 
relatively high plant available K. 
3. Effects of the salinity and water stress on the tomato 

fruit quality parameters under application of the 
potassium fertilization  

Total Soluble Solids (T.S.S. %) 
The effect of irrigation water salinity and irrigation 

intervals on some tomato fruit quality parameters under 
application of the potassium fertilization in the two growth 
seasons is summarized in Table 5. It can be seen that 
increasing irrigation water salinity level from 2.24 dS m-1 to 
3.86 dS m-1 significantly increased (p = 0.05) the total 
soluble solids of tomato in  the two growth seasons. This 
result is in harmony with those reported by several authors. 
Yurtseven et al. (2005) indicated that increasing the salinity 
levels (1.25, 2.5, 5, and 10 dS m-1) resulted in higher soluble 
solid content (SSC) and decreased the pH of the fruit juice. 
In addition, Krauss et al. (2006) revealed that the higher EC 
values (E.C. 6.5 and 10 dS m-1) caused an increase of the 
total soluble solids and organic acids, parameters 
determining the taste of tomatoes. As all desirable 
characteristics in the freshly produced tomato increased 
when exposed to salinity, salinity itself constitutes an 
alternative method of quality improvement. Moreover, it can 
compensate for the loss of yield by the higher inner quality 
due to changing demands by the market and the consumer. 
Also, Malash et al. (2007) showed that an increasing ratio of 
saline water in the irrigation caused an increase in fruit TSS 
content. Zayton et al. (2009) showed that increasing ECiw 
strongly increased the TSS of tomato. Increasing the ECiw to 
5 and 10 dS/m increased the TSS values by about 48.4 and 
98.2%, respectively. These results confirmed that the TSS of 
tomato was strictly related to the ECiw.  

The total soluble solids of tomato was significantly 
increased (p=0.05) by increasing the irrigation interval 
from 3 up to 5 days in the two growth seasons (Table 5). 
This significant increase in the total soluble solids of 
tomato may be due to the reduction in water intake by the 
fruits. This result is in agreement with those reported by 
Mitchell et al. (1991) who showed that deficit irrigation 
increased fruit soluble solids levels and, led to higher 
concentrations of hexoses, citric acid, and potassium.  

Increasing the potassium fertilization level from 96 
up to 144 kg K2O/feddan significantly increased (p = 0.05) 
the total soluble solids of tomato in the two growth seasons 
as shown in Table 5. This increase in the tomato shoots fresh 
weight suggests that application of the potassium 
fertilization to the soil alleviated the negative effects of the 
salinity stress and water stress on the total soluble solids of 
tomato. These results are in agreement with those reported 
by several researchers. Çolpan et al. (2013) showed that the 
oBrix value of fruit was increased with increasing K doses 
until 120 kg K2O/ha, after which it decreased. Moreover, 
Amjad et al. (2014) indicated that the application of 
potassium increases the yield and quality of tomato fruits in 
saline soil. The improvement in the fruit quality 
characteristics (TSS and dry matter percent) in response to 
salinity stress could be due to decreased fruit water content. 
It was concluded that application of potassium increases 

yield and quality of tomato fruits in the saline soil, and it 
could be used as an effective practice to produce even a salt-
sensitive species like tomato under saline conditions. 
Tomato fruits marketability [(shelf life duration (days)] 

It is obvious from Table 5 that increasing the 
irrigation water salinity level from 2.24 dS m-1 to 3.86 dS m-1 
significantly increased (p = 0.05) the tomato fruits 
marketability (shelf life) in the two growth seasons (Table 
5).  Increasing the irrigation intervals from 3 up to 5 days 
significantly increased (p = 0.05) the tomato fruits 
marketability in the two growth seasons (Table 5). This 
significant increase in the tomato fruits marketability was 
accompanied with the increase in the tomato total solids 
which was occurred as a result of increasing the irrigation 
intervals from 3 up to 5 days (Table 5). Grieve (2011) 
pointed out that for fresh fruit consumption, tomato quality is 
determined by shape, size, color, firmness, texture, absence 
of blemishes (shoulder cracking, BER), shelf life, aroma, 
flavor, and nutritional benefits. Increasing the potassium 
fertilization level from 96 up to 144 kg K2O/feddan 
significantly increased (p = 0.05) the tomato fruits 
marketability in the two growth seasons as shown in Table 5. 
This increase in the tomato shelf life indicates that 
application of the potassium fertilization to the soil alleviated 
the drastic effects of the salinity stress and water stress on the 
tomato fruits marketability. This result is in agreement with 
those reported by several authors. 
Tomato fruit dry weight 

It is clear that increasing the irrigation water salinity 
level from 2.24 dS m- to 3.86 dS m-1 significantly decreased 
(p = 0.05)  the tomato fruit dry weight in the two growth 
seasons. The significant decrease in the tomato fruit dry 
weight was accompanied with the decrease in the fresh 
tomato fruit yield which was occurred as a result of 
increasing the irrigation water salinity from 2.24 to 3.86 
dS/m (Table 4). This result is in harmony with those 
reported with several authors. Babu et al. (2012) found that 
dry matter content of mature tomato fruits was found to be 
decreased with application of elevated salt treatment (25, 50, 
100, 150, and 200 mM NaCl). Also, Amjad et al. (2014) 
reported that the improvement in tomato fruit dry matter 
percent in response to salinity stress could be due to 
decreased fruit water content. 

It can be seen from Table 5 that increasing the 
irrigation intervals from 3 to 4 days slightly increased 
the tomato fruit dry weight in the two growth seasons. 
This slight increase in the tomato fruit dry weight was 
not significant (p = 0.05) in the two growth seasons. 
However, increasing the irrigation intervals from 3 to 5 
days slightly decreased the tomato fruit dry weight in 
the two growth seasons. This slight decrease in the 
tomato fruit dry weight was not significant (p = 0.05) in 
the two growth seasons. This result is consistent with 
those reported with several researchers. 

Increasing the potassium fertilization level from 
96 to 120 kg K2O/feddan increased the tomato fruit dry 
weight in the two growth seasons. Increasing the 
potassium fertilization level from 96 to 144 kg 
K2O/feddan slightly decreased the tomato fruit dry 
weight in the two growth seasons as presented in Table 
5. The increase in the tomato fruit dry weight was not 
significant (p = 0.05) in the two growth seasons. This 
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increase in the tomato fruit dry weight suggests that 
application of the potassium fertilization to the soil 

alleviated the negative effects of the salinity stress and 
water stress on the tomato fruit dry weight. 

 

 

Table 5. Effects of irrigation water salinity and intervals on some tomato fruit quality parameters under 
application of potassium fertilization in the two growth seasons.* 

Treatment First growth season Second growth season 
TSS (%) Shelf life (days) Dry mass (ton/feddan) TSS (%) Shelf life (days) Dry mass (ton/feddan) 

S1T1K1 4.50 3.00 1.565 5.50 3.50 1.363 
S1T1K2 5.00 3.50 2.040 5.00 3.50 1.622 
S1T1K3 5.00 4.00 2.169 6.00 4.50 1.885 
Mean 4.83 3.50 1.925 5.50 3.83 1.623 
S1T2K1 5.50 3.00 1.686 6.00 3.50 1.522 
S1T2K2 5.50 4.00 2.129 6.00 4.50 1.721 
S1T2K3 5.00 5.50 2.286 6.00 5.50 1.944 
Mean 5.33 4.17 2.034 6.00 4.50 1.729 
S1T3K1 5.00 3.50 1.617 6.00 4.00 1.469 
S1T3K2 5.50 5.50 2.030 6.50 5.50 1.566 
S1T3K3 6.00 5.50 2.129 6.50 5.50 1.780 
Mean 5.50 4.83 1.925 6.33 5.00 1.605 
S2T1K1 6.00 3.50 1.403 6.50 4.00 1.242 
S2T1K2 7.50 4.50 1.561 7.00 4.50 1.336 
S2T1K3 8.00 4.50 1.537 8.00 5.00 1.395 
Mean 7.17 4.17 1.500 7.17 4.50 1.324 
S2T2K1 6.00 4.00 1.528 7.00 5.00 1.331 
S2T2K2 7.50 5.00 1.683 7.50 5.50 1.476 
S2T2K3 8.50 5.50 1.349 8.50 6.00 1.254 
Mean 7.33 4.83 1.520 7.67 5.50 1.354 
S2T3K1 7.00 4.50 1.561 7.50 5.00 1.336 
S2T3K2 8.00 5.50 1.459 8.50 5.50 1.326 
S2T3K3 8.50 6.00 1.291 9.00 6.00 1.228 
Mean 7.83 5.33 1.437 8.33 5.50 1.297 
L.S.D at 5 % level: 
Salinity (A) 
Intervals (B) 
Potassium (C) 
(A) X (B) 
(A) X (C) 
(B) X (C) 
(A) X (B) X (C) 

 
0.095 
0.033 
0.045 
0.033 
0.029 
N.S. 
0.029 

 
0.208 
0.117 
0.120 
0.086 
0.075 
0.943 
0.190 

 
0.152 
0.143 
0.231 
N.S. 
0.073 
0.893 
0.126 

 
0.061 
0.033 
0.045 
0.033 
0.029 
N.S. 
0.029 

 
0.109 
0.045 
0.045 
0.033 
0.029 
0.361 
0.072 

 
0.109 
0.115 
0.209 
0.263 
0.518 
0.634 
0.090 

* Each value represents means of three replicates. 
 

CONCLUSION 
 

The present study attempts to increase salt tolerance 
of tomato plants irrigated with different irrigation water 
salinity and stress levels by adding different potassium 
fertilization levels, which might minimize the deleterious 
effects of salinity and water stress on crop yield, quality 
and growth parameters of tomato plants under drip 
irrigation system.  Increasing potassium fertilization level 
from 96 up to 144 kg K2O/feddan increased the tomato 
plant height, tomato shoots dry weight, average tomato 
fruit weight, total soluble solids of tomato, and tomato 
fruits marketability. The increase in the tomato plant 
height, tomato shoots fresh weight, tomato shoots dry 
weight, number of tomato fruits per plant, average tomato 
fruit weight, fresh tomato fruit yield, total soluble solids of 
tomato, tomato fruits marketability, and tomato fruit dry 
weight implies that application of the potassium 
fertilization to the soil alleviated the adverse effects of the 
salinity stress and water stress on the tomato growth, 
tomato yield, and tomato fruit quality. 

Increasing irrigation water salinity level from 2.24 
dS m-1 to 3.86 dS m-1 decreased the tomato plant height, 
tomato shoots fresh weight, average tomato fruit weight, 
fresh tomato fruit yield, and tomato fruit dry weight, while, 
it increased the tomato shoots dry weight, number of 
tomato fruits per plant, total soluble solids of tomato, and 
tomato fruits marketability (shelf life) in the two growth 
seasons.  Increasing irrigation interval from 3 up to 5 days 
decreased tomato shoots fresh weight in two growth 

seasons, however, it increased tomato shoots dry weight, 
total soluble solids, and tomato fruits marketability in two 
growth seasons.  It could be recommended that to alleviate 
and manage adverse effects of salinity and water stress on 
tomato growth, yield, and fruit quality, good cultural 
practices management to be followed are: (1) irrigate 
tomato plants every 4 days, using drip irrigation system (2) 
applying appropriate and optimized requirements of 
potassium fertilization to soils namely 120 kg K2O/feddan.  
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 لتنقيطدور التسميد بالبوتاسيوم في تحمل الطماطم لملوحة ونقص مياه الري تحت نظام الري با
  و  2، محيى الدين محمد عبد العظيم 3أمير فتح الباب أحمد عبدالرحيم ،2حسن علي حسن،  1يسري تمام عبدالمجيد

 2محمد احمد اسماعيل معتوق
  قسم الخضر، كلية الزراعة، جامعة المنيا، مصر 1
  قسم ا�راضي والمياه، كلية الزراعة، جامعة المنيا، مصر 2
  المعمل المركزي، كلية الزراعة، جامعة المنيا، مصر 3
  

ديسيسيمنز/م)،  3.86و  2.24أجريت تجارب حقلية لموسمي نمو متعاقبين للطماطم النامية في أراضي مستصلحة حديثاً والمروية بالمياه الجوفية (التوصيل الكھربي 
. وقد أُجريت ھذه التجارب في مركز التجارب   (and 144 kg K2O/feddan ,120 ,96) ھا بالبوتاسيومأيام)، وتم تسميد 5، 4، 3والتي تعرضت ل�جھاد المائي (الري كل 

في وجود التسميد البوتاسي  محصول ونمو نباتات الطماطم وجودتھاوالبحوث الزراعية، كلية الزراعة، جامعة المنيا، مصر، لتقدير تأثير ملوحة المياه الجوفية وفترات الري على 
ديسيسيمنز/متر إلي نقص في طول نباتات  3.86إلي  2.24أدت زيادة مستوي ملوحة ماء الري من تحت نظام الري بالتنقيط. علي الطماطم أثر الملوحة وكذلك نقص المياه  لتقليل

ار الطماطم، بينما أدت إلي زيادة الوزن الجاف الطماطم والوزن الطازج ل¨جزاء الخضرية ومتوسط وزن ثمرة الطماطم ومحصول ثمار الطماطم الطازجة والوزن الجاف لثم
أيام إلي نقص في الوزن  5أيام حتي  3أدت زيادة فترات الري من  ية للطماطم وتسويق ثمار الطماطم.ل¨جزاء الخضرية للطماطم وعدد ثمار الطماطم لكل نبات والجوامد الذائبة الكل

جزاء الخضرية، بينما أدت إلي زيادة الوزن أيام  3الجاف ل¨جزاء الخضرية والجوامد الذائبة الكلية للطماطم وتسويق ثمار الطماطم. في حين أدت زيادة فترات الري من  الطازج ̈ل
اطم. كما أدت لثمار الطم أيام إلي زيادة طول نباتات الطماطم وعدد ثمار الطماطم لكل نبات ومتوسط وزن ثمرة الطماطم ومحصول ثمار الطماطم الطازجة والوزن الجاف 4إلي 

أيام إلي نقص في طول نباتات الطماطم والوزن الجاف لثمار الطماطم، بينما أدت إلي زيادة عدد ثمار الطماطم لكل نبات ومتوسط وزن ثمرة  5أيام إلي  3زيادة فترات الري من 
أ/فدان إلي زيادة في طول نباتات الطماطم والوزن الجاف 2كجم بو 144فدان حتي أ/2كجم بو 96أدت زيادة مستوي التسميد البوتاسي من  طم ومحصول ثمار الطماطم الطازجة.الطما

كجم  120أ/فدان إلي 2كجم بو 96 ل¨جزاء الخضرية ومتوسط وزن ثمرة والجوامد الذائبة الكلية للطماطم وتسويق ثمار الطماطم. كذلك أدت زيادة مستوي التسميد البوتاسي من
ازج ل¨جزاء الخضرية وعدد ثمار الطماطم لكل نبات ومحصول ثمار الطماطم الطازجة والوزن الجاف لثمار الطماطم. كما أدت زيادة مستوي أ/فدان إلي زيادة الوزن الط2بو

زاء الخضرية ومحصول ثمار أ/فدان إلي زيادة في عدد ثمار الطماطم لكل نبات، بينما أدت إلي نقص الوزن الجاف ل¨ج2كجم بو 144أ/فدان إلي 2كجم بو 96التسميد البوتاسي من 
وأخيراً، يمكن التوصية بأنه لتقليل التأثيرات الضارة ل�جھاد الملحي وا»جھاد المائي على نمو ومحصول وجودة ثمار الطماطم،  .الطماطم الطازجة والوزن الجاف لثمار الطماطم

كجم  120) إضافة ا»حتياجات المناسبة والمثالية من التسميد البوتاسي للتربة (2أيام ، ( 4لطماطم كل ) ري نباتات ا1فإنه يجب إتباع إدارة الممارسات الزراعية الجيدة كالتالي: (
على نسبة عالية من ) استخدام نظام الري بالتنقيط كإدارة للري والذي يؤثر على تراكم ا¶مµح في التربة ومحتوى التربة من الماء حيث أنه يمكن أن يحافظ 3أ/فدان)، و (2بو
  محتوى الرطوبي في التربة ويقلل من تركيز ا¶مµح في منطقة الجذور.ال
  


