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ABSTRACT 

A field study was conducted on the experimental farm of ministry of agriculture, located at Palestine Technical Univer- 
sity-Kadoorie, to investigate the effects of saline water irrigation through three irrigation intervals on yield of tomato 
crop and soil properties. The land was prepared and divided into 12 treatments, each of 48 square meters on the first of 
April. Tomato seedlings were planted on 25 April 2010; the seedlings were irrigated with fresh water for a period of 10 
days after planting. Three levels of saline water irrigation (3, 5, 7 dS/m) plus fresh water as control were applied during 
the growing season. The four irrigation water treatments were applied through three irrigation intervals (every day, 
every second day and every three days). Gravimetric soil moisture content and soil electrical conductivity were moni- 
tored every two weeks during the growing period. Yield measurements were taken for total fruit yield, marketable yield 
as a percent of total yield, and average fruit weight of each treatment. Results of this study indicated that, plant treat- 
ments irrigated with saline water gave the highest yield for treatments irrigated every day compared to the treatments 
irrigated every second day and every three days. Statistical analysis showed significant differences in yield reduction 
between every second day and every three days irrigation intervals under 5 and 7 dS/m saline irrigation levels, while 
there was no significant difference between irrigation intervals under 3 dS/m salinity level. 
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1. Introduction 

The declining availability of fresh water has become a 
worldwide problem, which endorses the development of 
alternative, secondary quality water resources for agri- 
cultural use. In Palestine, besides water scarcity, water 
quality is deteriorating and water salinity is increasing 
due to uncontrolled discharges of untreated or poorly 
treated wastewater, over-abstraction of the aquifers, and 
the excessive use of fertilizers in agriculture. Field drai- 
nage water, urban wastewater, domestic gray water and 
saline water are reused and recycled for irrigation in 
many parts of the world. When saline water is used, sev- 
eral factors have to be considered: plant tolerance, irriga- 
tion system, water management strategies, irrigation in- 
tervals and soil properties. 

Salinity can negatively affect plants through three ma- 
jor components: osmotic, nutritious, and toxic stresses 
[1,2]. When exposed to salinity, growth, development, 

and yield of most cultivated crops tend to decline, with 
consequent reduction in their economic value [3]. How- 
ever, the response pattern of many crop species may sub- 
stantially change due to environmental conditions (e.g., 
soil properties and weather) as well as by agricultural 
practices [4] (e.g., irrigation methods). Many studies 
have reported substantial increases in crop yield as a re- 
sult of suitable irrigation management under saline con- 
ditions [3,5-9]. 

Several studies have indicated that when saline water 
is used for irrigation, more attention should be given to 
minimize root-zone salinity [10-12]. Others have indi- 
cated the need to select appropriate irrigation systems 
and practices that will supply a sufficient quantity of wa- 
ter to the root zone to meet the evaporative demand and 
to minimize salt accumulation inside the root zone [13]. 
Other approach is to select crops and varieties that can 
tolerate a degree of water and salinity stress [14,15]. 

The objective of this work is to study the effects of ir- 
rigation with three levels of saline water (3, 5, 7 dS/m) *Corresponding author. 
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and with fresh water as control, through three irrigation 
intervals (every day, every second day, and every three 
days) using drip irrigation system on growth and yield of 
tomato crop and on soil salinity. 

2. Materials and Methods 

A field study was conducted in the experimental farm of 
the ministry of agriculture, located at Palestine Technical 
University-Kadoorie, to investigate the effect of irriga- 
tion with three saline water levels through three irrigation 
intervals on growth and yield of tomato crop and soil 
salinity. To conduct this study, the experimental field 
was prepared and divided into 12 treatments, each of 48 
square meters, at the beginning of April 2010. Basic fer- 
tilizers at rate of 200 kg/du superphosphate and 150 
kg/du ammoniac were applied before planting. A drip irri- 
gation system was installed and characterized by emitter 
discharge of 4 l/hr and spacing between emitters and lat- 
erals at 40 and 100 cm, respectively. 

Tomato seedlings were cultivated in an open field, on 
25 April 2010. An amount of 101 kg/du compound fer- 
tilizer (20-8-11), and 28 kg/du compound fertilizer 
(14-14-14) were applied during the growing period. 

Plants were irrigated with three saline water levels (3, 
5, 7 dS/m) and with fresh water as control. Irrigation 
water treatments were applied through three irrigation 
intervals (every day, every second day and every three 
days) with a total of 12 treatments. Saline water was 
prepared by mixing fresh water with sodium chloride salt 
in three tanks. Same amount of irrigation water were 
applied for each treatment during the growing period 
(Figure 1). At the beginning of the growing period, all 
treatments were irrigated with fresh water for a period of 
10 days. 

Soil samples were taken at initial condition at depths 
of 0 - 20, 20 - 40 & 40 - 60 cm, and every two weeks 
during the experimental period at depth of 0 - 30 cm. Soil 
samples were analyzed at a central laboratory in Nablus to 
study the (soil texture, soil moisture content, soil electrical 
conductivity, soil pH, Ca, Mg, and Na). Soil electrical 
conductivity was analyzed using saturation past. 
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Figure 1. The monthly amount of irrigation water that ap- 
plied for each treatment during the growing period. 

(Table 1) shows the physical and chemical properties of 
the soil at initial condition. Plant measurements were 
taken for total yield, marketable yield, and average fruit 
weight of each treatment. 

3. Results and Discussion  

3.1. Yield Production of Tomato 

The results of this study showed that, the treatments irri- 
gated with fresh water (control) gave the highest yield 
compared to the treatments irrigated with different saline 
water levels, particularly for plants irrigated every sec- 
ond day. Under saline irrigation, the highest yield ob- 
served for treatments irrigated every day compared to the 
treatments irrigated every second day and every three 
days (Figure 2). Reduced total and marketable fruit yield 
with increasing salinity level was a consequence of reduc- 
tion in fruit fresh weight (Table 2). [16-18] reported 
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Figure 2. Impact of three levels of saline water irrigation 
through three irrigation intervals on tomato yield. 
 

Table 1. The physio-chemical properties of the soil. 

Depth
(cm)

Texture
ECe

(dS/m)
pH

TDS 
ppm 

Ca2+ 
ppm 

Mg2+ 
ppm 

Na1+

ppm
K1+

ppm
Cl1−

ppm

0 - 20 Sandy clay 0.28 7.3 181.3 3.7 4.7 22.5 3.3 132.9

20 - 40 Sandy clay 0.27 7.3 171.5 3.6 5.1 23.4 3.1 138.4

40 - 60 Sandy clay 0.25 7.3 161.6 3.4 4.7 22.5 2.9 141.2

 
Table 2. The average fruit weight of tomato under saline 
water irrigation through three irrigation intervals. 

Irrigation intervals 

Every three daysEvery second day Every day 

Fruit weight (g) Fruit weight (g) Fruit weight (g) 

Irrigation 
salinity 
level 

130 134 133 Control 

120 122 130 3 dS/m 

113 115 126 5 dS/m 

92 97 102 7 dS/m 
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that, the numbers of fruits was not affected by moderate 
salinity, and the yield reduction was entirely due to 
smaller fruit. Others found that, the number of harvested 
fruit per plant reduced with salinity [19-21]. 

3.2. Relative Yield Reduction 

Total and marketable fruit yield decreased with in- 
creasing salinity level, and clearly followed Maas and 
Hoffman model [22], particularly in treatments irrigated 
every three days. Moreover, there were differences in 
yield reduction through the three irrigation intervals. 
Tomato yield reduced 9% under 3 dS/m saline irrigation 
level when plants irrigated every day, compared to the 
yield reduction of 16% and 23%, through every second 
day and every three days irrigation intervals, respectively, 
under the same salinity level. Under 5 dS/m salinity level 
the yield reduced 14%, when plants irrigated every day, 
while the yield reduced 27% and 35%, for treatments 
irrigated every second day and every three days, respec- 
tively, under the same salinity level. In addition to that, 
total yield reduced only 26%, under 7 dS/m salinity level 
when plants irrigated every day, compared to yield re- 
duction of 40% and 50% for treatments irrigated every 
second day and every three days, respectively (Table 3). 
Statistically, there were no significant differences in yield 
reduction between irrigation intervals under 3 dS/m sa- 
line irrigation level. In contrast, under 5 and 7 dS/m sa- 
line irrigation, statistical analysis showed significant dif- 
ferences in yield reduction between every day and every 
three days irrigation intervals (Figure 3). These results 
indicated that, when using highly saline water for irriga- 
tion purposes, short irrigation interval (every day) is 
recommended to decrease the yield reduction caused by 
salinity stress. 

3.3. Soil Moisture Content 

The soil moisture content status depended on the irriga- 
tion intervals and salinity levels of irrigation water. Irre- 
spective of the irrigation intervals, the gravimetric soil 
moisture content (θw) of the treatments irrigated with 
fresh water (control) was lower than that under different 
levels of saline water irrigation (Figure 4). This explains 
the potential of plant to uptake much water under fresh 
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Figure 3. Impact of saline water irrigation levels through 
three irrigation intervals on tomato yield reduction. Treat- 
ments with the same letters do not differ significantly (P < 
0.05). 
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Figure 4. Impact of saline water irrigation through three 
irrigation intervals on soil moisture content during the 
growing period at depth of 0 - 30 cm. 

 
Table 3. Total yield of tomato and percent of yield reduction under saline water irrigation through three irrigation intervals. 

Irrigation intervals 

Every three days Every second day Every day 

Yield reduction (%)Total yield (Kg/du) Yield reduction (%)Total yield (Kg/du)Yield reduction (%) Total yield (Kg/du) 

Irrigation  
salinity 

level 

23 4025 ± 278 16 4915 ± 356 9 5015 ± 605 3 dS/m 

35 3442 ± 207 27 4317 ± 168 14 4733 ± 247 5 dS/m 

50 2629 ± 203 40 3510 ± 286 26 4054 ± 260 7 dS/m 
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water irrigation without water stress. [23,24] found that, 
tomato plants irrigated with saline water transpire less 
water than when fresh water is used. [25] indicated that, 
irrespective of irrigation interval, the volumetric soil 
moisture under saline water treatment was higher than 
that under good quality water treatments. 

3.4. Soil Electrical Conductivity and pH 

The results of soil analysis before planting showed that 
the initial electrical conductivity of the soil was 0.28 
dS/m, while the electrical conductivity reached up to 4 
dS/m at the end the experiment for the three irrigation 
intervals, with the highest salinity level at the treatments 
irrigated every day and every second days mainly under 
7 dS/m saline irrigation level (Figure 5). The low irriga- 
tion intervals imposed a more rapid salt accumulation in 
the root zone, which was ascribed to restriction of the 
volume of drainage solution. 

[26-28] reported that one consequence of reducing ir- 
rigation water use by deficit irrigation is the greater risk 
of increased soil salinity due to reduced leaching. The 
soil pH was in the normal range and was not affected by 
the saline irrigation during the growing period (Figure 
6). 

4. Conclusions 

Evidence from this study indicated that, under moderate 
 

Irrigation every day

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0

23/03/2010 12/04/2010 02/05/2010 22/05/2010 11/06/2010 01/07/2010 21/07/2010

Crop grow ing period 

E
C

e
, d

S
/m

 control
ECi 3dS/m
ECi 5dS/m
ECi 7dS/m

 
Irrigation every second day

0.0

1.0

2.0

3.0

4.0

5.0

6.0

23/03/2010 12/04/2010 02/05/2010 22/05/2010 11/06/2010 01/07/2010 21/07/2010

Crop grow ing period

E
C

e
, d

S
/m

 

control
ECi 3dS/m 
ECi 5dS/m
ECi 7dS/m

 
Irrigation every three days

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0

23/03/2010 12/04/2010 02/05/2010 22/05/2010 11/06/2010 01/07/2010 21/07/2010

Crop grow ing period

E
C

e
, d

S
/m

 

control
ECi 3dS/m
ECi 5dS/m
ECi 7dS/m

 

Figure 5. Impact of saline water irrigation through three 
irrigation intervals on soil electrical conductivity during the 
growing period at depth of 0 - 30 cm. 
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Figure 6. Impact of saline water irrigation through three 
irrigation intervals on soil pH during the growing period at 
depth of 0 - 30 cm. 
 
saline irrigation (3 dS/m) the tomato yield production 
was not significantly affected by irrigation intervals, 
while under highly saline irrigation (5, 7 dS/m), the yield 
production significantly affected by irrigation intervals. 
Accordingly, when highly saline water is used for irriga- 
tion, it is recommended to use short irrigation interval 
(one day interval) instead of applying irrigation every 
three or four day as it is practiced by the farmers. How- 
ever, the short irrigation interval practice normally re- 
duces the plant stress under saline irrigation. 

Regarding the salt accumulation in the root zone, the 
results of this study showed an increase in soil salinity 
that reached up to 4 dS/m at the end of the growing pe- 
riod, particularly under highly saline irrigation. This 
emphasizes the need for conservation of soil properties 
besides the yield production of tomato under long-term 
saline irrigation. 
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