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ABSTRACT 
Field experiment was conducted in calcareous soil at 

Maryout Experimental Station Farm, Desert Research 
Center, Egypt to investigate the influence of deficit 
irrigation water using highly saline water on yield and 
water productivity of tomato (Lycopersicon esculentum, 
mill., cultivator 888) under drip and gated pipe irrigation 
systems. The tomato plants were subjected to 3 deficit 
irrigation depths (100, 75 and 50 % of ETc) throughout 3 
growth stages (development, flowering and harvesting) 
using highly saline water of 9.15 dSm-1 plus control 
treatment. The tomato plants were irrigated by the full 
irrigation (100 % ETc) during the whole growth season 
using slightly saline water of 2.80 dSm-1. The reduction 
percentage in tomato fruit yield ranged between 9.9 to 41.5 
% and 9.1 to 30.9 % at treatment T2100 

 

D (plants 
irrigated by the full irrigation: 100% of ETc) using highly 
saline water throughout the development stage then 
irrigated by the same water depth using slightly saline 
water (agricultural drainage water), throughout the other 
growth stages and treatment T950 

 

F (plants irrigated by 
deficit irrigation depth of 50% ETc using highly saline 
water, 9.15dSm-1. The flowering growth stage of tomatoes 
was the highest stage influenced to deficit irrigation using 
highly saline water especially at deficit irrigation of 50 % 
ETc. The tomato fruit yield under drip irrigation system 
was significantly higher than that obtained under gated 
pipe irrigation system. The highest value of crop water 
productivity (CWP) was obtained at control treatment and 
the lowest value was obtained at treatment T950-F. The 
highest and lowest values were 9.5 and 5.56 kg/m3 and 8.23 
and 5.69 kg/m3 under drip and gated pipe irrigation 
systems, respectively. A significant polynomial relationship 
between tomato fruit yield (Y), kg/m2, and applied 
irrigation water (AW), m3/m2 was given with R2 0.78. The 
predicted maximum yields were 18.54 and 11.63 kg/m2 and 
the corresponding calculated the applied irrigation water 
were 2.57 and 2.59 m3/m2 under drip and gated pipe 
irrigation systems, respectively. The crop response factor 
(Ky) using highly saline water under drip and gated pipe 
irrigation systems were 1.090 and 0.743, respectively.   

Keywords: deficit irrigation, saline water, crop water 
productivity, drip irrigation and gated pipe. 

INTRODUCTION 

The increasing demand for water resources in the 
world, especially in the arid and semi-arid regions has 
forced farmers to use low quality water for irrigation 
such as agricultural drainage water and marginal quality 

ground water. The use of these low qualities in 
irrigation is depending on total concentration, deficit 
irrigation, soil properties, climate, irrigation system, 
crop, plant growth stages and time use of the applied 
irrigation water during the growing season.  

The influences of applied irrigation water on soil 
salinity distribution are depending on the quantity and 
quality of irrigation water and irrigation systems as well 
as time of the added irrigation water. Many 
investigators showed that the use of saline water in 
irrigation resulted in a marked increase in soil salinity, 
Kandiah, (1990), van Hoorn et al., (1993), Pang et al., 
(2004), Ma et al., (2008) and Ben Ahmed et al., 2012). 
On the other hand, El-Nagar (1995) stated that the soil 
salinity profile differs distinctly among several of 
irrigation systems due to the different methods of water 
application. Chartzoulakis and Michelakis (1990) 
agreed that salinity of soil saturation extracted under 
furrow, trickle, micro tube, porous clay tube and porous 
plastic tuber irrigation systems decreased with depth. 
Moreover, Singh-Saggu and Kaushal (1991) found that 
the plant root zone under trickle system remained 
almost salt free, while the high soil salinity values were 
recorded in it under the furrow system. While, Hanson 
and May (2004) concluded that soil salinity was the 
least near the drip line with values less than about 1 
dS/m but salinity increased with horizontal distance 
from the drip line and with depth to values of about 7 
dS/m. Furthermore, Assouline et al., (2006) stated that 
the soil salinity affected by two main variables, namely, 
salt concentration in the soil solution and salt load in the 
root zone under daily irrigation. For a given water 
salinity, the salt concentration is dependent on the soil 
water content, while salt load is a function of the 
amount of water applied. Therefore, the salt regime in 
the root zone would be related to the water application 
rate or the irrigation frequency as these induce different 
spatial distribution of water content in the soil for 
similar total amount of applied water.  

On the other hand, Chen and Feng, (2013) had 
mentioned that the mathematical relationships for soil 
salinity, irrigation amount and water salinity were 
established to evaluate the contribution of the irrigation 
amount and the salinity of saline water to soil salt 
accumulation under furrow irrigation system. They 
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showed that soil salinities at the same amount of 
irrigation water but different water salinity increased 
with the water salinity. They noticed that when water 
salinity was 6.04 dS/m, the less water resulted in more 
salt accumulation in topsoil and less in deep layers. 
When water salinity was 2.89 dS/m, however, the less 
water resulted in less salt accumulation in topsoil and 
salinity remained basically stable in deep layers. 
Concerning the time of added irrigation water, Botia et 
al., (2005) reported that, in general, the electrical 
conductivity of the soil extracts increased significantly 
with increasing time of exposure to saline water 
throughout the part or whole of growth season and 
decreased with soil depth.  

The quantity and quality of applied irrigation water, 
the irrigation systems and irrigation management affect 
soil moisture distribution in the soil profile studied by 
several investigators. Chen and Feng, (2013) in their 
study on the dynamics of soil water-salt transportation 
and its spatial distribution characteristics under 
irrigation with saline water in a maize field experiment 
under furrow irrigation system revealed that the 
irrigation with water of high salinity could effectively 
increase soil water content, but the increment is limited 
comparing with the influence from irrigation amount. 
Under drip irrigation system, Selim, et al., (2013) 
concluded that the daily irrigation regime kept the top 
soil layer moist with adequate amount of soil water as 
compared to the bi-weekly irrigation. On the other 
hand, Badr and Abou Hussein (2008) concluded that the 
soil water content under 1.4 ETc was much higher than 
under 1.0 ETc and 1.2 ETc for all soil depths. And the 
maximum  soil water content for depth of 10 cm and for 
depth of 20 cm was comparable for all irrigation 
regimes while for depth of 30 cm, soil water content 
reached a maximum value under 1.4 ETc irrigation 
regime, probably because of greater input of irrigation 
water. Also, Dehghanisanij et al., (2006) reported that 
volumetric soil water content as affected by irrigation 
regimes and crop growth stages were investigated at 
different radial distances from the emitter at a depth of 
10 cm. Three irrigation regimes were applied: the first 
irrigation regime (ETc) was based on daily crop water 
requirement while the two others were based on ETc + 
20% and + 40% (1.2 ETc and 1.4 ETc, respectively). 
The results indicated that volumetric soil water content 
under 1.4 ETc was much higher than under ETc and 1.2 
ETc for all radial distances.   

One important method to increase water use 
efficiency (WUE) or crop water productivity (CWP) is 
deficit irrigation (Kirda et al., et al., 2012 
and Al-Harbi, et al., 2008), in which crops are 
deliberately exposed to some degree of deficit irrigation 
through the whole growth stage or at certain stages of 

the growth (Kirda et al., 2004). On the other hand, Al-
Harbi et al., (2015) reported that the irrigation with 
saline water decreased tomato fruits yield and WUE. 
Moreover, the negative effect of deficit irrigation was 
more obvious when coupled with salt stress. Irrigation 
with saline water resulted in 23% reduction in yield. On 
the contrary, Zegbe-Dominguez et al., (2003) studied 
deficit irrigation on tomato planted in greenhouse and 
found that the dry mass yield did not decrease under 
deficit irrigation compared with full irrigation. 
Moreover, the deficit irrigation can save up to 50% of 
irrigation water and increase WUE by 200%, with 
satisfactory yield.  

Studies on yield response factor (Ky) to water 
deficiency in different crops are well documented in 
literature (Doorenbos and Kassam, 1986, Kirda et al., 
2004, and Ayas & Domirtas, 2009). When crops have 
Ky values lower than one, they are considered as 
tolerant to water deficit. On the contrary, crops having 
Ky values greater than one are considered as not 
tolerate to deficit irrigation. Doorenbos and Kassam 
(1979) reported that Ky value for total growing period 
of tomato was 1.05. While, Al-Harbi, et al., 2015 
reported that Ky values for tomato grown in greenhouse 
at Saudi Arabia irrigated by saline and non-saline 
irrigation water ranged between 0.24 and 0.75. On the 
other hand, Doorenbos and Kassam (1986) recorded 
that Ky values for tomato fruit yield subjected to deficit 
irrigation water during vegetative, flowering, yield 
formation and ripening stages were 0.4, 1.1, 0.8 and 0.4, 
respectively. While, Al-Harbi, et al., (2015) revealed 
that the fruiting and vegetative growth stages were the 
most tolerant to deficit irrigation; whereas, the 
reproductive stage was the most sensitive one. The 
objective of the present study was to evaluate the 
influence of deficit irrigation using highly saline water 
applied throughout different growth stages on water 
productivity of tomato under drip and gated pipe 
irrigation systems. 

MATERIALS AND METHODS 

Field experiment was carried out at Maryout 
Experimental Station Farm, Desert Research Center, 
Egypt during 2007 summer season. The station located 
at latitude 30° 55' 71 N, longitude 29° 51' 67" E and 50 
m above sea level. The soil is a calcareous sandy clay 
loam (59 % sand, 13 % silt and 28 % clay) with 29.50 
% total carbonate and 1.37 Mg/m3 bulk density, which 
were determined accordingly Kulte (1986). The electric 
conductivity of initial soil paste extract (ECe) was 2.13 
dS m-1 and soil pH was 8.2 which were measured in soil 
paste using pH meter according to Page (1984). Soil 
salinity (ECe) and total soluble salts were determined in 
the soil saturation extract (Richards, 1954). The soil 
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profile were classified as (0 

 
50 cm) was the upper soil 

layer and the (50 - 100 cm) was the deep layer.  

The layout of the experiment was a completely 
randomized design (CRD) with three replicates. Drip 
and gated pipe irrigation systems were used in this 
experiment. The tomato plants (Lycopersicon 
esculentum, mill., cultivator 888) were used. The space 
between plants was 0.5 m with distance between rows 
of 1 m and the plot area was 15 m2. The amount of 
applied water was measured using water meters 
installed on lines for each treatment. The used emitters 
were GR with discharge 4 Lh-1 and the gated-pipe 
irrigation system was orifice gates. Two irrigation water 
salinities were used in the experiment. The first one was 
agricultural drainage water of 2.81 dSm-1 and the second 
was well water of 9.15 dSm-1.  

Each irrigation system is consisted of 10 irrigation 
treatments combined between 3 deficit irrigation depths 
of 100, 75 and 50% of crop evapotranspiration (ETc), 
using highly saline water (well water) of 9.15 dSm-1 and 
3 growth stages (development, flowering and 
harvesting) plus control treatment, where the tomato 
plants were irrigated by the full irrigation (100% ETc) 
during the whole growth season using agricultural 
drainage water of 2.80 dSm-1 as follows: 

 

T1100 (control): the plants were irrigated by full 
irrigation (100% of ETc) using agricultural drainage 
water of 2.81dSm-1 throughout the whole growth 
season.  

 

T2100 

 

D: the plants were irrigated by full 
irrigation (100%  of ETc) using highly saline water 
(well water), 9.15dSm-1, throughout the 
development stage then irrigated by the same 
irrigation water depth using agricultural drainage 
water, 2.80 dSm-1, throughout the other growth 
stages.  

  

T3100 

 

F: the plants were irrigated by full 
irrigation (100 % of ETc) by highly saline water, 
9.15dSm-1, during the flowering stage and irrigated 
by the same irrigation water depth using agricultural 
drainage water, 2.80dSm-1, throughout the other 
growth stages. 

 

T4100 

 

H: the plants were irrigated by full 
irrigation (100% of ETc) by highly saline water, 
9.15 dSm-1, throughout the harvesting stage and 
irrigated by the same irrigation water depth using 
agricultural drainage water, 2.80 dSm-1, throughout 
the other growth stages. 

 

T575 

 

D: the plants were irrigated by deficit 
irrigation depth of 75 % of ETc) using highly saline 
water, 9.15 dSm-1, throughout the development stage 
and irrigated by full irrigation (100% of ETc) using 

agricultural drainage water, 2.80 dSm-1, throughout 
the other growth stages. 

 
T675 

 
F: the plants were irrigated by deficit 

irrigation depth of 75 % of ETc using highly saline 
water, 9.15 dSm-1, throughout the flowering stage 
and irrigated by full irrigation (100% ETc) using 
agricultural drainage water, 2.80 dSm-1, throughout 
the other growth stages. 

 
T775 

 

H: the plants were irrigated by the deficit 
irrigation depth of 75% of ETc using highly saline 
water, 9.15 dSm-1, throughout the harvesting stage 
and irrigated by full irrigation (100% of ETc) using 
agricultural drainage water, 2.80 dSm-1, throughout 
the other growth stages. 

 

T850 

 

D: the plants were irrigated by the deficit 
irrigation depth of 50% of ETc using highly saline 
water, 9.15 dSm-1, throughout the development stage 
and irrigated by full irrigation (100% ETc) using 
drainage water, 2.80 dSm-1, throughout the other 
growth stages. 

 

T950 

 

F: the plants were irrigated by deficit 
irrigation depth of 50% of % ETc using highly saline 
water, 9.15dSm-1, throughout the flowering stage 
and irrigated by full irrigation (100% of ETc|) using 
agricultural drainage water, 2.80dSm-1, throughout 
other growth stages. 

 

T1050 

 

H: the plants were irrigated by the deficit 
irrigation depth of 50% of ETc using highly saline 
water, 9.15dSm-1, throughout the harvesting stage 
and irrigated by full irrigation (100% of ETc) using 
agricultural drainage water, 2.80 dSm-1, throughout 
the other growth stages. 

Crop water requirement was calculated using 
CROPWAT 8 computer program using Penman-
Monteith equation. The duration of tomato stages and 
the crop factor of these stages were 35, 45 and 30 days 
and 0.60, 1.15 and 0.80 for development, flowering and 
harvesting growth stages, respectively, according to 
Allen, et al., (1998). The irrigation system efficiencies 
were 85 and 65 % for drip and gated pipe irrigation 
systems, respectively, and the leaching requirements 
were calculated accordingly, Doorenbos and Pruitt 
(1984). 

The applied irrigation water (AW) was calculated as 
follows: 

Applied water (mm) = (ETc (mm)/Ei) + LR . (1) 

Where: ETc is crop evapotranspiration (mm/d), Ei is 
irrigation system efficiency as percentage and LR is 
leaching requirements as percentage.   

Volumetric soil water content of the soil layers, ( V 

%), was determined by the neutron scattering 

 

using 
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the hydro probe CPN, 503 DR 50 mCi after the last 
irrigation at depths of 0-25, 25-50, 50-75 and 75-100 
cm at the end of studied growth stages according to 
Kutiluk and Nielsen (1994). Fruit tomato yield in kg/ m2 

was determined at harvest.  

The crop water productivity (CWP) is defined as the 
ratio of crop yield (kg) to volume of applied water (m3) 
accordingly Kijne et al., (2002) and Kijne et al., (2003) 
and Ahmed et al., (2004) as follows: 

CWP = Yield/ Applied water . .. ..(2) 

The crop water productivity (CWP) reflects the 
benefit of applied water in production of yield. The 
CWP becomes curvilinear as some of the excess applied 
water goes to drainage or loss. A useful way to express 
the water production function is on a relative basis, 
where actual yield (Ya) is divided by maximum yield 
(Ym) and actual evapotranspiration (ETa) is divided by 
maximum crop evapotranspiration (ETm). The 
relationship between evapotranspiration deficit (1 

 

(ETa/ETm)) and yield depression    (1 

 

(Ya/Ym)) is 
considered linear (Doorenbos and Kassam, 1986), with 
a slope called the yield response factor of the crop or 
crop response factor (Ky), (Kirda et al., 2004). This 
relationship was expressed by the following equation: 

(1- (Ya/Ymax)) = Ky (1- (ETa/ETm)) .

 

(3) 

The quadratic polynomial function of Helweg 
(1991) was expressed as follows: 

  Ya = b0 + b1W + b2W
2 ... .. (4) 

Where, Ya is crop production or yield (kg/m2), W is 
applied irrigation water (m3/m2) and b0, b1 and b2 are 
fitting coefficients. When yield approaches its 
maximum value, the slope of the water productivity 
function against water applied goes to zero; therefore, 
the maximum applied water (Wmax) was calculated by 

differentiating the CWP (Eq. 3) and equalized by zero, 
then the maximum predicted yield (Ym) can be 
calculated by substituting the Wmax in the Eq. (3): 

Y / W = +b1 + 2b2W = 0 . (5) 

Wmax = - b1/2b2  ..  (6) 

Ymax = b0+b1Wmax + b2W
2
max .  (7) 

Analysis of variance by 2 Way Completely 
Randomized was used to test the degree of variability 
among the obtained data. Least significant difference 
(LSD) test was used for the comparison among 
treatments means (Steel and Torrie, 1980). CoHort 
computer program was used for the statistical analysis, 
Version 6.400.   

RESULTS AND DISCUSSION 

Irrigation schedule of tomato plants: 

The applied irrigation water during different growth 
stages (irrigation scheduale of tomato plant) is 
presented in table (1). 

Soil salinity under drip and gated pipe irrigation 
methods: 

Soil layers salinity values, at the end of different 
growth stages of tomato as affected by deficit irrigation 
depths of 100, 75 and 50 %  of ETc using highly saline 
water (well water) of 9.15 dSm-1 throughout 
development, flowering and harvesting growth stages 
under studied irrigation systems were increased as 
compared to soil layers salinity values of full irrigation 
(100% of ETc) using agricultural drainage water of 2.81 
dSm-1 (control treatment) or as compared to soil layers 
salinity values of full irrigation (100% ETc) using 
highly saline water of 9.15dSm-1during individual 
growth stages. The results in Table (2) reveal that soil 
salinity average values of active root zone, top layers,  

Table 1.Irrigation schedule of tomato plants subjected to deficit irrigation by 9.15 dSm-1 under drip and gated 
pipe irrigation methods. 

ETc at growth stages  (mm) 
ETc 

(mm) 
Applied water (AW) 

(m3m-2) Treatment 

Development Flowering Harvesting D. &G.  Drip  Gated pipe  

T1(Control)* 125.46 350.66 180.65 656.8 0.8680 1.1328 
T2100 

 

D

 

125.46*

 

350.66

 

180.65

 

656.8

 

0.8680

 

1.1328

 

T3100 

 

F

 

125.46

 

350.66*

 

180.65

 

656.8

 

0.8680

 

1.1328

 

T4100 

 

H

 

125.46

 

350.66

 

180.65*

 

656.8

 

0.8680

 

1.1328

 

T575 

 

D

 

94.10*

 

350.66

 

180.65

 

625.4

 

0.8265

 

1.0787

 

T675 

 

F 125.46 263.00* 180.65 569.1 0.7521 0.9816 
T775

 

H

 

125.46

 

350.66

 

135.49*

 

611.6

 

0.8083

 

1.0549

 

T850 

 

D

 

62.73*

 

350.66

 

180.65

 

594.0

 

0.7851

 

1.0246

 

T950 

 

F

 

125.46

 

175.33*

 

180.65

 

481.4

 

0.6363

 

0.8304

 

T1050 

 

H

 

125.46

 

350.66

 

90.33*

 

566.5

 

0.7486

 

0.9770

 

* The tomato plants subjected to deficit irrigation water using highly saline water (9.15dSm-1) throughout development, flowering and harvesting 
growth stages. (D. & G. are drip and gated pipe irrigation.) 
 Control treatment (Agric. drainage water of EC= 2.81 dSm-1) was used. 
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Table 2.Average values of soil salinity of soil layers at the end of different growth stages of tomato plants 
subjected to deficit irrigation (well water of 9.15dSm-1) under drip and gated pipe irrigation systems 

Soil salinity at the end of growth stages, ECe (dSm-1) 
Development  Flowering  Harvesting  

 
Treatment 

Soil depth, 
cm 

Drip 
Gated     
pipe 

 
Drip 

Gated     
pipe 

 
Drip 

Gated     
pipe 

 
0.0-50 3.19 2.69 3.28 3.17 3.41 3.24 

T1 (Control) 
50-100 4.20 4.44 4.41 4.52 4.62 4.57 
0.0-50

 

3.90

 

3.78

 

3.95

 

3.58

 

4.17

 

3.67

 

T2100 

 

D 
50-100

 

5.11

 

5.16

 

5.11

 

5.15

 

5.16

 

5.23

 

0.0-50

 

3.60

 

3.23

 

4.27

 

3.83

 

3.99

 

3.58

 

T3100 

 

F 
50-100

 

4.55

 

4.89

 

5.32

 

5.46

 

5.15

 

5.33

 

0.0-50

 

3.64

 

3.15

 

3.95

 

3.49

 

4.40

 

3.77

 

T4100 

 

H 
75-100

 

4.47

 

4.99

 

4.89

 

5.07

 

5.34

 

5.56

 

0.0-50

 

4.00

 

3.73

 

3.91

 

3.72

 

3.97

 

3.45

 

T575

 

D 
50-100

 

5.17

 

5.39

 

5.00

 

5.31

 

5.14

 

5.29

 

0.0-50

 

3.64

 

3.22

 

4.35

 

4.09

 

3.94

 

3.50

 

T675

 

F 
50-100

 

4.58

 

4.98

 

5.35

 

5.55

 

5.22

 

5.28

 

0.0-50

 

3.53

 

3.22

 

3.79

 

3.77

 

4.28

 

4.08

 

T775

 

H 
50-100

 

4.45

 

4.94

 

5.07

 

5.22

 

5.54

 

5.67

 

0.0-50

 

4.22

 

3.57

 

4.34

 

3.35

 

3.90

 

3.29

 

T850

 

D 
50-100

 

5.32

 

5.47

 

4.92

 

5.37

 

5.21

 

5.39

 

0.0-50

 

3.46

 

3.27

 

4.46

 

4.32

 

3.76

 

3.31

 

T950

 

F 
50-100

 

4.69

 

5.01

 

5.41

 

5.56

 

5.29

 

5.36

 

0.0-50

 

3.59

 

3.28

 

3.66

 

3.77

 

4.24

 

4.19

 

T1050

 

H 
50-100

 

4.62

 

5.03

 

4.92

 

5.29

 

5.60

 

5.92

 

(0 

 

50 cm) at the end of different growth stages 
under drip irrigation system were higher than that 
obtained under gated pipe irrigation system. This 
behavior could be attributed to drip irrigation system 
enhanced salt accumulation in active root zone. The soil 
salinity average values of the deep layers (50 

 

100 cm) 
at the end of different growth stages under drip 
irrigation system were lower than that obtained under 
gated pipe irrigation system. These results are in 
agreement with those obtained by Hanson and May 
(2004).                                 

Under studied irrigation systems, the obtained 
results showed that the soil salinity average values at 
the end of the different growth stages for top and deep 
soil layers at full irrigation (100% ETc) increased by 
increasing of the irrigation water salinity (Table 2). On 
the other hand, the results elucidated that the soil 
salinity average values at the end of different tomato 
growth stages for top and deep soil layers were 
increased by decreasing the irrigation amounts (deficit 
irrigation depths of 100, 75 and 50 % ETc) using the 
same irrigation water salinity (9.15dSm-1). These results 
indicated that the increase of irrigation water salinity 
was effectively more on salt accumulation in soil of 
active root zone and deep layers than that obtained 
under the decrease of irrigation water amounts with the 
same irrigation water salinity. Consequently, the 
influences of the same irrigation water salinity with 

different irrigation water amounts on soil salinity values 
are closely related to the irrigation water salinity. This 
conclusion is confirmed with those reported by Chen 
and Feng (2013), Assouline et al., (2006) and Selim et 
al., (2013) 

Under drip irrigation system, the soil salinity 
average values of active root zone at the end of 
harvesting growth stage of tomatoes subjected to deficit 
irrigation of 100, 75 and 50 % ETc using highly saline 
water (9.15dSm-1) were the lowest values (Table 2). 
Consequently, this stage is the lowest stage as affected 
by deficit irrigation depths of 75 and 50% ETc using 
highly saline water of 9.15dSm-1 than that obtained for 
other growth stages, the soil salinity average values of 
active root zone at the end of flowering growth stage 
were high. (Table 2). Consequently, this stage is the 
highest growth stage that can be affected by deficit 
irrigation using highly saline water than that other 
growth stages especially at deficit irrigation of 50% ETc 
under drip irrigation system. At the same deficit 
irrigation depth, the soil salinity average values in deep 
soil layers at the end of harvesting growth stage were 
the lowest (Table 2). Consequently, this stage is the 
least affected by deficit irrigation depths using highly 
saline water than other growth stages, while, the deep 
layers salinity average values at the end development 
growth stage, subjected to deficit irrigation depths of 
100, 75 and 50 % ETc by highly saline water, 9.15dSm-



ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL. 39, No1 JANUARY- MARCH 2018 40

 
1, had the opposite trend obtained that in active root 
zone, whereas; the salinity average values were highest 
(Table 2). Thus, this stage is the highest growth stage 
which is affected by deficit irrigation depths using 
highly saline water than the other growth stages 
especially at deficit irrigation of 50 % ETc, under drip 
irrigation system.   

Under gated pipe irrigation system, the soil salinity 
average values of active root zone at harvesting growth 
stage of tomatoes subjected to deficit irrigation depths 
of 100, 75 and 50 % ETc using highly saline water, 
9.15dSm-1, were the lowest values (Table 2). 
Consequently, this stage is the lowest as affected to 
deficit irrigation water amounts using highly saline 
water than that other growth stages. While, the soil 
salinity average values of active root zone at 
development growth stages of tomatoes in general were 
the highest values (Table 2). Thus, this stage is the more 
stage as affected to deficit irrigation water amounts 
using highly saline water than that other growth stages 
under gated pipe irrigation system in environmental 
conditions. The soil salinity average values in deep 
layers at the end of development growth stage of 
tomatoes subjected to deficit irrigation depths of 100, 
75 and 50% ETc using highly saline water, 9.15dSm-1, 
were the lowest values (Table 2). Consequently, this 
stage is the lowest stage as affected to deficit irrigation 
water amounts using highly saline water than that other 
growth stages. While, the soil salinity average values in 
deep layers at the end of flowering growth stage of 
tomatoes were highest values (Table 2). Consequently, 
this stage is the highest stage as affected to deficit 
irrigation water amounts using highly saline water than 
that other growth stages especially at deficit irrigation 
of 50 % ETc, under gated pipe irrigation system in 
environmental conditions. 

Soil moisture content under drip and gated pipe 
irrigation systems. 

Volumetric soil water content ( v %) in soil layers at 
the end of different growth stages as affected by deficit 
irrigation using highly saline water of 9.15 dSm-1 were 
increased comparing to soil water content values, of full 
irrigation (100 % ETc) using slightly saline water of 
2.81 dSm-1 (control treatment) and decreased comparing 
to soil water content values of full irrigation (100 % 
ETc) with highly saline water of 9.15 dSm-1 during the 
individual growth stages, respectively (Table 3). The 
increase in soil water content might be attributed to the 
increased soil salinity resulted due to using highly saline 
water of 9.15dSm-1 while the decrease in soil water 
content might be attributed to the deficit irrigation water 
amounts throughout the development, flowering and 
harvesting growth stages.  

The obtained results revealed that the soil water 
contents of the active root zone (upper layer, 0  50 cm) 
and deep layers (50  100 cm) at the end of the different 
growth stages of tomato plants as affected by deficit 
irrigation depths using highly saline water of (9.15 dSm-

1) were lower than that obtained under gated pipe 
irrigation system (Table 3). This is associated with the 
decrease amounts of applied irrigation water under drip 
irrigation system than under gated pipe irrigation system 
(Table 1). Furthermore, the obtained results elucidated 
that the soil water content values decreased, although, 
the increasing soil salinity at the end of the different 
growth stages as affected by the same deficit irrigation 
treatments (Table 2). This decrease is attributed to the 
decrease of the applied irrigation water amounts. These 
results indicated that the amount of applied irrigation 
water is effectively major factor on soil water content 
values; while, that of irrigation water salinity is a minor 
factor. Consequently, the influences of the same 
irrigation water salinity with different irrigation water 
amounts on soil water content values are closely related 
to the amount of applied irrigation water. Also, the 
influences of the same applied irrigation water amount 
with different irrigation water salinities on soil water 
content values are closely related to the irrigation water 
salinity value. These results are similar obtained by 
Selim et al., (2013). 

Under drip irrigation system, the average values of 
soil water content for active root zone at harvesting 
growth stage of tomatoes subjected to deficit irrigation 
depths of 75 and 50 % ETc using highly saline water, 
9.15dSm-1, were the lowest values although, the soil 
active root zone salinities at the end of this stage are 
relatively high, (Table 3). The lowest values might be 
attributed to the applied irrigation water amount of 
tomato plants during this stage is low than that other 
stages. Also, this stage is the highest growth stage of 
tomato plants as affected by deficit irrigation water 
amounts using highly saline water than that other 
growth stages, especially at deficit irrigation depth of 
50% ETc, under drip irrigation system in environmental 
conditions. On the other hand, The soil water content 
values in deep layers at growth stages of tomatoes 
subjected to deficit irrigation depths of 75 and 50 % 
ETc using highly saline water, 9.15dSm-1, were 
corresponded with that obtained in active root 
zoon,(Table 3). 

Under gated pipe irrigation system, the soil moisture 
content (average values) in active root zone at 
harvesting growth stage of tomatoes subjected to deficit 
irrigation depths of 75 and 50 % ETc using highly 
saline water, 9.15dSm-1, were the lowest values, 
although the soil active root zone salinities at the end of 
this stage are relatively high, (Table 2).  
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Table 3. The average values of volumetric soil moisture content of soil layers ( v%) at the end of different 
growth stages of tomato subjected to deficit irrigation depths using highly saline water of 9.15dSm-1  under 
drip and gated pipe irrigation system 

v % of soil layers at the end of growth stages  

Development 

 
Flowering 

 
Harvesting 

  
Treatment 

Soil depth, 
cm 

Drip 
Gated     
pipe 

 
Drip 

Gated     
pipe 

 
Drip  Gated     

pipe 

 
0.0-50 17.93 19.86 17.96 19.51 17.21 18.35 T1 (Control) 
50-100 23.62 25.88 24.12 24.04 23.29 24.47 
0.0-50

 

20.92

 

21.77

 

18.45

 

19.92

 

18.29

 

18.64

 

T2100 

 

D 
50-100

 

25.69

 

26.20

 

24.37

 

24.14

 

24.24

 

24.57

 

0.0-50

 

18.31

 

20.16

 

20.12

 

19.73

 

18.06

 

18.60

 

T3100 

 

F 
50-100

 

23.95

 

25.96

 

24.46

 

24.50

 

23.71

 

24.84

 

0.0-50

 

18.44

 

20.29

 

18.74

 

19.54

 

18.63

 

18.85

 

T4100 

 

H 
75-100

 

24.38

 

25.98

 

24.35

 

24.20

 

24.52

 

25.64

 

0.0-50

 

16.91

 

18.76

 

18.47

 

18.37

 

17.46

 

17.65

 

T575

 

D 
50-100

 

22.85

 

24.15

 

23.24

 

23.57

 

23.05

 

23.72

 

0.0-50

 

18.53

 

19.68

 

16.91

 

18.04

 

16.83

 

18.62

 

T675

 

F 
50-100

 

23.70

 

25.97

 

23.28

 

22.40

 

23.27

 

24.50

 

0.0-50

 

18.34

 

20.08

 

18.52

 

19.05

 

15.81

 

15.50

 

T775

 

H 
50-100

 

24.12

 

25.89

 

22.61

 

24.54

 

22.38

 

22.53

 

0.0-50

 

14.47

 

16.24

 

18.07

 

17.85

 

17.46

 

17.86

 

T850

 

D 
50-100

 

22.17

 

22.92

 

22.53

 

23.66

 

22.83

 

24.06

 

0.0-50

 

17.64

 

19.65

 

15.90

 

15.90

 

17.25

 

17.86

 

T950

 

F 
50-100

 

23.32

 

25.91

 

22.90

 

21.56

 

23.07

 

23.55

 

0.0-50

 

18.43

 

19.29

 

18.63

 

19.35

 

13.53

 

14.49

 

T1050

 

H 
50-100

 

23.28

 

25.90

 

23.46

 

24.14

 

21.35

 

21.45

 

The lowest values might be attributed to the applied 
irrigation water amounts during this stage is low. 
Consequently, this stage is the highest stage as affected 
by deficit irrigation depths using highly saline water 
than that other growth stages, especially at deficit 
irrigation depth of 50% ETc, under gated pipe irrigation 
system in environmental conditions. While, the average 
values of soil water content for soil deep layers at the 
end of growth stages for tomatoes subjected to deficit 
irrigation depths of 75 and 50% ETc using highly saline 
water, 9.15dSm-1, are confirmed with that obtained in 
active root zoon, (Table 2). 

Fruit yield and water consumptive use 

Tomato fruit yield (kgm-2) as influenced by deficit 
irrigation depths of 100%, 75% and 50% of ETc using 
highly saline water of 9.15 dSm-1 subjected throughout 
development, flowering and harvesting growth stages 
under studied irrigation systems significantly reduced 
compared to tomato fruit yield in  control treatment, 
(Table 4). This reduction in fruit yield may be mainly 
attributed to the harmful salinity effects using highly 
saline irrigation water and deficit irrigation water 
amounts. In this respect, many investigators found that 
increasing salinity of irrigation water and /or deficit of 
irrigation water depth were decreased the yield of 

tomatoes, Kirda et al., (2004) and Cheng et al., 
(2012).), Al-Harbi et al., (2008) and Al-Harbi et al., 
(2015). The reduction percentage values in tomato fruit 
yield ranged between 9.9 to 41.5 % and 9.1 to 30.9 % at 
treatment T2100 

 

D and treatment T950 

 

F under drip 
and gated pipe irrigation systems, respectively. The 
tomato fruit yield for subjected plants during flowering 
stage is low. This low in fruit yield may be due to the 
decrease of the applied irrigation water amounts, Table 
(1) and high soil salinity values at the end of this stage 
especially at deficit irrigation depth of 50% ETc, under 
irrigation systems in environmental conditions, (Table 
2).  

The obtained results showed that tomato fruit yield 
(kgm-2) significantly reduced by the decreasing of 
deficit irrigation depths of 75 and 50 % ETc using 
highly saline water of 9.15dSm-1 subjected throughout 
development, flowering and harvesting growth stages 
relative to fruit yield values at full irrigation using the 
highly saline irrigation water subjected during different 
growth stages under studied irrigation systems, 
especially at deficit irrigation depth of 50% ETc. The 
reduction percentage values in tomato fruit yield for the 
plants subjected to deficit irrigation amounts using 
highly saline water applied during development stage 
relative to tomato fruit yield value subjected to full  
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Table 4. Fruit yield, Crop water productivity and irrigation requirement of tomato plants subjected to deficit 
irrigation during different growth stages under drip and gated pipe irrigation systems 

Yield (kg m-2) CWP (kg m-3) Total irrigation requirements 

AW, m-3m-2 Treatments 
Drip 

Gated  
pipe 

Drip 
Gated 
pipe 

 
ETc,    
mm Drip Gated pipe 

T1 (Control) 9.50 8.23 10.94 7.27 656.8 0.8680 1.1328 
T2100  D 8.56 7.48 9.86 6.60 656.8 0.8680 1.1328 

T3100  F 7.46 6.91 8.59 6.10 656.8 0.8680 1.1328 

T4100  H 8.40 7.54 9.68 6.66 656.8 0.8680 1.1328 
T575  D 7.98 7.20 9.65 6.67 625.4 0.8265 1.0787 
T675  F 6.76 6.58 8.99 6.70 569.1 0.7521 0.9816 
T775  H 7.96 7.16 9.85 6.79 611.6 0.8083 1.0549 
T850  D 7.36 7.04 9.37 6.87 594.0 0.7851 1.0246 

T950  F 5.56 5.69 8.74 6.85 481.4 0.6363 0.8304 

T1050  H 7.30 6.56 9.75 6.71 566.5 0.7486 0.9770 
Average

 

7.68

 

7.04

 

9.54

 

6.72

 

-

 

-

 

-

 

LSD 0.05 Irrigation system  

 

0.241 0.277 - - - 

LSD 0.05 Treatment 0.538 0.620 - - - 

 

Fig. 1. The relationship between tomato fruit yield and applied irrigation water at deficit irrigation using 
saline water 

irrigation water using highly saline water applied 
during different growth  

stages ranged between 6.8 to 14.0 % and 3.7 to 5.9 
% at treatment T575 

 

D and treatment T850 

 

D under 
drip and gated pipe irrigation systems, respectively. 

Although the drip irrigation system enhanced salt 
accumulation in the active root zoon more than gated 
pipe irrigation system, the tomato fruit yield values 
under drip irrigation system were significantly higher 

than that under gated pipe irrigation system. Thus, the 
uptake of soil water for tomato plants in active root 
zone under drip irrigation system is easier and without 
stress than that under gated pipe irrigation system, thus, 
the effect of salt stress on tomato plants under drip 
irrigation system is less than that under gated pipe 
irrigation system. 

A polynomial relationship between tomato fruit 
yield (Y), and applied irrigation water (AW), for the 
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studied irrigation systems were estimated. A significant 
relations were obtained with the coefficient values of 
multiple determination (R2) are equal 0.778 and 0.783 
(n = 9), under drip and gated pipe irrigation systems, 
respectively, (Fig. 1), and expressed by the following 
regression equations: 

(a) drip irrigation system 

Y = -3.4906 AW2 + 17.9055 AW - 4.4262 

(b) under gated pipe irrigation system 

Y = -1.9274 AW2 + 9.9796 AW - 1.2849  

According to the mathematical analysis of 
aforementioned regression equations, the predicted 
maximum yields were 18.54 and 11.63 kgm-2 and the 
corresponding calculated applied irrigation water 
amounts were 2.565 and 2.589 m3m-2 under drip and 
gated pipe irrigation systems, respectively. These results 
are similar to those reported by Al-Harbi et al., (2008). 

The crop water productivity (CWP):  

The crop water productivity (CWP) expresses the 
productivity of the amount of irrigation water related to 
the yield. CWP values, kgm-3, generally significant 
decreased as affected by the deficit irrigation depths of 
100, 75 and 50% ETc using highly saline water of 9.15 
dSm-1 subjected throughout development, flowering and 
harvesting growth stages compared to CWP value at 
full irrigation (100% of ETc) using slightly saline water 
of 2.81 dSm-1 (control treatment) under studied 
irrigation systems, (Table 4). On the other hand, CWP 
values generally increased by the decreasing of applied 
irrigation water amount using highly saline water of 
9.15dSm-1 throughout development, flowering and 
harvesting growth stages relative to CWP values at full 
irrigation using the highly saline water subjected during 
individual growth stages under studied irrigation 
systems with some exceptions. These results are 
confirmed with Kirda et al., (2004) and Cheng et al., 
(2012). These exceptions were at deficit irrigation 
depths of 75 and 50% ETc subjected throughout 
development stage under drip irrigation system; 
whereas, the CWP values were decreased. The decrease 
percentage in CWP values were 2.1 and 4.9% for 
tomato plants subjected to deficit irrigation depths of 75 
and 50% ETc subjected during development stage using 
highly saline water of 9.15 dSm-1 compared to CWP 
value at full irrigation (100% ETc) using highly saline 
water of 9.15dSm-1 subjected during development stage, 
respectively. Under drip and gated pipe irrigation 
systems, the tomato water productivity highest value 
was obtained at full irrigation (100% ETc) using slightly 
saline water of 2.81 dSm-1 (control treatment) and the 
lowest value was obtained at treatment T950-F, (Table 
4). The highest and lowest values were 9.5 & 5.56 

kg/m3 and 8.23 & 5.69 kg/m3 under drip and gated pipe 
irrigation systems, respectively.  

Crop yield response factor (Ky) 

Crop yield response factor usually indicates a linear 
relationship between the relative yield reduction and 
relative crop evapotranspiration deficit accordingly 
Doorenbos and Kassam (1986) and Kidra et al., (2004). 
The significantly relationships between the relative 
tomato fruit yield reduction and relative 
evapotranspiration deficit using highly saline water, 
9.15dSm-1, subjected throughout growth stages under 
drip and gated pipe irrigation systems in environmental 
condition are illustrated in Fig.(2). The crop response 
factor values for total growing period of tomato fruit 
yield affected by deficit irrigation depths of 100, 75 and 
50% ETc using highly saline water subjected 
throughout development, flowering and harvesting 
growth stages under drip and gated pipe irrigation 
systems were 1.090 and 0.743 with relationship 
coefficients (R2) are equal > 0.91 (n = 6), respectively, 
(Fig. 2). These results indicate that the tomato plants 
subjected to deficit irrigation using highly saline water 
under drip and gated pipe irrigation systems at arid 
environmental conditions can be considered sensitive 
and tolerant to water deficit, respectively. Ky values 
indicated that the tomato plants were the most tolerant 
to deficit irrigation in harvesting and development 
stages while, at flowering stage was the less tolerant one 
under both drip and gated pipe irrigation systems. 

These results are similar to those obtained by Al-
Harbi et al., (2015). Also, the obtained results of Ky 
values for tomato plants subjected to deficit irrigation 
depths of 100, 75 and 50 % ETc using highly saline 
water throughout the flowering stage results are 
corresponding with the obtained results of the fruit yield 
values for tomato plants subjected to the same deficit 
irrigation treatments throughout the flowering stage 
under studied irrigation systems; whereas, the tomato 
fruit yield at this stage was less than that obtained others 
stages.   

These results are similar to those obtained by Al-
Harbi et al., (2015). Also, the obtained results of Ky 
values for tomato plants subjected to deficit irrigation 
depths of 100, 75 and 50 % ETc using highly saline 
water throughout the flowering stage results are 
corresponding with the obtained results of the fruit yield 
values for tomato plants subjected to the same deficit 
irrigation treatments throughout the flowering stage 
under studied irrigation systems; whereas, the tomato 
fruit yield at this stage was less than that obtained others 
stages.     
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Fig.2. The relationships between the relative tomato fruit yield reduction and relative evapotranspiration 
under drip (A) and gated pipe (B) irrigation systems   
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CONCLUSIONS 

The management of water under water scarcity in 
arid environmental conditions includes multiple 
policies. which should aim to reduce the non-beneficial 
water uses, particularly those related to crop water 
requirement and to the non-reusable fraction of the 
diverted water. Reduced water demand can be achieved 
by adopting improved farm, irrigation systems and 
deficit irrigation amounts as well as using saline 
irrigation water.. The results of fruit yield, CWP and Ky 
indicated that tomato plants subjected to deficit 
irrigation using highly saline irrigation water 
throughout harvesting stage and development stage 
under drip and gated pipe irrigation systems was the 
most tolerant to deficit irrigation depths using highly 
saline irrigation water; while, the flowering stage was 
the less tolerant one. Soil salinity and soil water content 
values at the end of different growth stages of tomato as 
affected by deficit irrigation depths using highly saline 
water of 9.15dSm-1 were subjected throughout growth 
stages obviously increased comparing to soil salinity 
values of control treatment under studied irrigation 
systems. The influences of the same irrigation water 
salinity with different irrigation water amounts on soil 
salinity values are closely related to the irrigation water 
salinity. The influences of the same irrigation water 
salinity with different irrigation water amounts on soil 
water content values are closely related to the irrigation 
water amounts. 

REFERENCES 
Ahmad, M. D., I. Masih and H. Turral, 2004. Diagnostic 

analysis of spatial and temporal variations in crop water 
productivity: A field scale analysis of the rice-wheat 
cropping system of Punjab, Pakistan. J. Appl. Irrig. Sci.,1: 
43 63  

Al-Harbi, A.R., Al-Omran, A.M. and El-Adgham, F.I. 2008. 
Effect of drip Irrigation Levels and Emitters Depth on 
(Abelmoschus esculentus) Growth. J. App. Sci. 8: 2764-
2769.  

Al-Harbi, A.R., A.M. Al-Omran, M.M. Alenazi and M.A. 
Wahb-Allah, 2015. Salinity and deficit irrigation influence 
tomato growth, yield and water use efficiency at different 
developmental stages. Int. J. Agric. Biol., 17: 241-250.  

Allen, R. G., L. S. Pereira, D. Raes, and M. Smith. 1998. Crop 
Evapotranspiration: Guidelines for Computing Crop 
Water Requirements. FAO, Irrigation and Drainage paper 
No. 56, Rome, Italy.  

Assouline, S., M. M?ller, S. Cohen, M. Ben-Hur, A. Grava, K. 
Narkis and A. Silber. 2006. Soil-plant system response to 
pulsed drip irrigation and salinity: Bell Pepper Case 
Study. Soil Sci. Soc. Am. J., 70: 1556 1568.  

Ayas, S. and Demirta, C. 2009a. Deficit irrigation effects on 
cucumber (Cucumis sativus L. Maraton) yield in unheated 

greenhouse condition. Inter. J. of Food, Agric. and 
Environ. 7: 645-649.  

Badr, M. A., and S. D. Abou Hussein. 2008. Yield and fruit 
quality of drip-irrigated cantaloupe under salt stress 
conditions in an arid environment. Aust. J. Basic. Applied 
Sci., 2: 141-148.  

Ben Ahmed, C., S. Magdich, B. Ben Rouina, M. Boukhris, 
and F. Ben Abdullah. (2012) Saline water irrigation 
effects on soil salinity distribution and some physiological 
responses of field grown Chemlali olive. J. Environ. 
Manage., 113: 538-44.  

Botia, P., J. M. Navarro, A. Cerda, and V. Martinez. 2005. 
Yield and fruit quality of two melon cultivars irrigated 
with saline water at different stages of development. 
Europ. J. Agron., 23: 243 253.  

Chartzoulakis, K. S., and N. G. Michelakis. 1990. Effects of 
different irrigation systems on root growth and yield of 
greenhouse cucumber. Acta. Hort., 278: 237-243.  

Chen, L. and Q. Feng. 2013. Soil water and salt distribution 
under furrow irrigation of saline water with plastic mulch 
on ridge. J. Arid land. 5: 1, 60-70.  

Cheng, F., H. Sun, H. Shi, Z. H. Zhao, Q. Wang, and J. 
Zhang, 2012. Effects of Regulated Deficit Irrigation on 
the Vegetative and Generative Properties of the Pear 
Cultivar Yali J. Agr. Sci. Tech. 14: 183-194.  

Dehghanisanij, H., M. Agassi, H. Anyoji, T. Yamamoto, M. 
Inoue, and A. E. Eneji. 2006. Improvement of saline water 
use under drip irrigation system. Agric. Water manage. 
85: 233  242.  

Doorenbos, J. and Kassam A. H. 1986. Yield response to 
water. FAO Irrigation and Drainage Paper No. 33, FAO, 
Rome, Italy.193pp. 17  

Doorenbos, J. and Pruitt.W.O. 1984. Crop Water 
Requirement. Irrigation and Drainage Paper 24. Fao, 
Rome, Italy.  

El-Nagar, A. M. A. 1995. Efficiency of trickle irrigation as a 
tool for development of desert soil. Ph. D. thesis, Fac. 
Agric. Cairo Univ., Egypt.  

Hanson, B., and D. May. 2004. Effect of subsurface drip 
irrigation on processing tomato yield, water table depth, 
soil salinity and profitability. Agric. Water Manage., 
68:1 17.  

Helweg, O.J., 1991. Functions of crop yield from applied 
water. Agron. J. 83: 769-773.  

Kandiah, A. (ed.). 1990. Water, soil and crop management 
relating to the use of saline water. AGL/MISC/16/90. 
FAO, Rome. 197p.  

Kijne, J.W., R. Barker and D. Molden, 2002. Water 
Productivity in Agriculture: Limits and Opportunities for 
Improvement. CAB International, Wallingford, UK  

Kijne, J.W., T.P. Tuong, J. Bennett, B. Bouman and T. Oweis, 
2003. The Challenge Program on Water and Food 
Consortium. Ensuring food security via improvement in 
crop water productivity. In: Challenge Program on Water 



ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL. 39, No1 JANUARY- MARCH 2018 46

 
and Food: Background Papers to the Full Proposal. 
Colombo, Sri Lanka.   

Kirda, C., Cetin, M., Dasgan, Y., Topcu, S., Kaman, H., Ekici, 
B., Derici M.R. and Ozguven, A. I. 2004. Yield response 
of greenhouse grown tomato to partial root drying and 
conventional deficit irrigation. Agric. Water Manag. 69: 
191-201.  

Klute, A. (ed.). 1986. Methods of Soil Analysis. Part 1. 
Agron. Monogr. 9. ASA and SSSA, Madison, WI.  

Kutilek, M., and D. R. Nielsen. 1994. Soil Hydrology. Catena-
Verlag, Cremlingen-Destedt, Germany.  

Ma, W., Z. Mao, Z. Yu, M. E. F. van Mensvoort and P. M. 
Driessen. 2008. Effects of saline water irrigation on soil 
salinity and yield of winter wheat maize in North China 
Plain. Irrig. Drainage., 22, 1: 3 18.  

Page, A. L. (ed.). 1984. Methods of Soil Analysis. Part 2. 
Agron. Monogr. 9. ASA and SSSA, Madison, WI.  

Pang H, J. Yang and H. Yan. (2004). Effects of irrigation with 
saline water on soil salinity and crop yield. Plant Nutr. 
Fert. Sci., 10: 599 603  

Richards, L. A. (ed.). 1954. Diagnosis and Improvement of 
Saline and Alkali Soils. Agriculture Handbook, No. 60.  

Singh-Saggu, S., and M. P. Kaushal. 1991. Fresh and saline 
water irrigation through drip and furrow methods. Int. 
Tropical. Agric. J., 9: 194-202.  

Selim, T., F. Bouksila, R. Berndtssonand and M. Persson. 
2013. Soil water and salinity distribution under different 
treatments of drip irrigation. Soil Sci. Soc. Am. J., 77, 4: 
1144-1156.  

Steel, R. G. D., and J. H. Torrie. 1980. Principles and 
Procedures of Statistics. McGraw-Hill, New York.  

van Hoorn, J. W., N. Katerji, A. Hamdy and M. Mastrorilli. 
1993. Effect of saline water on soil salinity and on water 
stress, growth, and yield of wheat and potatoes. 
Agricultural Water Management, 23: 247-265  

Zegbe-Dom?nguez, J. A., M. H. Behboudian, A. Lang and B. 
E. Clothier. 2003. Deficit irrigation and partial rootzone 
drying maintain fruit dry mass and enhance fruit quality in 
Petopride processing tomato (Lycopersicon esculentum 

Mill.), Scientia Hortic. 98: 505 510. 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



Ahmed F. Saad et al. : Influence of Deficit Irrigation Using Saline Water on Yield of Tomato under Two Different Irrigation ..

 
47

 
  

  

  

T2 

 

100 D

T950 F

T950-F

(Y)(AW)

(R2= 0.78)

(Ky)

 

  

  


