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ABSTRACT

Salt stress is one of the major abiotic stress factors that limit crop productivity, especially affecting
the growth of plants in arid and semi-arid regions. These adverse effects of salt stress, which
affects growth and development due to osmotic and ion stress in plants depend on the variety of
salt, stress level and duration, development stage of genotype of plant which is exposed stress.
Chance of survival of plants can reduce if metabolic events, especially photosynthetic activity on
plants which are exposed to salinity are affected. In this study, determination of salinity change in
the tomato root zone depending on the soil layers in different depth was handled. The research was
carried out in a greenhouse. In the study, salty irrigation water was applied by drip irrigation
method. Treatments were 0.7 dS/m (Salinity, S;), 1.5 dS/m (S,), 3.0 dS/m (S3) and 6.0 dS/m (S,)
according to the electrical conductivity of water salinity. The study was set up in a random parcels
design with three replications. In order to evaluate the salt accumulation in the soil, samples were
taken at different depths of the plant root zone. Then, EC readings were realized from these
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dS/m) for S;.

saturated paste extracts. As a result of the research, it was determined that different irrigation water
salinity applications were caused different salt accumulations in the soil. At the end of the season,
the highest salinity value (7.61 dS/m) was measured for S, whereas the lowest salinity value (1.66

Keywords: Irrigation water salinity; plant root zone; soil layers; tomato.

1. INTRODUCTION

Decreasing irrigation water requirement using
new irrigation technologies is of utmost important
in water-scarce regions. However, sustaining soil
fertility is also a major concern in many countries.
Soil salinity, among the likely problems which
may degrade soil fertility, most commonly
develops under mismanaged irrigation schemes
and may lead to permanent loss of soil fertility if
timely corrective measures are not taken. Global
agricultural area is 7x109 ha and about 1.5x109
ha of this is under cultivation for agricultural
production [1]. Salinity affects about 70% of all
agricultural lands in more than 100 countries and
sadly there is no continent free of soil salinity
problem [2]. According to FAO and UNESCO, 10
million hectares of irrigated land are abandoned
annually as a consequence of soil salinity [3] and
the extent of soil salinity constantly increases.

Salinity is one of the environmental factors that
severely limit enabled agricultural production [4].
It can be divided into two groups as primer
(natural) and secondary salinity according to
occurrence reasons. The causes of primer
salinity are weathering of native rocks, oceanic
salt deposits and climatic factors [5] whereas
secondary salinity occurs due to increase of the
groundwater level rich in various salts to the soll
surface by intensive irrigation, the altering of
natural vegetation to arable land and
contamination agricultural soil by chemicals [6].

Salinity causes osmotic tension and ionic stress.
It also negatively affects the growth and
development of plants due to hormonal
imbalance. Osmotic tension is caused by the
increase of the salt concentration in plant root
zone. If this increase reaches to the threshold
level, a significant reduction in growth is
observed. Minutes after exposure to salinity, the
first phase of the reduction in growth occurs. This
response causes osmotic changes around the
root, leading to changes in cell-water
relationships. The ability of the plant to absorb
water gradually decreases. Thus, leaf area is
become smaller, development rate of new leaves
decreases, and lateral buds grow more slowly

[7]. This phenomenon is also called
"physiological drought" and leads to a decrease
in the amount of available water, in cell
enlargement and in shoot growth [8]. As a result
of salt stress, the structural changes include
decreasing weight and trunk and root length;
decreasing number of leaves in addition to
becoming smaller and thickening; thickening of
the leaf cuticle and surface layers of wax;
reduced differentiation and development of
vascular tissue [9,10].

If the salts which are transported to the root zone
for various reasons are accumulated here, plant
yield and quality will be increasingly affected in
time. The most important factor of salinity in the
root zone may be the salt concentration of the
irrigation water or the groundwater at high
salinity. Irrigation water, which is transmitted to
the soil at a certain concentration starts to reduce
with evaporation and plant usage after being kept
in the soil. At this time, most of the salts that are
transmitted remain in the soil [11]. Soil
salinization is especially affected by temperature
and humidity from climate parameters. Air
temperature and relative humidity have
controlled both evaporation from the soil surface
and transpiration from the plant leafs. With the
increase of evaporation and transpiration, the
depletion of water situated in the root zone and
soil surface gains speed [11,12].

The aim of this study was to determine the effect
of irrigation water with four different salt
concentrations (S;, control = 0.7 dS/m, S, = 1.5
dS/m, S; = 3.0 dS/m and S, = 6.0 dS/m) on salt
accumulation at different depths of the root zone
of tomato plant grown under drip irrigation.

2. MATERIALS AND METHODS

The experiment was carried out in the spring
season in a 16x60 m sized glass-covered
greenhouse located in the north-south direction
at Akdeniz University Experimental Research
Area of Agricultural Faculty in Antalya. The
altitude of the research area is 54 m [13]. The
soil of the research area is from Gdlbasi territory
series. The average temperature in Antalya is
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Fig. 1. Soil profile sampling plan at the end of season

18.0°C, the coldest month is January with 9.2°C
and the warmest month is July with 28.2°C. The
average annual relative  humidity, total
precipitation and total evaporation are 63%,
1063.5 mm and 1886.3 mm, respectively [14].
Tayfun F1 tomato cultivar which is widely used in
greenhouse cultivation in Antalya was preferred
as the plant material in the study. Characteristics
of Tayfun F1 are [15]: high adaptability, uniform
fruit yield, tasty fruits, high fruit quality (slightly
flattened, 160-170 gr weight), and can be grown
in autumn and spring.

Irrigation water was supplied from the pumping
system in the Research and Application Area.
Irrigation applications were realized by drip
irrigation method. Components of the drip
irrigation system were pump unit, control head,
main and sub-main lines, laterals and inline
drippers. Irrigation water was applied to the plant
root zone with PVC drip irrigation pipes having
50 cm emitter spacing and a flow rate of 4 L/h.
During the preparation of different salinity levels
of irrigation water, sodium adsorption ratio (SAR)
values of each treatment were maintained
around the SAR value of the tap water in order to
eliminate the adverse effect of SAR on soll
structure and water, and gas movement. The
saline irrigation waters were prepared in the
storage tanks by mixing calculated amounts of
CaCl,, MgSO, and NaCl to obtain targeted
salinity level for each treatment.

The experiment was set up as randomized
complete block design with three replications per
treatment. There were total 12 parcels (4 water

salinities x 3 replication). In addition to control
treatment (S;, tap water with an electrical
conductivity of 0.7 dS/m), three irrigation waters
with different electrical conductivities (ECw) were
used (S,=1.5, S3=3.0 and S;=6.0 dS/m). Tomato
planting was performed with 50 cm spacing
above the row and 1.1 m spacing between the
rows. There were 10 plants in each row and 2
rows for each replication of treatments.

The amount of water to be applied to the parcels
in each irrigation is calculated by using the
measurements obtained from the Class-A
evaporation pan which is located inside the
greenhouse. In order to evaluate the salt
accumulation in the soil, soil samples were taken
at different depths of the plant root zone at the
beginning and at the end of the season. Soil
samplings were realized at 5, 15, 25, 35 and 50
cm depths of the soil profile (Fig. 1). These
samples were air-dried under laboratory
conditions. Saturated paste of each air-dried soil
samples were prepared and then filtered by
classical method to obtain saturated paste
extracts. At the end, EC readings were realized
from these extracts.

3. RESULTS AND DISCUSSION

At the beginning of the season, soil samples
were taken from different points and at different
soil to determine initial soil salinity during the
planting of tomato seedlings. At the end of the
season, in order to determine changes of salt
accumulation in the soil profile due to the
treatments, soil sampling was performed at all



replication of each treatment. Then salinity
values were measured from the extracts
obtained by filtering saturated paste of the soll
samples. For the end of the season, some
descriptive statistics of soil salinity values of the
treatments are given in Table 1. At the end of the
season, the average salinity values in the root
zone of the tomato plant are ranged as S; = 6.0
dS/m > Sz= 3.0 dS/m > S,= 1.5 dS/m > S;= 0.7
dS/m (Fig. 2). As expected, the lowest salinity
was measured at the beginning of the season
(0.54 dS/m). At the end of the season, the
highest salinity value (7.61 dS/m) was measured
for S; whereas the lowest salinity value (1.66
dS/m) for S;.

Electrical conductivity of soil saturation paste
extracts (ECe) for each treatment according to
depth was presented in Table 2. As expected,
mean of root zone soil salinities decreased
depending on soil depth. However, among mean
of salinities of treatments was not statically
significant (Table 2).

Ben et al. [16] investigated the effects of saline
irrigation water on soil salinity distribution and
some physiological traits of field-grown adult
olive trees. The plants were subjected, over two
growing seasons, to two drip irrigation treatments
including fresh water (ECe 1.2 dS/m) and
saline water (ECe = 7.5 dS/m). They concluded
that saline water irrigation has led to a significant
increase in soil salinity; soil salinity and soil
moisture variations were not only dependent on
water salinity level but are also controlled by a
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multitude of factors particularly the soil texture,
the distance from the irrigation source and
climatic conditions (rainfall pattern, temperature
average); the soil salinity variation was different
among the two salinity treatments with
significantly more important values under high
soil salinity level (p <0.05), but at different extent
among soil layers and crop seasons; during the
second trial year, the ECe of the soil saturated
paste at the upper (0-0.3 m) and deep soil layers
(0.9-1.2 m) of saline water treatment was at more
than 4 times higher than the levels recorded in
FW one.

Nagaz et al. [17] conducted a three-year study to
evaluate the effects of different irrigation regimes
with saline water on soil salinity, yield, yield and
water productivity of carrot as a fall-winter crop
under actual commercial-farming conditions.
They applied four irrigation regimes with 100%
(FI-100), 80% (DI-80), 60% (DI-60) in addition to
traditional farmers practices and concluded that
higher soil salinity in the root zone was observed
at harvest under DI-60 (3.1, 3.4, 3.9 dS/m,
respectively, for the three years) and farmer
irrigation (3.3, 3.6, 3.9 dS/m) treatments
compared to FI-100 treatment (2.3, 2.6 and 3.1
dS/m).

Chen et al. [18] carried out a 3-year field
experiment in an arid environment to investigate
the salinity change in the soil resulting from
deficit irrigation of cotton with non-saline,
moderate saline and high saline water. They
concluded that after 3 years of cotton production,

Table 1. Some descriptive statistics of mean salinity (dS/m) values in 0-50 cm layer of soil

profile
Variable N Mean Min Max Variance Std Std Median Mode CV
Dev error
S 15 2.209 1.150 5.250 1.495 1.223 0.316 1.780 1.780 55.354
S, 15 2.671 1.210 5.320 1.833 1.354 0.350 2.540 3.040 50.693
S; 15 3.334 0.660 8.840 6.827 2.613 0.675 2.940 - 78.372
S, 15 3.766 1.620 16.320 12.691 3.562 0.920 2.710 - 94.596
Table 2. Impact of irrigation water salinity on soil salinity
Depth (cm) S S, S; S, P Mean of depth
0-5 4.,187a 4.610a 6.377 7.613 ns 5.697a
5-15 1.773b 2.827b 3.617 3.157 ns 2.843b
15-25 1.657b 2.277b 2.387 2.617 ns 2.234b
25-35 1.693b 1.903b 2.203 2.870 ns 2.168b
35-45 1.733b 1.737b 2.087 2.573 ns 2.033b
P * * ns ns
Mean of salinity 2.209 2.671 3.334 3.766

Significance: Depth: **; Salinity: ns; Depth x Salinity: ns, Means followed by the different small letters in each row
are significantly different at 5% level by Duncan test,*: P<0.05 (significant), ** P<0.001 (highly

significant)
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Fig. 2. Change of salinity of all treatments at the beginning of the season and at the end of the
season

the average salinity in the 1.0-m soil profile was
336% and 547% of the original soil profile,
respectively, for moderate and high saline water
irrigation and claim that if the practices
continued, the average soil salinity in the 1.0-m
soil profile would approach a steady level of 1.7,
10.8, and 14.7 dS/m, respectively, for the
treatments receiving irrigation waters with
electrical conductivities of 0.33, 3.62, and 6.71
dS/m. It was also concluded that deficit irrigation
of saline water was not sustainable in this region.

Kaman et al. [19] investigated three irrigation
applications: (1) Full irrigation, (2) 1PRD (50%
partial root drying alternated at every irrigation),
(3) 2PRD (50% partial root drying alternated at
every other irrigation). They realized two sets of
salinity measurements, at the beginning of the
season and at harvest to assess soil salinity.
They concluded that differences in salt
accumulation were limited to only the surface
layer of 30 and 20 cm depth for cotton and
tomato, respectively, and the soil salinity at
harvest under the PRD effect was 35% higher
compared to FULL irrigation for tomato and
cotton; the maximum salt accumulation
encountered in the cotton field and greenhouse
soil was 1.3 and 7.5 dS/m, respectively. They
also examined that root zone salinity when initial
and end of the season of tomato plant irrigated
with salty water in greenhouse. While initial root-
zone soil salinity on soil surface is around 2
dS/m, end of season soil salinity is 4.5 dS/m.

Kaman and Ozbek [20] studied the change in soil
salinity in the root zone of eggplant at the

beginning of the season and at the end of the
season. While initial root-zone soil salinity on soll
surface is around 1 dS/m, end of season soil
salinity is 3 dS/m. Salinity values have decreased
towards the lower layers.

As it can be seen from the literatures, different
researchers have examined the salt
accumulation in soil at the end of the season for
various plants. In general, the results are
consistent with each other.

4. CONCLUSION

In this study, effect of different irrigation water
salinity levels on salt accumulation in the root
zone of tomato plant was investigated. Electrical
conductivities of water used for irrigation
purposes were 0.7, 1.5, 3.0 and 6.0 dS/m. As a
result of the study, salt accumulation in the plant
root zone was the lowest for S;, whereas the
highest for S, treatment. It is concluded that that
if tomato cultivation is carried out in situations
where irrigation water is not available in sufficient
quality, irrigation water to be applied is increasing
in direct proportion to the quality of the water
used in the amount of salt accumulated in the
soil at the end of the season. It can be concluded
that the amount of salt that accumulates in the
soil profile increases with increasing electrical
conductivity of the irrigation water to be applied.
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