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Effect of NaCl Saline Irrigation Water on Soil Salinity

Lama Hammde*
Aymn Sulieman

Abstract

Water scarcity and soil salinization are the two main common problems that affect the
agricultural production in Jordan Valley, which is considered the main agricultural region
in Jordan, where most areas are irrigated with saline irrigation water, particularly in the
center and south region of the valley. This study was conducted to evaluate the impact of
NaCl irrigation water on soil salinity in a short-term experiment. Durum wheat was planted
in a field with nearly half dunum area in the central region of the valley on 29% of
December 2017 and harvested on the second of April 2018. Three salinity levels (S) (S1 2
(the control), S2 4, and S3 8 dS/m) with three irrigation amounts (R) of readily available
water (RAW) (R1 120%RAW (control), R2 100%RAW, and R3 70% RAW) were used in
the field experiment. Calcium, magnesium, and sodium concentration were measured once
before planting and once after harvesting, soil electrical conductivity of saturated paste
extract (ECe) and pH were measured every three weeks during the growing season. The
results showed that the soil salinity in terms of (ECe) has increased gradually during the
growing season, the final ECe has increased from an average of 0.96 + 0.02 dS/m in the
control to an average of 7.91 + 0.48 dS/m in the most stressed treatment (S3R3) at 10 cm
depth of the study area. Sodium adsorption ratio (SAR) has increased from 0.83 + 0.03 in
the control to 21.87 £ 2.41 in the most stressed treatment (S3R3), calcium, magnesium, and
pH has decreased slightly when compared with the control.

Keywords: Jordan Valley, saline-sodic irrigation water, soil salinity and sodicity.
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1. Introduction

The process of increasing salt content in the soil to a limit that decreases
crop productivity, causes environmental damage and lowers its economic
value is known as soil salinization (Machado & Serralheiro, 2017). In
irrigated areas, the formation of salt-affected soils is the most important
process of land degradation. The extent to which salts accumulate in the
soils is mainly related to irrigation water quality, type of irrigation system,
different management practices, depth of groundwater if available, and the
presence of drainage system (Lauchli & Grattan, 2007). Approximately 20%
of cultivated land in the world, and 33% of irrigated land are salt-affected
and currently are under degradation (Shrivastava and Kumar, 2014).

Soil salinity changes considerably with time and space because
salinization results from both primary (natural) occurrence and secondary
human-induced behaviour (Ammari et al., 2013). The primary cause comes
from parent soil material, salt deposits, insufficient precipitation and other
climate conditions that limit leaching ions from soil profile. Salinization is
more frequent in arid and semi-arid regions where the high rate of water
evaporation extremely exceeds precipitation rate, as it facilitates salts to
accumulate, especially in the soil surface (Ekmekci et al., 2005). The
secondary cause results from human activities, in particular inadequate
irrigation practices and using low quality of irrigation water (Webber et al.
2010). In regions that suffer from water scarcity, treated wastewater is used
as an alternative source of irrigation water. The use of low-quality water
may lead to the accumulation of salts in the soil, since the leaching fraction
is reduced and the salts in the irrigation water are not leached enough.
Accumulation of salts also can occur as a result of prolonged use of
fertilisers.

Soil texture also influences soil salinization. High concentration of
sodium ions in the soil causes soil dispersion which adversely affects soil
physical properties such as soil drainage and aeration. Many of the countries
in the Middle East have salinity and drought problems that affect their
agricultural production such as Jordan, Syria and Lebanon. Jordan is
considered among the most water stressed countries, and expected to have a
long-term water crises (Hadadin et al., 2010). Agricultural sector in Jordan
has the highest water consumption ratio that is used as irrigation water.
More than 60% of Jordan agricultural products are grown in the Jordan
Valley. The valley exhibits a very unique climate that allows growing crops
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in the winter season, mostly in the north of the Dead sea (AbuAisha, 2001),
and it has a considerable contribution in national food requirements and
international balance of payments in Jordan (Shammout et al., 2017).

Salinity of irrigated soils along the Jordan Valley is dramatically
increasing since the natural floods are no longer available to wash the
irrigated land and leach salts. In addition, high evaporative conditions, the
lack of adequate drainage system and insufficient amount of rainfall for
sufficient leaching contribute to additional salt accumulation (Miyamoto et
al. 2005). The highest soil sodium content and Sodium Adsorption Ratio are
found in the central region of the valley. About 75% of the top-soils are
saline in the central valley because 96% of the farms in the valley use drip
irrigation which causes a further accumulation of salts especially at the top
soil layer as drip irrigation usually uses limited amount of water (Al-Zu'bi &
Al-Kharabsheh, 2003). Using low irrigation water quality is common in the
central valley and showed a pronounced increase in soil salinity at the
central region from 2007 to 2013 ranged from 51%-63% (Ammari et al.,
2013).

Many studies have been conducted to investigate the effect of irrigation
water on soil quality, that include different aspects, either by comparing
some soil quality parameters before and after irrigation, or by studying the
difference between irrigated and non-irrigated fields. A four years study was
conducted in Bari, Italy did not show any significant effect of saline and
sodic irrigation water on soil chemical and physical properties when
leaching requirement is considered. (Rietz & Hayness, 2003) indicated that
a small increase in soil salinity has a high detrimental effect on microbial
community. As demonstrated by numerous researchers a deterioration in
soil quality would occur when soil is irrigated frequently with saline and
sodic water, it will contain large amounts of sodium and salts (Thompson,
1991; Amézketa 1999; Tedeschi & Dell’Aquila 2005; Al-Zu’bi Y 2007;
Huang et al., 2011; Askri et al., 2014).

In Jordan, the threat of water scarcity and soil salinization is expected to
increase in the near future, thus more studies are needed to help farmers and
decision makers to choose the best management practices. The objective of
this study was to evaluate the impact of NaCl saline irrigation water on soil
salinity during one growing season of durum wheat in the central Jordan
Valley.
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Materials and methods:

The experiment was conducted at the Agricultural Research Station in
the central Jordan Valley (Damea) (32.08N, 35.58E), with a height of 218
below sea level (Fig. 1). Soil salinity has shown a pronounced increase from
2007 to 2013in this area ranged from 51%-63% (Al-Rjoub & Al-Samarrali,
2006). The soil type is Entisol with a fine loamy sand texture. The soil depth
in the study area was 1.5 m with no drainage system. The experimental
design was split plot randomised complete block design where three levels
of salinity (S1 (2 dS/m), S2 (4 dS/m) and S3 (8 dS/m)) with three levels of
water supply (R1 (120 % of RAW), R2 (100 % of RAW) and R3 (70 % of
RAW)) based on Readily Available Water (RAW). RAW is the soil
moisture held between field capacity and a nominated refill point for
unrestricted growth, at which water can be easily absorbed by plant from the
soil.

Figure 1. Map of the study area
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Um Qais durum wheat cultivar was planted on 29/12/2017 using drip
irrigation system. Each plot has an area of 9 m?, the area was divided into
four blocks, in each block a factorial combinations of the two factors: three
salinity levels with three water amounts levels were made to form the nine
treatments (S1R1, S1R2, S1IR3, S2R1, S2R2, S2R3, S3R1, S3R2 and S3R3)
in one block (Fig. 2). In this paper those nine treatments are given the letters
(A, B,C,D, E, F, G, .H, and I), respectively. Each treatment was replicated
four times with a total number of 36 plots (3x3m) in an area of 456.5 m2.

[ S1R2 [im  [SR2 ] [ S2R2 |
| SIRS | [ S2R3 |
(SRt ] [seRi] _ [SoRL]
{ S3R1 [ [ S2Rd | L SIR1 ¢
| S3R3 | [ s1R3 |
(ssRz]  [sere]  [SiR2 ]
{ S2R3 [ [ SIR1 | L SR ¢
| SIR1 ] [ S3R1 |
(Serz]  [siRe] [ SsRe ]
| SIR3 [ [ S2R2 | L SR ¢
| SIR? | [ S3R2 |
(SIRL ] [seRi] [ S3RL

Figure 2: Field experiment layout
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The RAW was applied when the measured soil moisture reached the
critical soil moisture which is defined as the fraction of total available soil
water between field capacity and wilting point that is readily available for
crop transpiration. The management allowable depletion (MAD) was
assumed to be 0.5 based on Allen et al. recommendation for durum wheat
(1998). RAW was calculated using the following formula:

RAW = MAD (FC — PWP)z 1)

Where (FC) is field capacity, (PWP) is permanent wilting point, and z is
root depth in mm. When soil water content reaches the critical level then
irrigation water should be applied to reach the field capacity. The critical
soil water content can be found as follows:

The Critical soil moisture = FC — MAD(FC — PWP) (2)

The irrigation scheduling for the nine treatments of field experiment is
illustrated in Table 1, regarding that the rainfall during the growing season
was 77 mm and the average temperature was nearly 23°C.

Table 1. Irrigation scheduling for the field experiment.

Date R1 (120 %) R2 (100 %)
R3 (70 %)
15-Feb 70 57 40
03-Mar 70 57 40
14-Mar 70 57 40
24-Mar 70 57 40
01-Apr 70 57 40
Total (mm) 350 285 200
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Soil chemical and physical properties were first determined on 20/12/
2017 after dividing the area into four blocks. Samples for initial conditions
were taken once at two depths (10 and 30 cm) from each block. Soil texture
was measured using the pipette method (Gardner, 1965). The bulk density
was measured using the core method (Blake, 1965). The field capacity and
permanent welting point were determined using the ceramic plate method
(Gardner, 1965).

Soil soluble potassium and sodium were measured by flame photometer
(Jenway Research PFP7/C). The cation exchange capacity was determined
by sodium acetate method (Chapman, 1965). Other ions (chloride, calcium,
magnesium and bicarbonate) were measured by titration according to the
methods illustrated by (Rhoades et al., 1999). Phosphorus was determined
by Olsen method (Olsen, 1965), total nitrogen by Kjeldahl method
(Bremner, 1965). It was found that the electrical conductivity of the
saturated soil extract (ECe) and pH are the two valuable measures to assess
soil chemical conditions (Smith and Doran, 1996), therefore soil salinity and
pH were measured frequently by taking samples from the two central
blocks, nine locations were determined for the soil samples to represent the
nine plots of each block, the total locations number was eighteen, four
depths were taken from each location (10,30,50 and 70 cm) every three
weeks during the growing season of the durum wheat, the method used to
determine soil salinity was the saturated soil extract (Rhoades et al., 1999).
A pH and EC meters of type BP3001 were used each time.

Sodium adsorption ratio (SAR) is a preferred measure of sodicity
(Marchuk & Rengasamy, 2011), and known as a good index of structural
stability (Oliver et al., 2013). It is defined as the ratio between the amount of
sodium ions in soil solution considering its dispersion effect with the
amount of calcium and magnesium ions considering their flocculation effect
on soil. Measurements were taken from the soil water extract and calculated
as follows:

Nat

Ca2 g2 )
4 2

SAR =
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Soil chemical and physical properties are shown in Table 2.

Table (2) Soil chemical and physical properties in the Jordan Valley
experiments (initial conditions before planting). (CEC) is the cation
exchange capacity of the soil.

a. Soil chemical properties

Cl (ppm) 0.33+£0.05
Na  (ppm) 41,98 +£6.52
K (ppm) 54.55 + 0.04
Ca  (ppm) 120 + 0.65
P (ppm) 42 +4.10
Mg  (ppm) 105.6 + 1.24
Organic C (%) 0.23+0.01
N (%) 0.5+0.05
CEC (cmol/kg) 18.6 +0.48
SAR 0.83 £0.02
ECe (dS/m) 4+0.23
pH 8 +0.09
b. Soil Physical properties
Clay (%) 16 £0.48
Sand (%) 73+ 0.65
Silt (%) 10 + 0.55
Field capacity (FC) (cm®/cmd) 0.186 + 0.01
Permanent welting point (PWP)
(cm¥cm?®) 0.09 £0.01
Saturated water content(cm?/cm?®) 0.38 £0.02
Bulk density (g/cm?®) 1.58 +0.11
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Soil soluble amounts of magnesium, calcium and sodium were measured
again at the end of the growing season with SAR, with ECe and pH to
compare the soil initial and final chemical conditions. The durum wheat was
harvested on 2/4/2018, the total amount of the applied irrigation water for
the whole field experiment was 90.18 m® and was distributed as 37.8, 30.78
and 21.6 m® for R1, R2 and R3, respectively. 1.6 and 3.5 kg/m® NaCl was
added to each tank for S2 and S3 treatments, respectively. The electrical
conductivity was measured frequently before and after irrigation. The
weight of NaCl was estimated in both experiments according to Rani and
Sharma (2015) methods. Some chemical properties of the irrigation water
are shown in Table 3.

Table (3) Some chemical properties of irrigation water for the
treatments of field (a) and greenhouse experiment,

ECiw
Ca meg/I Mg meqg/I Na meq/I SAR pH (ds/m)
>
w 6.52+2.30 | 411+£0.48 | 12.03+0.910 | 5.22+0.050 | 7.81+1.50 2.01+£0.32
O
o
m 535+£211 | 431£0.47 | 71.29+2230 | 3244+1.13 | 7.79+£041 4.01£0.64
n
®
I 533+£210 | 423+£0.47 | 162.95+3.71 | 7453+3.10 | 7.77£0.45 7.98 £1.52

ANOVA was calculated using the general linear model (GLM)
procedure of the Statistical Analysis System (NCSS), version 12 (NCSS
Statistical Software, Kaysville). Differences were considered significant at o
= 0.05. The analysis was used in the results was one-way ANOVA except
for Table 5. Two-way ANOVA was used to study the interaction between
salinity and deficit irrigation. The two samples t-test for unequal variances
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was used to determine the significant changes in the results with the control
treatment o = 0.05.

3. Results

The relationship between salinity levels and irrigation amounts is
illustrated in Table 4. The relative high soil salinity was observed in R3
(70% RAW) for the three salinity treatments S1, S2 and S3. There was a
significant increase of ECe in S1 (the control) from an average of 1.41 +
0.15 dS/m when the irrigation level was R1 (120% RAW) to an average of
2.23 £ 0.30 dS/m (S1) when irrigation level was R3 (70% raw). The soil
salinity in S2 treatments increased gradually from 2.18 + 0.31 dS/m, then
2.9 £0.36 dS/m to a statistically significant increase of 3.15 £0.42 dS/m, in
R1 (120% RAW), R2 (100% RAW) and R3 (70% RAW) respectively. The
increase in soil salinity was most noticeable in S3, where the average soil
salinity changed from 3.77 £ 0.54 dS/m, 4.41 + 0.83 dS/m, and 4.52 + 0.77
dS/m for R1, R2 and R3 respectively, although statistically there was
insignificant among S3 when compared to the control of R1 (120%). The
two samples t-test of unequal variances was used to compare the mean of
the treatments with the mean of the control (a = 0.05).

Table (4) The mean electrical conductivity of the three salinity levels in
field (S1, S2 and S3) with respect to the three irrigation levels
(R1, R2 and R3)."

Treatments R1120% R2 100% R3 70%
S1 (2 dS/m) 141+015(A) |158 £0.23(B) | 2.23+0.30 (C)*
S2 (4 dS/m) 2.18 +0.31 (D) 2.9+0.36 (E) | 3.15+0.42 (F)*
S3 (8 dS/m) 377 +054(G) |441+083(H) | 452+0.77(l)

T The letter next to each value represents the treatment symbol in the field experiment. The
star symbol * means that the treatment showed a significant result compared with the
control using two samples t-test of unequal variances.
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Analysis of variance (ANOVA) was calculated considering the two
independent factors, salinity levels (S1, S2, and S3), and irrigation water
treatments (R1, R2, and R3). The significance of the two factors on soil
salinity are illustrated by Fisher test (F) and probability value (P). The
irrigation water salinity (R) showed a significant impact on soil salinity
while irrigation levels were insignificant, and the interaction between the
two factors in the field experiment was weak (Table 5).

Table (5) Two-way ANOVA considering the three salinity levels
with the three irrigation levels in field experiment

gource ot | ss | df | Ms F | Pvalue | Ferit

Sample | 9459 | 2 | 47.206954 | 19.82709 | 9.8E-08 | 3.109311
Columns | 1092 | 2 |5.4500419 | 2.288454 | 0.107945 | 3.109311
Interaction | 121 | 4 | 0.3031328 | 0.127075 | 0.972231 | 2.484441
Within | 193.22 | 81 | 2.385471

The changes in soil salinity in the four depths (10, 30, 50, and 70 cm)
each month during the growing season for the nine treatments are illustrated
in Fig. 3. In December, the soil salinity values showed an insignificant
changes within the different layers and between the treatments using one
way ANOVA analysis the p-value was more than 0.05. On 25/12/2017, soil
salinity at 10 cm for A (the control) was very close to other treatments with
values of 1.22, 0.89, 1.53 and 1.69 dS/m for the depths 10, 30, 50, and 70
cm, respectively. In January, all the values were less than 3 dS/m except in
(G) treatment, ECe was 3.24 and 3.1 dS/m for the depths 10 and 30 cm,
respectively, although the ANOVA analysis showed that the significant
changes within the four layers in soil salinity starts in January (P<0.05). In
February, the increase in soil salinity was obvious at two depths (10 and 30
cm) for treatments F, G, H and I. In March, there was a dramatic increase in
soil salinity for the most stressed treatments (H) and () near the surface,
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ECe was 3.59, 4.76, 6.1, and 7.6 dS/m at 10 cm for F, G, H and | treatments,
respectively. The deepest layers (50 and 70 cm) didn’t record any values
higher than 4 dS/m except the treatment H, at which the ECe was 4.11 dS/m
at 50 cm depth, ANOVA showed that in March the significant value was the
highest with p = 0.00084, The accumulation of salts continued in April.
The salinity concentrated in the first 40 cm depth, soil salinity was 6.49,
6.23, 7.65, and 7.9 dS/m for the treatments F, G, H, and I, respectively at 10
cm depth, ANOVA showed a significant difference in soil salinity between
soil layers P-value = 0.01413. The control (A) in April didn’t show any soil

salinity higher than 2 dS/m in the four depths.
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Figure 3. The changes in soil salinity at each month of the growing season,
considering the depths (10, 30, 50, and 70 cm) for the nine treatments of field
experiment (A, B,C,D,E,F, G, H,and I).

The final soil chemical properties were taken on 7/4/2018 (Table 6). The
concentration of magnesium and calcium ions decreased gradually from the
control (A) with 6.1 + 0.76 meg/l to 5.55 + 0.12 in (I), using ANOVA
showed that both has significant changes between the nine treatments (P-
value < 0.05). The significance difference in calcium was in all treatments
compared to the control when using two samples t-test of unequal variances
(= 0.05). The sodium ions concentration increased considerably among the
nine treatments. It was 2.05 + 0.05, 10.3 + 0.31 and 12.22 + 0.78 meq/I for
A, B and C respectively, while it was 10.23 £ 0.73, 40.9 £ 2.73 and 51.53 +
5.21 meqg/l for G, H and | treatments, respectively, the P-value in ANOVA
was very small for sodium concentration (P-value = 5.43017E-27), the
highly significant changes was also shown in SAR, with very small P- value
(1.09407E-29) using one way ANOVA. SAR increased from 0.83 £ 0.03 in
A (control) to 17.28 + 1.82 and 21.87 £+ 2.41 for treatments H and I,
respectively. There was no significant change in pH, while the ECe changed
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significantly from 0.96 £+ 0.02 dS/m at control (A) to 7.65 + 0.28 and 7.91 +
0.48 dS/m for treatments H and I, respectively.

Table (6 ) The final soil chemical properties in field (a) and greenhouse
(b) experiments.

_|
@
% Ca meg/I Mg meq/I Na meg/I SAR ECe pH
2
A 6.1+ 0.76 6.1+0.75 2.05+0.05 0.83+0.03 0.96£0.02 [8.01+0.03
B 6.25+0.73* 6.25+0.70 10.3+0.31* 412 +0.03* |2.85+0.03* |8.05+0.03
C 6.34 + 0.45* 598+043 |1222+078* | 492+0.12* |4.11+0.03* |8.00+0.01
7.89+
D 5.51 +0.32* 5.4 +0.32* 14.21 +0.87* 6.08 +0.12* 4,61 +.06* 0.02
4,65+ 8.00 £
E 5.56 + 0.37* 55+0.31* 20.49 +1.20* 8.74 £ 0.75* 0.04* 001
6.49 + 781+
F 5.6 +0.22* 5.6 +0.21* 1136 +0.77* | 4.80+0.35* 0.05% 0.05
6.23 + 7.89 =
G 5.59 +0.12* 557+0.13* | 10.23+0.73* | 4.33+0.08* 0.15% 0.05
7.65+ 8.01+
H 5.6 £0.11* 5.6 £0.12* 409+ 2.73* 17.28 +1.82* 0.28* 0.02
791+ 7.86 %
| 5.55+0.12* 5.54 +0.12* 51.53+5.21* | 21.87 £2.41* 0.48* 0.05

* The star symbol * means that the treatment showed a significant result compared with the
control using two samples t-test of unequal variances.

4. Discussion

The accumulation of salts in the soil in this experiment may be explained
by several reasons, such as low quality irrigation water, inadequate
management practices and climate conditions, in addition of the insufficient
amount of irrigation that reduces the ability of the soil to leach salts and
causes further accumulation of salts. This could explain results of Table 4
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where the accumulation of salts was significant in R3 treatments (the lowest
irrigation amount).

According to the Two-way ANOVA (Table 5), three hypothesis can be
discussed, the impact of salinity levels on soil salinity, the impact of
irrigation water amounts on soil salinity, and the impact of the interaction
between salinity levels and irrigation amounts on soil salinity. The results
showed that the water salinity level has the highest impact on soil salinity,
particularly when irrigated with 8 dS/m saline water, while irrigation water
has insignificant effect, and the interaction between the two factors was
insignificant too.

The accumulation of salts in the field during the growing season didn’t
exceed the average of 4.51 dS/m for the 80 cm depth, even in the most
stressed treatment (I). This can be explained by the short growing season in
the field due to the hot climate in Jordan Valley. Such a short growing
season limited the effect of the irrigation water on salinizing the soil. Also,
the type of soil texture affects the rate of salinization. Loamy sand, the soil
texture of the study area has a high proportion of sand particles that do not
allow for much accumulation of salts unlike clay particles (Singh &
Chatrath, 2001).

The accumulation of salts was noticed to be near the surface. In the field,
most of the layers with 50 and 70 cm depth stayed non-saline, this was
mostly noticed in April. The climate condition at Jordan Valley is expected
to play the major role in this, where the rainfall was less than 80 mm for the
whole season. The temperature started a rapid increase from the mid of
February, the salt is expected to be near the surface as the rate of
evaporation exceeds the rate of rainfall. According to Fig. 3 the difference
between the treatments in soil salinity started to be obvious in March, and
recorded as statistically significant from February. This can be explained by
two reasons, the frequent irrigation in March and the high evaporative
condition due to the increase in temperature, this was in a good agreement
with (Bajwa et al., 1992), (Hamam & Negim 2014), & (Bedbabis et al.,
2014).

Even though the experiment was conducted in a short term for one
growing season of durum wheat but there was a deterioration in the soil
chemical properties, sodium concentration, SAR, and ECe increased
significantly, while the magnesium and calcium concentration decreased.
There was no significant change in pH. The significant decrease in calcium
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and magnesium was noticed at the end of the growing season mainly
because of the plant uptake and the effect of sodium accumulation (Munns,
2002). The high increase in sodium concentration in soil from the applied
irrigation water increased the SAR for (H and 1) treatments to be above 13,
the high SAR indicated that the soil became sodic according to the increase
of sodium in relative with calcium and magnesium in soil. The soil salinity
was above 4 dS/m in H and | treatments, accordingly a saline sodic soil was
formed in the most stressed treatments H and | after one wheat growing
season of NaCl irrigation water in Jordan Valley. The increase in soil
salinity and sodicity when a sodic irrigation water is used was also observed
by Ashraf et al. (2017) in a short-term experiment.

5. Conclusion

Saline irrigation water concentration has a great effect on soil salinity
and sodicity. Also, the unique climate condition of Jordan Valley is assumed
to play an essential role in affecting the level of deterioration of soil salinity
and sodicity when irrigated with NaCl saline water even for one season. A
70% RAW (R3) can still be suitable to be used with a moderate saline
irrigation water as this treatment did not increase soil salinity and pH
significantly during the growing season for S1 and S2. The impact of saline
and sodic irrigation water on soil salinity should be conducted in other
locations at the valley to establish a long- and short-term management plan
to limit the increase in salt affected soil in Jordan, and keep sufficient
agricultural productivity for the valley in the future.

48



Mu'tah Lil-Buhuth wad-Dirasat, Natural and Applied Sciences Series Vol. 35. No.2, 2020.

References

AbuAisha, E., (2001). Permanent Use of Water in Irrigation in Jordan’s
Valley. The Second International Conference of Water. The
Jordanian Engineers Syndicate and the Ministry of Water and
Irrigating, Amman, Jordan.

Ashraf, M., Shahzad, S., Akhtar, N., Imtiaz, M., & Ali, A., (2017).
Salinization/sodification of soil and physiological dynamics of
sunflower irrigated with saline—sodic water amending by potassium
and farm yard manure. J. Water Reuse Desalin. 7, 476-487.

Allen, R., Pereira, L., Raes, D. & Smith, M., (1998). Crop
evapotranspiration, guidelines for computing crop water
requirements, FAO Irrigation and drainage paper 56. Rome: FAO.

Al-Rjoub, F. & Al-Samarrai, M. (2006). Growth and Yield Responses of
Three Durum Wheat Cultivars Subjected to Four Levels of Available
Soil Moisture, Agric. Sci., 33 (3), 12.

Al-Zu’bi, Y. (2007). Effect of irrigation water on agricultural soil in Jordan
valley: an example from arid area conditions, J Arid Environ,
7,63-79.

Al-Zu'bi, Y. & Al-Kharabsheh, A. (2003). Multicriteria analysis for water
productivity in the Jordan Valley, Water Int, 28,501-511.

Amézketa, E., (1999). Soil aggregate stability: A review. J Sustain Agric,
4:83-151.

Ammari, T. Tahhan, R., Abubaker, S., Al-Zu’Bi, Y., Tahboub, A., Ta’Any,
R., Abu-Romman, S., Al-Manaseer, N., and Stietiya, M. H., (2013).
Soil Salinity Changes in the Jordan Valley Potentially Threaten
Sustainable Irrigated Agriculture, Pedosphere, 23(3),376—-384.

Askri, B. Ahmed, A., Abichou, T. & Bouhlila, R. (2014). Effects of shallow
water table, salinity and frequency of irrigation water on the date
palm water use, J Hydrol, 513,81-90.

Bajwa, M.m Choudhary, O. & Josan, A. (1992). Effect of continuous sodic
and salinesodic waters on soil properties and crop yields under
cotton-wheat in northern India. Agric. Water Manage. 22, 345-350.

49



Effect of NaCl Saline Irrigation Water on Soil Salinity
Lama Hammde, Aymn Suliema
Bedbabis, S., Trigui, D., Ben Ahmed, C., Clodoveo, M., Camposeo, S.,
Vivaldi, G., & Ben Rouina, B. (2015). Long-terms effects of
irrigation with treated municipal wastewater on soil, yield and olive
oil quality. Agric. Water. Manag. 160, 14e21.

Blake, G. (1965). Bulk Densityl. In: Black, CA. editor, Methods of Soil
Analysis. Part 1. Physical and Mineralogical Properties, Including
Statistics of Measurement and Sampling, Agron. Monogr. 9.1. ASA,
SSSA, Madison, WI. pp. 374-390. doi:10.2134/agronmonogr9.1.c30.

Bremner, J. (1965). Total Nitrogen 1. In: Norman, AG. Editor, Methods of
Soil Analysis. Part 2. Chemical and Microbiological Properties, 2nd
ed.; Agron. Monogr. 9.2. ASA, SSSA, Madison, WI. pp. 1149-1178.
doi:10.2134/agronmonogr9.2.

Chapman, H. (1965). Cation-Exchange Capacity 1. In Norman, AG. editor,
Methods of Soil Analysis. Part 2. Chemical and Microbiological
Properties, 2nd ed.; Agron. Monogr. 9.2. ASA, SSSA, Madison, WI.
p. 891-901. doi:10.2134/agronmonogr9.2.c6Bower CA and Wilcox
LV (1965). Soluble salts, methods of soil analysis part 2: chapter 62.
Black CA.

Ekmekci, B., Elkoca, O., Tekkaya, E. & Erden, A. (2005). Residual stress
state and hardness depth in electric discharge machining: de-ionized
water as dielectric liquid. Machining Science and Technology, 9:1,
39-61.

Gardner, W. (1965). Water Content. In: Black, C. A. editor, Methods of Soil
Analysis. Part 1. Physical and Mineralogical Properties, Including
Statistics of Measurement and Sampling, Agron. Monogr. 9.1. ASA,
SSSA, Madison, WI. pp. 82-127.

Munns, R., (2002). Comparative Physiology of Salt and Water Stress. Plant
Cell Environ. 25 (2), 239-250.

Hadadin, N., Qagish, M., Akawwi, E. & Bdour, A. (2010). Water shortage
in Jordan sustainable solutions. Desalination, 250(1),197-202.

Hamam, K. & Negim, O., (2014). Evaluation of wheat genotypes and some
soil properties under saline water irrigation. Ann. Agric. Sci. 59,
165-176.

50



Mu'tah Lil-Buhuth wad-Dirasat, Natural and Applied Sciences Series Vol. 35. No.2, 2020.

Huang, C. Xue, X., Wang, T., De Mascellis, R., Mele, G., You Q. G., Peng,
F., & Tedeschi, A., (2011). Effects of saline water irrigation on soil
properties in northwest China, Environ Earth Sci, 63,701-708.

Lauchli, A. & Grattan, S. (2007). Plant Growth and Development Under
Salinity Stress. In: Jenks M.A., Hasegawa P.M., Jain S.M. (eds)
Advances in Molecular Breeding Toward Drought and Salt Tolerant
Crops, Springer: Dordrecht, Holland, pp.1-32.

Machado, R. & Serralheiro, R. (2017). Soil Salinity: Effect on Vegetable
Crop Growth. Management Practices to Prevent and Mitigate Soil
Salinization, Horticulturae, 3 (2), 30.

Miyamoto, S., Chacon, A.; Hossain, M. & Martinez, 1., (2005). Soil salinity
of urban turf areas irrigated with saline water, Landscape Urban Plan,
71:233-241.

Oliver, D., Bramley, R., Riches, D., Porter, I. & Edwards, J. (2013).
Review: soil physical and chemical properties as indicators of soil
quality in Australian viticulture, Australian Journal of Grape and Wine
Research, 19(2):129-139.

Olsen, S. & Dean, L. (1965). Phosphorus 1. In: Norman, A. G. Editor,
Methods of Soil Analysis. Part 2. Chemical and Microbiological
Properties, 2nd ed.; Agron. Monogr. 9.2. ASA, SSSA, Madison, WI.

Rani, B. & Sharma, V. (2015). Standarisation of methodology for obtaining
the desired salt stress environment for salinity effect observation in rice
seedlings, Integrated Publishing Association, 6,NO2.

Marchuk, A. & Rengasamy, P. (2011). Cation ratio of soil structural
stability (CROSS), Soil Research, 49:280-285.

Rhoades, J. Chanduvi, F.,and Lesch, S., (1999). Soil Salinity Assessment:
Methods of Interpretation of electrical conductivity measurements.
Rome: FAO.

Rietz, D. & Haynes, R. (2003). Effects of Irrigation-Induced Salinity and
Sodicity on Soil Microbial Activity, Soil Biology and Biochemistry,
35:845-854.

Shammout, M. Qtaishat, T. & Shatanawi, M. (2017). Irrigation Practices for
Improving Water Productivity in Jordan Valley. DEStech Transactions
on Social Science, Education and Human Science, (etmi).

51



Effect of NaCl Saline Irrigation Water on Soil Salinity
Lama Hammde, Aymn Suliema
Shrivastava, P. & Kumar, R. (2014). Soil salinity: A serious environmental
issue and plant growth promoting bacteria as one of the tools for its
alleviation. Saudi journal of biological sciences, 22(2), 123-131.

Singh, K. & Chatrath, R. (2001). Salinity tolerance. In: Reynolds, M.P.,
Monasterio, J.1.O0., McNab, A. (Eds.), Application of Physiology in
Wheat Breeding. CIMMYT, Mexico, DF, pp. 101-110.

Smith, J. & Doran, J.W., (1996). Measurement and Use of pH and Electrical
Conductivity for Soil Quality Analysis. In: Doran, J.W and Jones, A.J.,
Eds., Methods For assessing Soil Quality, Soil Science Society of
America Journal, SSSA, Madison.

Tedeschi, A. & Dell’ Aquila, R. (2005). Effects of irrigation with saline
waters, at different concentrations, on soil physical and chemical
characteristics, Agric Water Manag, 77:308-322.

Thompson, K. (1991). Irrigation water quality effects on soil salinity and
crop production in the Powder River Basin, MT. M.S. thesis, Montana
State University, Bozeman. 151 pp.

Webber, H. Madramootoo, C., Bourgault, M., Horst, M., Stulina, G.&
Smith, D. (2010). Adapting the CROPGRO Model for Saline Soils: The
Case for a Common Bean Crop. Irrig. Sci., 28 (4), 317-329.

52



