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Abstract

This study carried out in pot experiments at the Research and Training Station of King Faisal University (KFU), Al Hassa
region, Saudi Arabia, during 2017 growing season of wheat (Triticum aestivum L.). The purpose of this research work is to
study the effect of gypsum and groundwater quality on some soil chemical properties. Two types of soil samples namely
sandy soil and calcareous soil were used in the investigation. Four levels of ground water with different qualities (1.46, 4.24,
6.44 and 8.37 dS/m) were used for the wheat irrigation. Gypsum was applied as a soil amendment at rates of (0, 20 and 40 t/ha).
The data revealed that, soil pH, ECe, the cations (Sodium Na*, Potassium K*, Calcium Ca?* and Magnesium Mg?*), the anions
(Colure CI, Hydro-Carbonate HCO," and Sulphate SO,*) and Sodium Adsorption Ratio (SAR) of saturation paste extract in
both soils increased as a result of increasing salinity levels of irrigation water. Moreover, Soil pH, ECe, cations (Na*, K* and
Mg?), anions (CI- and HCO,)) and a significant reduction in the absorption rate SAR of the soil saturation paste for both
calcium Ca* and sulfate SO,* resulted in the use of gypsum. The grain yield of wheat decreased significantly in sandy soil
and calcareous soil with the increase in salinity of irrigation water. On the other hand, the grain yield of wheat enhanced

gradually as the application rate of gypsum increased in both sandy and calcareous soils.
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Introduction

The world is facing challenges of water shortage,
especially in arid and semi-arid areas, and good water
resources management in any country is highly efficient.
Water is one of the most important factors that help to
increase agricultural development in developing countries
and help to meet the needs of the population in those
countries. Therefore, water from seawater treatment can
be used for irrigation activities. The irrigation water in
Eastern region of Saudi Arabia, particularly at Al-Hassa
oasis, varies widely in term of salt concentration in water
and in soil.

The important factors that control soil salinity are
the irrigation system, method, soil texture and quantity of
water added (Balba, 1995). Interaction between the
deficit irrigation and water quality significantly affected
crop yield (Arafat et al., 2019). The highest salinity levels
found were in deepest layers of the irrigated zone, due to
salt leaching caused by irrigation (Dohouha et al., 2018).
The chemical properties of the soil are affected by the
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salinity of the irrigation water and the extent to which it
contains salts, the pH of the soil is inversely proportional
to the salinity of the irrigation water, which may exceed
4000 ppm (Alawi et al., 1980). On the other hand,
concentration of soluble Ca?*, Mg?, K*; Na* highly
increase as the salinity level of the irrigation water
increased up to 4000 ppm (Abd EI-Nour, 1989).
Concentration of soil available of cations such as Na*,
K*, Ca? and Mg?* increased with increases of irrigation
water salinity (IWS) and P and Zn were decreased (Dina
A. Ghazi 2018). Clark et al., (1999) reported that soil
salinity, extract soil Ca?*, Mg?*, K*, Na*, while soil pH
and sulphur (S) decreased, with increasing salinity levels
in irrigation water.

Some chemical properties of water used for irrigation
were studied and it was observed that in case of
increasing salinity of irrigation water, this results in gradual
increase in soil salinity, (Ragab, 2001). Ragab et al.,
(2008) reported that soil salinity and soluble cations and
anions in sandy and the calcareous soil increase as result
with the increasing of salinity levels in the irrigation water.
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Kalavrouziotis et al., (2008) found that the effects
of the treated municipal reclaimed wastewater (TMRW)
on macro- and the micro-elements status of the soil. The
results showed that applied TMRW has significant
increasing, in the comparison by control, the content of
some the macro and the microelements in the same soil
type, whereas, concentrations of the most of them in
general were accepted of the critical levels.

Kadam and Mahatma (2006) noticed that soil pH,
EC, Na*, Mg?* and SAR of saturation soil paste extracted
has been increased with the saline water irrigation
treatments, in the other hand Ca?* contents has been
decreased. Fatih et al., (2007) reported that, the applied
wastewater has been increased of the soil salinity,
exchangeable of Ca?", Mg?", K*; Na* and has been
decreased of the soil pH.

Bajwa et al., (1993) reported that application of
gypsum decreased sodium adsorption ratio of the soil.
Niazy et al., (2000) reported that various gypsum
treatments resulted in improved soil chemical properties
by lowering its pHs, ECe and SAR.

C.M. et al., 2012 mentioned that Gypsum that was
not treated with sulfur was significantly increased at the
occurrence of ground clusters less than 0.25 mm, the
rate of water leaching in the soil and the rate of salinity
of sodic Ks of the soil. However, it was confirmed by a
prolonged experiment where no significant changes in
soil acidity were observed using gypsum and irrigation
using saline water (Rashid et al., 1994). It was observed
that pH, ECe, Na +, Mg2 + and SAR in the saturated soil
sample extract were reduced at the same time, an
increase in Ca2 content was observed with the addition
of gypsum (Kadam and Mahatma, 2006).

Wheat is considered a crop that is classified as semi-
resistant to the salinity of water and soil. It was noted
(Padole 1991) that in the case of irrigation with high salinity
water about (EC = 4.2 dSm™) or severe water in the
salinity (EC = 14 dSm?) Sodium absorption ratio (SAR =
8.6) resulted in a very significant decrease in the value
of wheat production. Chauhan and Singh (1993) studied
wheat production in clay sandy soils under the influence
of salinity levels of irrigation water with a value between
2-16 dSmL. It was found that seed germination of wheat
decreased in relation to salinity levels greater than 6 dSnr
1, Also, the dry matter (DM) and wheat grain production
decreased at salinity levels of 12 dSm.

Soliman et al., (1994) found that when irrigated with
salinity levels 4, 8.2, and 12.5 dSm™ helped reduce hay
and wheat grains, (Samiha 2006) found that when using
saline irrigation water, the value of wheat yield was
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reduced by 4.14, 4.38% for each of Sakha 93 varieties,
brief 168 respectively, Wheat yield increased by 132%
using gypsum soil treatment by 100% (Niazi 2000). The
addition of gypsum to soil during deep tillage improved
the physical and chemical properties of saline soils with
sodium ion and increased wheat yield (Kheir et al., 2018).

The aims of current research work are to clarify the
impact of irrigation by saline water and application of
gypsum as a soil amendment on soil chemical properties
of the calcareous and sandy soils and yield of wheat plant
that irrigated with saline water.

Materials and methods

The experiments of the study conducted in pots under
greenhouse conditions at the Research and Training
Station of KFU, Al Hassa area. Two types of soil samples
namely sandy soil and calcareous soil were used, taken
from surface layer (0-30 Cm), were collected from the
Station and Al Hassa area. Some physical and chemical
properties of these soils are shown in Table 1. Four levels
of ground water with different qualities (1.46, 4.24, 6.44
and 8.37 dS m) were used for irrigation. Chemical
analysis of ground water was determined according to
the recommended methods (Richard, 1972, Wilcox, 1958
and FAO, 1973 & 1976) (Table, 2). Gypsum was applied
as a soil amendment at rates of (0, 20 and 40 t/ha).

Plastic pots of 30 cm in diameter and 35 cm deep
with small holes in the bottom for drainage were filled
with 20kg soil samples mixed with gypsum, leaving about
7 cm of free upper space for applying irrigation water.
The experiment was conducted in a Split Plot Design
with 3 replicates. The main plots contain Gypsum (G)
treatments, while the subplot was devoted to the
groundwater (W) treatments. The pots were seeded with
wheat, Twenty five seeds of wheat Triticum aestivum
L., were planted in each pot on Oct.,15, 2016 When
seedlings were established, and then thinned to ten
uniform plants per pot. Nitrogen, Phosphorus and
potassium fertilizer was added as per recommendation
of Ministry of Agriculture. Throughout the harvest period
(Feb., 25, 2017) grains yield per pot was measured.

At the end of season, representative soil samples
were taken by soil tube from each pot to a depth of 28
cm. All collected soil samples were air dried, grounded
and sieved through a 2mm sieve and kept for chemical
analysis. The pH and total soluble salts were measured
in the soil paste extract (Rhoades, 1982). Sodium and
potassium was determined by flame photometery
according to Jackson (1973). Calcium and magnesium
were determined by atomic absorption spectrophotometer
according to Carter (1993). Soluble carbonates and
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bicarbonates were determined volumetrically in the soil
paste extract by titration against 0.01 N Hydrochloric
acid using phenolphthaline and methyl orange as an
indicator according to Jackson (1967). Soluble chlorides
were determined by titration with 0.01 N silver nitrate
solution and potassium chromate as indicator according
to Richards (1954).

All collected data were subjected to statistical analysis
of variance according to SAS Software (SAS Institute
Inc., 1996).

Results and Discussion
Quality of irrigation water

The water quality parameters for all selected ground
water sources (1.46 to 8.37 dS/m), were evaluated and
presented in Table 3. (FAO, 1976 ), recognized that the
salinity level of EC-iw =3 dSm is acute and causes soil
and plant problems. Therefore, the appropriate value for
the treatment of a salinity problem is EC-iw = 1 dSm?,
which is below the limit that causes salinity problems.
Any problem in its use in agricultural activities.

Other treatments of irrigation water have ECiw
values more than the critical level ranging from moderate

Table 1: Physical and chemical properties of soils.

3537

to high saline. High salinity irrigation water (8.37 dS/m)
may cause severe salinity problems for soil and plant.
Consequently, continuous irrigation without good water
management (washing needs) will lead to large and
significant salinity problems in the soil and thus adversely
affect plants.

Table 3 show that Sodium Adsorption Ratio, (SAR)
of the values of all sources of ground water has the lowest
in the comparing with the value of the critical sodium
hazard level (less than 10), has been reported by
(Richards, 1972).

Sodium gravity index in groundwater is expressed as
soluble sodium (SSP) where SSP ranges from 45.51 to
45.98%. The data revealed that all values of SSP were
in the range of safety limit (< 60%) as reported by Wilcox
(1958).

Magnesium hazard (SMgP) considered one of an
important suitable irrigation water. In this respect, the
SMgP values tabulated within Table 3 indicated that all
sources of ground water have a value ranged from 36.76
to 44.08%. Therefore, all obtained values of magnesium
hazard for treatments irrigation water are less than the
50%, harmful level. Salts of magnesium have some toxic
effects on the higher toxicity of Mg ions and plants than
the toxicity of the Na ions which it has the same

Property Sandy Calcareous concentration

Particle size distribution,% soil soil '
sand 030 5910 The remaining sodium RSP helps in the formation of
silt 2 2% carbonates and the dissolution and deposition of calcium
clay 5.68 16.68 as well as the degree of being less than magnesium
Texture sand sandy loam carbonate. Thus, the rate of insoluble carbonate increases
EC, dS/m 0.92 126 and increases the severity of the sodium in irrigation water
pH 711 799 more and worsens the condition of the irrigated soil with

Cations, meq/L Paste Paste this water containing sodium carbonate.

Na" 151 1n The obtained values of the RSP are negative values,
K* 075 071 which means that Ca?* + Mg? is more than the CO. +
Ca™ 451 647 HCO-, resulted in no problem of sodium hazard. Potential
Mg™ 241 367 salinity (PS) for all sources of groundwater used ranged
Anions, meg/L Paste Paste from 8.24 to 60.14 meg/L. The high values of PS over
CO,+HCO; 115 13 the critical level (5 meq/L) as reported by Richards (1972)
cr 5.12 6.21 may be due to high chloride and sulphate content in the
SO/ 231 4.79 irrigation water. Chloride ion (CI) is extremely high and
NO,, mg/L 17.36 217 ranged from 5.80 to 45.5 meg/L as shown in Table 2.
CaCO3 % 26 279 According to the guidelines for interpreting water quality
Table 2: Water quality characteristics of irrigation water. (FAO, 1976) this may also cause severe problems
Treatm-| PH | ECSoluble cations, meqg/L Soluble anions, meg/L] concerning Cl- toxicity to plants. The nitrate
ent NO. (ds/m) [ Na* [ K* [ Ca?* [ Mg¥ | CL" [HCO, [ SO,> | contents (NO,") of groundwater used in this
1 [706] 146 | 764 |031] 415 | 241 | 580 | 383 | 4838 | studyvaried from treatment to another, but did
2 |689| 424 |1918/099 (1205 | 950 | 2200 | 510 | 14.63 | notexceed the critical limit (45 mg/L) that cause
3 |755| 644 |2897|129|19.26 |14.13 | 36.10 | 383 | 23.72 | nitrate poisoning (Wilcox, 1958). Generally,
4 |704| 837 |4026|190|2407 | 1493 | 4550 | 6.38 | 29.29 | from the data previously presented, it appears
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Table 3: Quality parameters of ground water used in the

irrigation.

Treatm-| BEC |SAR | SSP | RSP |SMgP| PS | NO;
ent NO. |(dS/m) (mg/L)
1 146 | 422 |5267| -2.73|36.76 | 824 | 800
2 424 | 584 | 4598 |-16.45|44.08 [29.31 | 3040
3 644 | 709 | 4551|-2957|42.32 |47.96| 40.20
4 837 | 912 | 49.60|-32.63| 38.29 |60.14 | 2450

that, ground water has been used in the current study
may cause some problems.

The effect of saline irrigation water and gypsum on
the soil chemical properties

The data in Tables no. (4 and 5) show the electrical
conductivity of soil paste extract (ECe) significantly
increased because of the increasing the irrigation water
salinity levels, which less pronounced in the sandy soil
than calcareous soils. This attributed to great surface
area of fine particles, which adsorb the more soluble and
the exchangeable cations of the saline solution. The
highest values were 1.70 and 6.93 dS/mfor the treatment
(4) and lowest one for the control (treatment, 1) (1.04;
1.40 dS/m) in the sandy and the calcareous soil, in the
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same sequence. There are a significant correlation
between the salinity of irrigation water (ECiw) and soil
salinity (ECe), it reached a values of 0.99** and 0.99**
for sandy soil and calcareous soil, respectively. Dahdoh
and Hassan (1997) confirmed this result. They mentioned
the increasing in soil ECe attributed to accumulation of
the salts in the soil as result of the application of the
saline water. Soil pH increased from 7.37 to 7.56 and
from 7.95 to 8.31 for sandy soil and calcareous soil,
respectively under saline water irrigation treatment.

The data also, indicated that all soluble cations and
anions of soil solution were significantly increased as the
salinity of irrigation water increased. Soluble calcium
content in sandy soil increased by 21, 45 and 63%,
respectively over the control (treatment, 1). The
corresponding values for calcareous soil were 162, 279
and 395 %, respectively over the control (treatment, 1).
Also, soluble magnesium content in sandy soil increased
by 32, 50 and 94%, respectively over the control
(treatment, 1). The corresponding values for calcareous
soil 131, 246 and 421 %, respectively over the control
(treatment, 1). Soluble chloride increased by 124, 141
and 147% in sandy soil and 216, 369 and 472% in

Table 4: Effect of of irrigation water salinity and gypsum on chemical properties of sandy soil.

Treatments pH EC The soluble cations, (meg/L) [The soluble anions, (meg/L) | SAR
Gypsum (t/ha) | Water,dS/m (dS/m) | Ca?* | Mg? | Na* K* Crl HCO, | SO~
0 134 749 109 122 | 068 | 818 0.29 9.06 0.20 111 8.39
424 758 139 134 126 | 1092 | 033 1168 0.23 194 958
6.44 761 165 152 144 | 1257 | 038 1301 0.26 263 | 1034
0 7.64 189 168 157 | 1344 | 042 1319 0.33 359 | 1054
20 134 735 105 125 | 088 | 7.88 0.28 721 017 291 7.64
424 748 126 139 101 | 860 0.35 8.72 022 241 7.85
6.44 7.56 152 155 116 | 1148 | 037 997 0.28 4.30 9.87
837 755 163 173 169 | 1199 | 041 10.85 0.30 4.66 917
40 134 727 0.99 127 | 087 | 651 0.29 6.21 0.16 256 6.30
424 7.39 112 152 | 093 | 823 031 750 0.19 330 743
6.44 744 1.36 165 105 | 988 0.33 8.82 023 3.86 849
837 748 159 185 145 | 1174 | 034 9.10 027 6.01 914
main effect of gypsum (t/ha)
0 758 151 144 124 | 1128 | 036 1174 0.26 232 971
20 749 137 148 118 | 999 0.35 9.19 0.24 357 8.63
40 740 127 157 107 | 9.09 0.32 791 021 393 7.84
LSD (0.05) 0.01** | 0.02** | 0.04** | 0.18** | 0.23** | 0.01**| 0.05** | 0.02** | 0.06** | 0.15**
main effect of water (dS/m)
1.34 737 104 125 | 081 | 752 0.29 749 0.18 219 744
4.24 748 126 142 107 | 925 0.33 9.30 021 255 829
6.44 754 151 157 122 | 1131 | 036 10.60 0.26 3.60 957
8.37 7.56 170 175 157 | 1239 | 039 11.05 0.30 475 9.62
LSD (0.05) 0.02** | 0.02** | 0.02** | 0.16** | 0.45** | 0.01**| 0.06** | 0.02** | 0.04** | 0.13**
Interaction W x G
LSD (005) ** ** ** ** ** ** ** NS ** **
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calcareous, respectively over the control treatment.

Sulphate content of sandy and calcareous soil
increased by increasing the salinity of irrigation water.
Clark et al., (1999) noticed that the soil salinity, extracted
soil calcium: Ca, magnesium: Mg, sodium: Na and
potassium: K, has been increased with increasing the
salinity in the irrigation water. Ragab et al., (2008)
reported that, the soil salinity and soluble cations and anions
in sandy and the calcareous soil has been increased as
result of the increasing of the salinity levels of the water
of irrigation. Kadam and Mahatma (2006) noticed that
the soil pH; EC; Na*; Mg?* and SAR of the saturation of
paste extract has been increased under the saline of the
irrigation water treatments. The irrigation with saline water
significantly increased SAR values in sandy soil and
calcareous soil. The highest of the values is found for the
treatments no. (4), while lowest values have been found
for the control (treatment, no. 1). In sandy soil the percent
of increases were 93, 124 and 126%, respectively over
control treatment. With regard the effect of gypsum on
soil chemical properties. The results indicated that soil
pH, EC, Na*, K*, Mg*, HCO,, CI'; SAR of the saturation
of soil paste extract in both sandy and calcareous soil
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significantly has decreased while the Ca** and SO,*, the
content of significant increased with the application of
the gypsum (Table, 4). Soil ECe, Na*, K*, Mg**, HCO_,
Cl-and SAR of sandy soil decreased by about 5.95, 13.10,
19.42,10.56, 32.62,16.67 and 19.25%, respectively over
the control treatment. The corresponding values for
calcareous soil were 16.42, 18.35, 18.21, 11.73, 48.71,
16.91 and 19.50%, respectively over the control
treatment. Ca** and SO, content of sandy soil increased
by about 40.86 and 69.60% %, respectively over the
control treatment. The corresponding values for
calcareous soil were 36.63 and 261%, respectively over
the control treatment. These results agree with those
obtained by Kadam and Mahatma (2006).

Gypsum applied within treatment 100% GR in two
splits decreased sodium adsorption ratio of the soil, (Niazi
et al., 2000). Similar results has been published where
the gypsum has reported to be most successful chemical
reclamation agent used in Pakistan (Qureshi, 1998).

The effect of the saline irrigation water and gypsum
application on the wheat yield

Table 6 show the effect of the saline irrigation water

Table 5: The effect of saline irrigation water and the gypsum application on the chemical properties of the calcareous soil.

Treatments pH EC The soluble cations, (meg/L) [The soluble anions, (meg/L) | SAR
Gypsum (t/ha) | Water,dS/m (dS/m) | Ca?* | Mg? | Na* K* Crl HCO, | SO~
0 134 8.05 154 179 124 1 1113 | 099 12.80 0.38 197 9.04
424 813 391 428 376 | 30.72 105 35.66 0.48 367 | 1532
6.44 828 563 563 | 490 | 4288 116 4842 0.66 549 | 1869
837 8.39 737 722 612 | 5240 132 56.88 0.73 945 | 20.29
20 134 7.92 146 170 140 | 860 093 724 0.36 5.03 6.91
424 8.09 385 425 209 | 26.28 101 2391 0.48 925 | 1476
6.44 819 544 554 | 414 | 3750 112 35.69 0.64 1197 | 17.05
837 83 727 9.16 752 | 5060 125 4840 0.72 1941 | 1752
40 134 7.88 120 151 105 | 789 0.84 384 0.30 715 6.97
424 8.03 324 2.89 269 | 2380 | 094 15.90 0.40 1402 | 1425
6.44 811 4.84 6.26 375 | 3514 103 27.84 057 1778 | 1571
837 823 614 | 1519 | 559 | 4532 118 31.28 0.61 3539 | 14.06
main effect of gypsum (t/ha)
0 821 461 473 | 401 | 3428 113 3844 0.56 514 | 1584
20 813 451 5.16 379 | 30.75 108 28.81 055 1142 | 14.06
40 8.06 3.86 6.46 327 | 2804 100 19.72 047 1858 | 1275
LSD (0.05) 0.03** | 0.03** | 0.04** | 0.02** | 0.62** | 0.04**| 1.95** | 0.02** | 0.35** | 0.71**
main effect of water (dS/m)
1.34 7.95 140 167 123 | 921 0.92 7.96 0.35 472 7.64
4.24 8.08 367 381 285 | 2693 100 25.16 0.45 898 | 1478
6.44 819 530 581 | 426 | 3851 110 3731 0.62 1175 | 1715
8.37 831 693 | 1052 | 641 | 4944 125 4552 0.69 2142 | 17.29
LSD (0.05) 0.01** | 0.03** | 0.04** | 0.03** | 1.42** | 0.02**| 1.33** | 0.02** | 0.26** | 0.40**
Interaction W x G
LSD (0.05) NS falel falel falel NS NS falel NS falel falel
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and gypsum treatments on wheat grain yield. The result
show, the increased of saline irrigation water has been
significant decreased grain yield in pots. Wheat yield has
been increased by increasing the saline of irrigation water
and reach to highest at 8.37 dS/m saline level. Increasing
water salinity in sandy soil reduced the grain yield of
wheat by about 30, 36 and 42 %, for salinity levels 4.24,
6.44 and 8.37 dS m, respectively, relative to the control
treatment. The corresponding values for calcareous soil
were 18, 24 and 49%, respectively, relative to the control
treatment. Zein et al., (2003) found that wheat grain
significantly affected by increasing irrigation water salinity.

With respect the effect of gypsum application on grain
yield of wheat. Data in Table 6 revealed that grain yield
of weight increased gradually as the application rate of
gypsum increased in both soils. Grain yield in sandy soil
increased by 9.0 and 15.0%, for rates of 20 and 40 ton/
ha, respectively, relative to the control treatment. The
corresponding values for calcareous soil were 7.0 and
13.0%, respectively, relative to the control (treatment,
1). These results agree with those obtained by (Niazi et

Table 6: The effect of saline water and the gypsum treatments
on the wheat grain yield.

Treatments Thesandy | The calcareous
Gypsum Water, soil Grain soil Grain
(t/ha) EC,dS/m /pot (g) /pot (g)
0 134 5841 71.92

4.24 37.27 58.78
6.44 36.86 55.11
837 31.89 3744
20 134 59.52 77.12
4.24 4512 63.66
6.44 37.88 58.19
837 3752 40.19
40 134 61.38 81.16
4.24 4643 67.19
6.44 4328 62.47
8.37 38.32 4156
main effect of gypsum (t/ha)
0 4111 55.81
20 4501 59.79
40 47.35 63.10
LSD (0.05) 2.69** 1.92%*
main effect of water (dS/m)
134 61.38 77.12
4.24 4293 63.21
6.44 3034 5859
8.37 3591 39.73
LSD (0.05) 2.36** 1.44**
Interaction W x G
LSD (0.05) NS NS
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al., 2000), they found that, the application of gypsum
within treatment of 100% GR in the split doses has
improved the yield of wheat with significant. The highest
increase of wheat yield was (132%) has been observed
in the gypsum in plots treated within the treatment of
100% GR in the one shot.

Conclusion

Soil pH, EC, soluble cations, anions and Sodium
Adsorption Ratio (SAR) of saturation paste extract of
sandy and calcareous soils significantly increased with
increasing salinity of irrigation water. Moreover, various
of the gypsum treatments has resulted in the better wheat
yield and the improved of the soil chemical properties by
the lowering its pH, EC and SAR. Therefore, the
application of gypsum could be recommended as the
effective and the useful for the water and irrigation
management tool for the salts-affected soil.
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