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ABSTRACT

Columns experiment was constructed on the farm of Agriculture College, Al-Azhar University to study
the efficiency of agricultural gypsum in improving the chemical properties of alkaline clay soils (El -Salam Canal
project soil) which irrigated with agricultural drainage water. Soil samples were taken from the research region;
they were prepared then mixed with agricultural gypsum GR. The treatments were watering with varying quality
having different values of SAR. The experiment consisted of 15 columns comprised five treatments in three
replicates completely randomized design. Plastic columns with the diameter of 15 cm and 45 cm length and tatted
with a slot at the bottom so that drained water are collected regularly during the probationary period for the
purpose to track the change in some chemical properties such as EC and pH. The results showed an increase in
the values of pH, EC in treatments that contain high concentration of sodium used for irrigation, which led to a
decrease in the efficiency of agricultural gypsum through the soil column of experiment compared to the control.
The results also showed a linear relationship between SAR and ESP. The obtained linear equation was ESP =
1.0148 SAR+ 6.0165 where R2 = 0.831. It was also found that, by increasing the SAR values in irrigation water,
the efficiency of agricultural gypsum decreased. Therefore, it could be recommended adjusting the amount of
added agricultural gypsum to soils irrigated with water with high contents of sodium to prevent sodium

accumulation in root zone.
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INTRODUCTION

Sodic soil is one of the forms of salt affected soils
which pose a major issue for crop production due to physical
and chemical properties degradation. Reclamation and
improvement of these soils requires replacement of
exchangeable sodium on exchange complex by calcium ions
to the desired level. Irrigation with low-quality water is one of
the main causes of soil salinization, affecting all soil properties
as well as affects the efficiency of added fertilizers and the
amendments. This research was conducted to try to study the
efficiency of agricultural gypsum added to improve the
alkaline soil properties and the extent of the effect of low-
quality water on it. In Egypt, salt-affected soils represent
around 30% of the total agricultural area (FAO, 2005). The soil
that received gypsum at higher rate removed the greatest
amount of Na* from the soil columns and caused substantial
decrease in soil electrical conductivity EC and sodium
adsorption ration SAR (Hamza and Anderson, 2003). Poor
drainage and reuse of low-quality water supports the increase
of sodium and salinity (Mohamed ,2017). The accumulation
of salt resulting from using low-quality water in the root zone
was an important factor in reducing the yield (Al-Omran, et al.,
2010). The accumulation of excessive salt in irrigated soil
reduces crops yields, leads to ruin soil structure and affects
other soil properties (Hornick, et al., 2007). Saline
groundwater and poor drainage conditions are a constant factor
causing salinity resulting in poor productivity (Moukhtar, et
al., 2003). Accumulation of salts in soils changes its physical
and chemical properties, including pH and raises ESP values,
electrical conductivity, sodium absorption ratio SAR,
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saturated hydraulic conductivity and soil available water
capacity AWC. Consequently, mineral elements and water
availability for plant growth and yield of most crops are
affected (Al-Busaidi and Cooksen, 2003). Saline soils
properties can be improved by draining excess water out of the
root zone to reduce soluble salts. However, improving the
characteristics of such saline - sodic soils needs the removal of
sodium (Na*) from the soil, which can be accomplished by
adding soluble calcium (Ca?*) salts, such as gypsum, and then
leaching and expelling the exchanged sodium from the root
zones. (Khosla, et al., 1979). Gypsum especially improves
both chemical and physical properties of heavy clay and sodic
soils (Chen and Dick, 2011). Gypsum is frequently used to
restore saline-sodic and sodic soils. Because of its solubility,
low cost, availability, and ease of handling, it is the most
commonly used additive in agricultural areas for sodic soil
reclamation and reducing the negative effects of high sodium
irrigation water. (Amezketa, et al., 2005). Ca®* additions can
increase the diversity of soil qualities and act as soil modifiers,
reducing the possibility of sodicity, which is related to plant
growth, agricultural productivity, and crop productivity.
(Wong, etal., 2009) and (Chintala, etal., 2010). Gypsum plays
a significant role in the reclamation of saline-sodic soils by
providing a Ca?* cation to replace the exchangeable Na* from
the colloid's cation exchange positions and leaching Na* out
from the root zone into groundwater (Sharma and Minhas,
2005). The application of gypsum resulted in a considerable
increase in Ca*?and Mg*? concentrations in saline and sodic
clay soils, and improve chemical properties of soil in respect
of Na* salts release and reduce electrical conductivity, and led
to increase rice growth and yield, so gypsum is considered to
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be one of the best effective soluble salt filtration treatments to
reclaim saline and sodic clay soils and increase the efficiency
of water use, plant growth, and yield of rice (Hafez, et al.,
2015). Considered gypsum as an effective soil amendment to
reclaim sodic soils of poor aggregation (soil structure) (Fisher,
2011). Irrigation with low-quality water for long periods
without adding amendments to the soil, such as agricultural
gypsum, can deteriorate the properties of soil, whether
chemical and physical, as the pH values, ESP increased and
soil permeability decreased compared to the soils that were
treated with  agricultural gypsum and  organic
amendments(Choudhary, et al., 2011). Improving the
properties of soils irrigated with low-quality water needs to be
treated with gypsum as a source of Ca?*, which removes
excess Na* from the exchange complex and improves the soil
suitable for root growth and water and nutrient uptake by
plants (Qadir, et al., 2007). (Zare et al., 2014) proved that,
there is a linear relationship between (ESP) measured and
calculated based on soils water SAR and that the correlation
coefficient between them ( R? =0.806), this linear relationship
states the following :- ESP=0.941+1.119 SAR , they are tested
the significant differences between the two values with the
paired samples T-test, the results indicated that there are no
differences between the soil ESP values predicted by the
model and the measured by laboratory tests, whereas no
significant statistical differences were found at (P > 0.05). So
they are recommended that the ESP-SAR soil model can
provide asimple and direct, cost-effective, and concise method
for evaluating soil ESP. According to (Chaudhry, 2001) the
performance of agricultural gypsum as an amendment varies
in the reclamation of alkaline soils depending on soil texture,
how gypsum applied, gypsum purity, and gypsum mixing
ratio with other adjustments. Moreover, it is also affected by
the other treatments. (Ezeaku, et al., 2015) found that
application of soil reclamation treatments especially gypsum
at 100% GR and in combination with other organic
amendments decreased soil pH. (Siosemarde, et al., 2010),
concluded that by using a linear regression model that depends
on the soil SAR ratio to predict the soil exchange sodium ratio
(ESP) .The laboratory-estimated soil ESP values were
compared with the predicted soil ESP values using the model.
The results of the paired samples T-test indicated that the
difference between the laboratory-estimated soil ESP values
and those predicted by the model did not show significant
differences (P > 0.05). Therefore, the equation for calculating
soil ESP with SAR values can provide an easy, economical
and concise methodology for estimating ESP.
The purposes of the present work were:
1.Studying the relationship between irrigation water quality
and its effect on the efficiency of agricultural gypsum in
reducing soil alkalinity values.
2.Trying to modify the quantities of gypsum that are added to
the soil (GR) to reduce the values of ESP when using low
quality water based on the linear equations that link between
SAR and ESP.

MATERIALS AND METHODS

1- Description of the study area and the experiment
Study area:

The study area is in El-Salam Canal Project, south of
Port Said Governorate - Egypt. As shown in figure (No 1)
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Fig. 1. General map of study area
Samples were collected from study area and air dried,
crushed and sieved through a 2-mm Sieve and prepared to
analyze its chemical and physical properties (Table 1).
Table 1. Some Physical and chemical properties of

studied soil.
Property Value
Sand 19.3
Particle size distribution, % Silt 226
clay 58.1
Textural class clay
Soil moisture EE ggg
characteristics [%0] WP 169
) . Bulk density [g.cm?] 153
Density, porosity and Total porosity [%] 4226

hydraulic conductivity Hydraulic conductivity cmh?  1.12

OM (g kg?) 72

pH (Soil suspension) 1:2.5 8.36

EC (dSm', at 25 °C) [Soil paste extract] 4.27

Ca*™ 8.94

Cations Mg*™ 9.25

Na* 22.86

Soluble ions K* 167
(mmolc L) COs™

Anions HCOs 10.35

CL 16.46

SO4~ 15.91

Na* 11.70

Exchangeable cations Ca** 10.39

(cmol kg Mg** 12.69

K* 441

CEC (cmolc kgh) 39.19

ESP % 29.85

Experiment description:

Five groups of 15 soil columns cylindrical polyvinyl
chloride (PVC) tubes with a height of 45 cm and 15 cm inner
diameter as shown in figure 2, it were used as the following
treatments Table 2. Each column contained 3.5 kg soil, mixed
well with gypsum requirement GR at a rate of 10.3 ton fed™
which were calculated to decrees the initial ESP from 29.8 to
>15% in soil samples according to (FAO and IIASA, 2000).
Water content was maintained at field capacity. Drained
water samples were periodically taken by a suction pump
every 30 days until the end of the period 150 days in order to
study the state of dissolved salts and to estimate SAR, so that
we can track and calculate the exchangeable sodium
percentage ESP and to know the extent of the efficiency of
agricultural gypsum as an amendment and its extent to be
affected by irrigation water quality.
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Table 2. Details of defiant treatments
Treatment no Irrigation water quality type (SAR) mmol ¢ L

T1 Control(distilled water)
T2 S1 SAR<10
T3 S2 SAR>10
T4 S3 SAR>18
5 S4 SAR>26

Fig. 2. Experiment columns

2- Soil analysis:

Soil samples were analyzed before and after carrying
out the experiment, then some physical and chemical properties
were undertaken according to the standard methods of (Page et.
al.,, 1982), (Klute, 1986) and (Six et al., 2002). At the end of the
experiment after the period of 150 days, soil samples were
collected from each treatment and the dissolved ions were
estimated. The exchanged ions were also estimated to calculate
the exchangeable sodium percentage to compare the results to
find out the extent to which the efficiency of agricultural
gypsum is affected by the quality of the irrigation water.

- The sodium adsorption ratio (SAR) was estimated as an
indicator of possible soil sodification using the Equation of
USDA (1954):- SAR = Na* A/ [(Ca*2 + Mg*2 /2]

Where:

Na* = Sodium concentration in the irrigation water in meg/I.

Ca'*? = Calcium concentration in the irrigation water in meg/l.
Mg*2= Magnesium concentration in the irrigation water in megy/l.

- Gypsum requirements were determined according to the
methods described by U.S., salinity laboratory staff (FAO
and I1ASA, 2000) from the equation

GR= (ESPi— ESPF)/100 x CEC x 1.72
Where: GR: gypsum requirement (ton.fed™), ESP;: initial soil ESP,
ESP: the required soil ESP and CEC: cation exchange
capacity (cmolc kg?).
3- Statistical Analysis:

The obtained data were subjected to a statistical
analysis using the XLSTAT statistical package (Version
2018, Excel Add-ins soft SARL, New York, NY, USA).
Analysis of variance was conducted as outlined by Steel and
Torrie (1980). Duncan’s Multiple Range Test was used to do
mean comparisons Duncan, B. (1955).

RESULTS AND DISCUSSION

Data in table 3 show the values obtained of EC and pH
in the solutions collected by suction pump at regular intervals
during the experiment periods (after 30, 60, 90, 120 until 150
day srespectively) inorder to tracking the condition of the soil
after adding agricultural gypsum and the irrigation with water
of varying qualities. By following up the results obtained, it
becomes clear that in the control treatment, as the water is free
of salts, this did not affect the efficiency of agricultural gypsum.
The EC values were recorded after 30 days in control treatment
(2.56 dSm™) as a result of the dissolution of the salts in the soil,
including agricultural gypsum. The decrease in EC values for
this treatment continued until the end of the total experiment
period till reaching (1.65 dSm™). By comparing the control
treatment with other treatments (different SAR degrees), it
becomes clear that the higher degree of (SAR) followed by
increasing in EC values in the drained water. It also increases in
one treatment over time as a result of the accumulation of salts
especially in treatments number 4 and 5 when the SAR values
were higher than 18 and higher than 26, respectively. Also by
following up the pH values during the experiment period for the
different treatments, it was found that in the control and the
treatments with SAR values less than 18, the values of pH
decreased with time as a result of the interaction of agricultural
gypsum, Sodium solubility and washing from the profile.

While in the treatments with SAR values higher than
18 (treatments 4 and 5), the pH values increased with time as
a result of low agricultural gypsum efficiency affected by the
high sodium concentrations in the irrigation water.

Table 3. EC and pH values in suctioned extract at regular times during the experiment.

Treatments After 30 day after 60 day After90day After120day After150day
EC dSm? pH EC dS.m? pH EC dS.m! pH ECdSm! pH ECdS.m?! pH
1 2.56" 7.94¢ 2.32hi 7.69° 1.930 7.667 1.90f 7647 1651 7657
2 4419 8.120f 4.329 8.13%f 4.29¢ 8.06°f 4319 7.9¢ 4469 7.7¢
3 4899  8.32%cdk 4.429 8.32abcde 4.629 8.190cdf 4459 g 24 bodef 4799 8.18 coef
4 6.87¢ 8.71%¢ 5.94f 8.77%¢ 6.43° 8.69% 6.87¢ 875« 7621 8.82%
5 8.23¢ 8.74%¢ 8.920 8.77%¢ 9.23% 8.78%¢ 8.79° 8912 9.582 8.892

Within each column, means with the same letter are not significantly different (p <0.05)
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Fig. 3. Soil EC and pH values during experiment periods
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From the previous results, it is clear that the increasing
of irrigation water content of dissolved salts, especially
sodium, led to a decrease in the efficiency of agricultural

gypsum as a result of the accumulation of sodium and the
inability of agricultural gypsum to displacement the
exchangeable sodium from the soil profile.

Table 4. Exchangeable cation, ESP % and CEC in the treated soils after 150 days.

Exchangeable cations (Cmolc kgt ESP CEC
Treatments NG K Cat M % (Cmolc kg?)
1 4.26°¢ 2832 19.742 13.01° 10.69¢ 39.852
2 6.03¢ 2520 16.93° 14.342 15.15¢ 39.822
3 6.62°¢ 245¢ 1757° 13.19° 16.62°¢ 39.832
4 8.42°b 277 16.85° 11.64°¢ 21.22° 390.68°
5 15.272 1.79¢ 12.24¢ 10.36¢ 3850 39.66°
Sig. 0.000 0.000 0.000 0.000 0.000 0.000
LSD(5%) 0.338 0.288 0.898 0.714 0.848 0.030
CV% 2.29 6.40 2.96 3.14 2.28 4.16

Within each column, means with the same letter are not significantly different (p < 0.05)

ESP% in treated soils after 150 day

40 +
30 -
20 -

T2SARL T3 SAR2 T4 SAR3  T5 SAR4
treatments

Fig. 4. SEP% for treated soil after 150 day

Data in Table4 and Fig 4 show the effect of soil treated
with agricultural gypsum and irrigated with different water
quality grades on the concentration of exchangeable cations
and exchangeable sodium percentage ESP after 150 days. It
is clear that the increase in the exchanged sodium was shown
in the treatments with high values of SAR compared to the
control treatment with distilled water (free of salts) where the
exchanged sodium values were recorded as (4.26-6.01-6.63-
8.42 and 15.27) Cmol, kg* at SAR values (0-6-14-22-30)
respectively, this in turn affects exchangeable sodium
percentage (ESP) and it tends to raise the soil alkalinity in
varying proportions. According to (Choudhary et al. 2011)
and (Mohamed 2017). Deterioration of the chemical
properties of the soil and the rise in the percent of (ESP) this
is due to the use of low-quality water, especially in the long
term. (Inthe case of this research, the accumulation of sodium
in the soil column led to a decrease of agricultural gypsum

ESP %

T1 control

efficiency in variable proportions according to the
concentration of sodium in the irrigation water).

50 1 ESP %

40 - y =1.0148x + 6.0165

R?=0.831

30 A

20 A

10 /

0 T T T T T "
0 5 10 15 20 25 30
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Fig. 5. Linear relationship between ESP and SAR
By studying the relationship between the SAR values
in the water sample drained from the soil columns and the
ESP measured in the laboratory after the end of the

experiment period, it was found that, as shown in Figure (5),
and according to (Zare et al. 2014) there is a good correlation
between them and the correlation coefficient R? = 0.831 and
the liner equation was as follows:

ESP=1.0148 SAR+6.0165

This means that the higher the concentration of
sodium (SAR) in the suctioned water from the soil columns,
the higher the (ESP) values. This also means that the
agricultural gypsum efficiency at the end of the period was
not sufficient to reduce (ESP) to the required value
(15%).This requires making a relationship between the
sodium content of irrigation water (SAR) and the amount of
gypsum requirement (GR)

CONCLUSION

The results showed an increase in the values of pH,
EC in treatments that contain high concentration of sodium
used in irrigation water, which led to a decrease in the
efficiency of agricultural gypsum through the soil column of
experiment compared to the control, also results showed a
liner relationship between SAR and ESP and it was found that
the higher values of SAR be followed by an increase in ESP
and the following liner equation was obtained:- ESP =
1.0148SAR + 6.0165 where R2 = 0.831 .it was also found
that , by increasing in SAR values in irrigation water , the
efficiency of agricultural gypsum decrease.

Therefore, this research recommends adjusting the
amounts of agricultural gypsum added to the soil which
irrigate with water have a high content of sodium in order not
to lead to an accumulation of sodium in the root zone,
according to the deduced liner equation.
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