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ABSTRACT

A laboratory experiment was conducted to evaluate the efficiency of (FYM) and gypsum in the
reclamation of a saline sodic soil using leaching columns. Soil samples were collected from South Port Said
Regional Research Station, Port Said Governorate, and Egypt at summer season 2019. Gypsum, (FYM)
applied in 3 sizes, in 2 methods, soaking or mixing. The leachate samples were collected at the bottom of soil
columns. The samples were analyzed for EC, pH, Na, ESP, T.P and H.C. The results of leaching increased in
EC and Na compared with control. The all treatments revealed more pronounced decreased in pH compared
to the control. Data showed that applications of soil amendments decreased soil pH and EC an ESP but there
is an increase in the values of soil T.P and H.C. A field experiment was conducted in winter seasons
2019/2020 at the same soil. Results indicated that the highest values of H.C, T.P, by applying (FYM) at soft
size with gypsum treatment compared to control and other treatments, on the other hand this treatment
induced the lowest values of soil pH, EC and ESP. it can be concluded that combination of (FYM) + gypsum
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proved to be the best soil amendment for reducing soil EC, pH, ESP and improving T.P, H.C and A.W.
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INTRODUCTION

Salinity is the main reason that hinders plant
growth and producing an economical crop, which limits
the use of much of the world's agricultural land by Yang et
al., (2011). Soil salinity is a big problem; especially in arid
and semi- arid, Characteristic Saline soil is by the
presence of harmful substances of sodium and its chloride
and sulphate by Rajaravindran and Natarajan, (2012). Salt
causes reverse osmosis by limiting the absorption of soil
water, as a result of concentrations of salts inside plant
cells. We need low- cost and effective remediation
strategies to reduce salt damage and improve soil
properties, such as organic amendments to be applied by
Shaaban et al., (2013). The physical and chemical
properties in the soil affected by salts are improving
through the use of organic a material, which leads to
enhancing plant growth through, accelerating the
exchange of harmful salts in the soil and removing salts in
root zone by Clark et al., (2007). The decomposing
organic matter increases the concentrate of carbon dioxide
in soil, which releases H* which promotes the dissolution
of calcium carbonate (CaCO3) as the result of the

lowering of the soil's acidity and releases more calcium
for the exchange of sodium by Ghaffor et al., (2008).
Therefore, adding (FYM) to soil remediation is
important for maintaining soil fertility and crop
productivity by Wong et al., (2009) and Cha-um and
Kirdmanee, (2011). To improve saline soils a large
proportion of exchangeable sodium with calcium ions
must be removed. This reaction can be achieved quickly
using chemical modifications of the soil, such as calcium
chloride or calcium sulfate (gypsum), followed by
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filtration to remove salts after the salts react with the
modifications in an acidic environment. However, adding
artificial acids to the soil is an expensive alternative for
farmers. Hence, alternative and readily available acidic
substances, such as manure can also help dissolve calcium
compounds in the soil. However, Gypsum (CaSO42H20)
is the most common maodification of soda soil reclamation
and reduction of soil sodium has been indicated
Mahmoodabadi et al., (2013). Gypsum is also a source of
sulfur and calcium for plants it is moderately soluble in
water and affordable for farmers in developing countries
and this was mentioned Yildiz et al., (2017). Organic
matter is a popular amendment of organic acids that has
been shown to improve the physical properties of soil and
increase dissolved calcium, both properties are required
for black and saline soil reclamation by Choudhary et al.,
(2017). Prapagar et al., (2012) observed that adding
gypsum with organic residues, cow manure and rice husk
reduced the pH values of saline and soda soil compared to
treating gypsum only, and this change is mainly due to the
acids formed during the decomposition of the organic
matter. The combination of gypsum and compost
accelerated the recovery soil compared to either 5.2g of
gypsum or 50g of organic matter per kg of soil alone
reported by Mahmudabadi et al., (2013). In northwestern
India the combined use of organic and inorganic fertilizers
increased the concentrations of nutrients available to
plants by Manna et al., (2007). Cattle manure (20-40 Ton
ha?) of soil organic matter, nitrogen (N) and phosphorous
(P) and soil permeability increased it arrived Gupta et al.,
(2016) and Wang et al., (2017). The advantages of
combining gypsum and organic materials have been
documented around the world they include stimulating
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soil microbiological activity in Chile it arrived Celis et al.,
(2013), enhancing infiltration rate in arid soils in Iran by
Mazahiri and Mahmoud Abadi, (2012) and reducing soil
electrical conductivity (EC) and exchangeable sodium
ratio (ESP).

MATERIALS AND METHODS

Materials:

The FYM is a sensitive fraction Due to its high
mobility; the movement is significant to the cycling and
distribution of nutrients, such as N and P, in ecosystems.
Soluble organic acids that comprise, especially carboxylic
and phenolic, which participate in many chemical reactions
in the soil, such as organic metal complication, increasing
the ion adsorption rate. These acids make exchangeable,
making it nontoxic to plants. Therefore, in tropical soils,
these organic acids can compete with other ions, such as
phosphate ions, for adsorption sites, increasing P
availability to plants. The organic acids can also form
stable organometallic complexes with Fe and Al in a wide

pH range. In addition, greater soil structural quality (e.g.,
higher aggregate stability, soil porosity, and water
retention) is positively associated to movement in the soil
profile, since its movement and sorption are related to the
water fluxes.

Two experiments were conducted the first is the
columns experiment during summer season 2019 and the
second experiment was carried out in the Research Farm of
Port Saied Agricultural Research Station, Port Saied
Governorate, North East Dealta, Egypt, at winter season
(2019 - 2020). Concerning the columns experiment, the
treatments were completely decomposed organic matter
(FYM). Fully decomposed organic matter was separated
into three volumes (the original volume (Coarse), smaller
than 2 to 1 mm (medium), less than 1 mm micron (soft)).
The rate of addition was 30 m 2 per fed, and the addition
was adjusted according to the density of each volume
single results of analysis are recorded in Fig and Table (A,
B and C).
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Fig and Table A. Coarse volume. Diffuse reflectance Fourier transforms infrared (FT-IR) spectra, some physical*
and chemical*characteristics of the investigated original volume organic matter(FYM).
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Fig and Table B. Medium volume. Diffuse reflectance Fourier transforms infrared (FT-IR) spectra, some physical*
and chemical* characteristics of the investigated original volume organic matter (FYM).
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Fig and Table C. Soft volume. Diffuse reflectance Fourier transforms infrared (FT-IR) spectra, some physical* and
chemical* characteristics of the investigated original volume organic matter (FYM).

The first part was added separately without gypsum  Station, Port Said Governorate. This soil is classified as a

and was added when filling the soil column and mixed saline sodic soil according to the Global Soil Reference
with a 10 cm surface layer. The second part was soaked for  Base (FAO, 2014).
a week in the calculated gypsum needs solution and the We collected soil from the field in layer ranging in
dissolved concentration of the gypsum solution was 25  depth from O to 30 cm in depth (Rupp, 2016). During the
equivalent / liter, then it was filtered, dried and mixed with  collection, we observed that the soil showed signs of salt
a layer of 10 cm when filling the soil column, then the  crusts on the surface and high concentrations of salt
soaking solution was added to it. The third part was mixed  sodium. After collection, the soil material was air dried,
with the gypsum block when filling the soil column into a  crushed and sieved to pass through a 2.0 mm sieve. Some
10 cm surface layer. As shown in Figures and the attached  physical and chemical properties of soil which were
table for analyzing each volume and components it determined according to the standard methods outlined by
contains, which are compatible with the infrared analysis  (Klute, 1986) and (Page, 1982) and results of analysis are
Soil was collected from South Port Said Regional Research  recorded in Table (1).

Table 1. Some physical and chemical characteristics of the investigated soils.
Characteristics Columns initial Soil analysis
Physical analysis

Soil depth, CaCOg3 O.M (FYM) Particle size distribution% Texture
(cm) % % Coarse sand% Fine sand% Silt% Clay% class
0-30 5.6 0.39 9.9 15.8 15.35 58.95 Clay

Bulk density Hydraulic Conductivity ~ Total porosity CEC Soil moisture content
(gcmd) (Cmh?) (%) (mq 100gY) F.C% W.P% AW%
1.46 14 30.38 32.7 37.3 17.26 19.83
Chemical analysis (meg L)
i i 1
PH (dSI,E% N HCOs+  CI sO¢  ca” Mg++ Nat K+ S,;;R EOZP Avallilble macronuI:t)rlents (mgKkg )
85 42 6.08 3993 1825 1084 1695 3049 52 258 37.16 12 3.75 44.6

Soil columns setup bottom was provided with a piece of filter paper, a piece

Two experiments were conducted the first is the  of woolen fabric and a plastic filter, all were tied tightly
Columns experiment during summer season 2019 and the  with a rubber string and collected the juices in 1L plastic
second in the Experimental Research Farm of Port Saied  soda bottles. Then, the filter columns are filled with soil
Agricultural Research Station, Port Saied Governorate, material, already mixed and uniformly moist to avoid
North East Dealta, Egypt, winter season (2019 - 2020) at  high bulk density up to a depth from 0- 30 cm. There was
was conducted at institute Soils, Water and Environment. 10 cm of headspace in each column to facilitate to give a
(SWERI) Agricultural Research Center (ARC), Giza, suitable water level. The account was done dose of
Egypt, in the filter columns, From April to December  gypsum required for soil restoration, which is sufficient
2019. Each column was manufactured using PVC pipes  to reduce the initial (ESP) of soil at (37.16), requirements
45 cm high and 11 cm in diameter (inner diameter 10  (GR). A gypsum requirement (GR) was calculated so as
cm). These columns were set on a wooden work table and  to reduce the ESP to 15 % (U.S.S.L.S, 1954). Percentage
covered underneath. To facilitate drainage, each cylinder  of purity of the used agricultural gypsum was 85 % purity
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and its addition rate was 12.46 Mg fed-1. To compare the

effectiveness of method of application of gypsum to

saline sodic soils gypsum requirements were added using
the following methods of application: GR= ESPi — ESPf

/100 (CEC*1.72). Surface application, Gypsum was

applied at the rate of half of the gypsum cycle for the

field experiment and at the rate of the entire amount to

test the columns on the surface of soil columns with a

layer (0-10) and mixed in the field experiment in a layer

(30 cm) with an amount of water. As for the organic

matter, each volume was divided into three parts, and the

added quantities were determined according to the
density of each volume.

A- The first section is added alone without any other

additives.

B- The second section, soak in the gypsum solution for a
week before adding it to the columns at a concentration
of 25 equivalents to a liter.

C- The third section was mixed with gypsum before
adding to the columns at a rate of 12 grams per /
columns.

Amount of the water volume was about 2 L. Each
treatment was replicated eight months and the soil
columns were subjected to leaching. Upon termination of
leaching, the soil columns were divided into three layers
(0—-10, 10 - 20 and 20 — 30 cm) and the soil material was

3
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air dried then, crushed, sieved through a 2.0 mm sieve
and stored in plastic bags for chemical analysis and
characteristics physical, three undisturbed soil core
samples were taken for measurements of bulk density
(BD), hydraulic conductivity (HC) and moisture pF
curve. Then a field confirmation experiment was
conducted in the same study area, Statistical data analysis
all experiments described were repeated independently
with three replications each time. A completely
randomized design was used the experimental data were
analysis software (SAS) system. The differences among
the mean of the treatments were recorded using LSDO0.05
using COSTAT (Cary, NC, USA, version 6.3.1.1, July
11, 2001).

RESULTS AND DISCUSSION

Effect of size organic matter individually and soaking
or mixing with gypsum on leachates of columns:
Leachate EC

Figure 1 shows that all treatments application
either, singly or in combination caused a pronounced
increased the leachate EC when compared with the
control treatment untreated soil. This trend may be
attributed to the movement of soluble salts and to the
favorable effect of amendments on the leach ability
through improving the physical properties of the soil.
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Figure 1. (EC dSm™) in leachates under different treatments

Also, all treatments were significantly higher
mean leachate EC’s in columns compared to the control.
Treating soil with amendments increased salt removal by
237.63, 247.26, 224.75, 131.51,154.01, 121.86, 109.00,
147.58, 170.09 and 221.54% due to T2, T3, T4, T5, T6,
T7, T8, T9, T20 and T11, respectively compared with
control. It worth to mentioned that, the application of
gypsum alone or organic matter (FYM) amendments at
coarse and medium size were caused the highest values
of leachate EC compared to the application of organic
matter combined with gypsum. On the other hand,
organic matter (FYM) mixing with gypsum recoded the
higher values of leachate EC than the organic matter
(FYM) soaking in gypsum. These results may be due to
the benefits of dissolution rates at high sodicity followed
by longer sustained release of calcium are possible, also
soils were surface crusting and infiltration problems
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shallow mixing of organic matter (FYM) with gypsum in
the surface layer is considered best For salt-affected soils,
adding organic matter (FYM) can accelerate sodium
leaching reduce electrostatic precipitation and electrical
conductivity (EC), increase water retention capacity, and
general stability Lax et al., (1994) and Vijayasatya et al.,
(2015), Tajada et al. (2006), and Mahdy, (2011).

The principle of reclamation processes can be
explained by the fact that organic addition of soil can
activate soil microbes to produce organic acids equivalent
to alkaline soils Khorandi and Nourbakhsh, (2007).
Therefore, the positive effect of (FYM) was reported by Yu
et al., (2010) by increasing the concentrations of nutrients
and organic elements while reducing salinity and sodium.
The physical structure of the soil is also improved and
more effective salt filtration is obtained with the addition of
organic soil Meng et al., (2016) reported on the positive
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effect of (FYM) on soils who determined that applying
(FYM) together with deep tillage was more effective in
management.
Leachate pH

Figure 2 show that the leachates' pH decreased in
all treatments compared with control and initial. Value,
where the significant differences (at 0.05). The lowest pH
of leachates was observed in T6 applied gypsum alone
follow the T2. On the contrary the highest values were
obtained in T7. Moreover, results revealed that gypsum

G
8

exhibited a relatively greater effect on reducing soil pH.
The decrease in soil pH due to gypsum application was
probably due to, mainly the replacement of sodium by
calcium and the formation of neutral salts with SO4~.
Besides, large quantities of CO,, which evolved during
leaching, process the decomposition of the organic matter
such as compost by activity of microorganisms resulting
increase of organic and inorganic acids pH. Similar
observations were also reported by (Abdel-Fattah 2012).
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Figure 2. pH in leachates under different treatments

The concentration of Na* leachates:

The concentration of Na* leachate was higher and
statistically significant in the organic matter at different
particles and gypsum amended individually or combination
addition in soils compared with the control. Regardless in
figure 3 showed that the effect of the organic matter (FYM)
application at different size, individually or combined with
gypsum at different methods (soaking or mixing) the results
indicate that both organic matter (FYM) at coarse size and
gypsum alone gave the highest values of Na* leachates
compared with other treatments. It seems that the presence
of calcium as a competing ion in the leaching water may
repel sodium in soil exchange complex, resulting to the
highest concentration of sodium in the leachate solution.
Conversely, the minimum Na* leachates were observed by
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control treatment. Also, mixing organic matter with gypsum
recorded the higher Na* leachates than organic matter
soaking in gypsum. These results suggest that application of
organic amendments can facilitate efficient replacement of
Na* on the exchange sites by adding significant amounts of
divalent cations and may further prevent the entry of
Na*onto the exchange phases. Jalali and Ranjbar (2009) who
found that application of manure caused to an increase in
leaching of sodium. Addition of organic matters and
gypsum, the leachate Na* increased. This increase in the
Na* might be attributed to the increased gypsum dissolution
in presence of organic matter which led to higher salinity
(Najme and Majid 2013).
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Figure 3. Concentration of Na* in leachates under different treatments
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The effect of reclamation materials added from the
organic matter in their different sizes, with or without
gypsum, on the properties in three depths of the
columns experiment.

Soil salinity:

The residual total soluble salts in soil in the three
depths significantly affected electrical conductivity (EC
dSm-1) in the end of the column experiment are shown in
Table (2). Leaching was effective in decreasing soil
salinity since the EC values ranged between 9.4 to 5.0
dsm-1 at end the 8 of leaching of soil in comparison with
initial soil (42.0 dSm-1). It is clear that the minimum EC
values were recorded with application of T11 followed by
T5. The EC values were 37.0 for untreated soil, 9.94,
11.21, 6.03, 5.98, 9.51, 8.37, 6.41, 7.47, 6.34 and 5.28
dsm-1 for T2, T3, T4, T5, T6, T7, T8, T9 and T10,
respectively,

Table 2. Effect of different treatments and soil depth
on EC (dSm?)

Soil depth (cm)

Treatments 0-10 10-20 20-30 Mean
T1- Control 370 375 387 3773
T2- Gypsum 94 992 101 994
T3- Coarse OM 108 1133 115 1121
T4-Medium OM 525 596 69 7.03
T5- Soft OM 50 654 64 598
T6- Coarse.OM + Soaking Gypsum 8.95 9.78 98 951
T7-MediumOM +SoakingGypsum 7.5 881 88  8.37
T8- Soft OM + Soaking Gypsum 6.81 6.14 63 641
T9- Coarse.OM + mixing Gypsum 73 75 76 746
T10- Medium.OM +mixing Gypsum  6.45 647 61  6.34
T11- Soft OM + mixing Gypsum 51 636 6.0 582
L.S.D. at 0.05 275 264 256
Efficiency of the treatments was,

T11>T5>T4>T10>T8>T9>T7>T6>T2>T3, respectively.
These results may be due to in saline or sodic soils, the
addition of organic matter (FYM) can accelerate the
leaching of Na+, decrease the ESP and electrical
conductivity, and increase water infiltration, water-
holding capacity, and aggregate stability.
Soil reaction

The soil-pH at end of the columns experiment are
shown in Table (3) the data showed that different
treatments significantly affected on soil-pH. The
minimum pH values were recorded with application of
T6 followed by T9. The initial soil-pH (having 8.5) was
reduced to 8.80 for untreated soil,7.80, 7.76, 7.86,
7.93,7.48, 7.71, 7.70, 7.65, 7.86, and 7.91 for T2, T3, T4,
T5, T6, T7, T8, T9, T10 and T11, respectively. The
reduced in soil pH due to gypsum application was
probably due to combination of more than one factor,
mainly the replacement of sodium by calcium and the
formation of neutral salts with SO4=. This decreasing
may be due to removal of exchangeable sodium from the
soil column. Moreover, gypsum solubility is also
enhanced because of the increased activity coefficient of
calcium and sulfate as a result of increased ionic strength
of solution and the formation of the sodium sulfate ion
pair. Likewise, large quantities of CO2 must have been
evolved during leaching process, some of which would
become soluble in soil solution giving carbonic acids.

Concerning organic matter (FYM), the decreases
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in soil-pH in soil this illustrates the indirect effect of
decreased sodium and the direct effect of organic acids,
which must have been formed during decomposition of
compost. Yield (Smith et al., 1996). Additional acidifiers
may be required for optimal growth. The main advantage
of gypsum and cow manure is that gypsum supplies Ca2+
to substitute the adsorbed Na+ while manure increases
the content of CaCO2 in the soil, also releasing more
Ca2+ for the substitution of Na+ (Mohamed, 2014). Our
results are similar to those of (Tiwari and Jain, 1992) and
(Izhar-ul-Haq et al., 2007). These studies found that the
best results came from the combined use of gypsum and
manure to reduce soil pH. Wong et al (2009) determined
that addition of organic materials (FYM) increased soil
microbial biomass while added gypsum decreases pH.

Table 3. Effect of different treatments and soil depth on

soil pH
Soil depth (cm)

Treatments 0-10 10-20 20-30 Mean
T1- Control 81 83 85 83
T2- Gypsum 78 78 775 78
T3- Coarse OM 79 785 755 7.76
T4-Medium OM 79 78 785 7.86
T5- Soft OM 79 79 795 793
T6- Coarse.OM + Soaking Gypsum 7.35 75 7.6 748
T7- Medium.OM + Soaking Gypsum 75 775 79 7171
T8- Soft OM + Soaking Gypsum 745 7.75 79 7.70
T9- Coarse.OM + mixing Gypsum 7.7 7.75 75 7.65
T10- MediumOM +mixingGypsum 785 785 7.9 7.86
T11- Soft OM + mixing Gypsum 7.85 795 7.95 791
L.S.D.at0.05 0.101 0.135 0.258

Exchangeable sodium percentages (ESP%b):

Exchangeable sodium percentages of different
treatments are shown in Table (4) indicated that all
treatments were effective in reducing the soil ESP to <15
after eight leaching in columns experiment. ESP reductions
were significantly in soils amended with organic
amendments (FYM) at different sizes, gypsum invidually
and when the conjunction organic (FYM) and gypsum than
in the control soils table 4. It is clear that conjunctive
applications of organic amendment (FYM) in different size
soaking and mixing with gypsum were highly effective in
decreasing soil ESP compared to their individual. Also, data
showed that applied organic amendment (FYM) with
gypsum soaking or mixing not different.

Table 4. Effect of different treatments and soil depth
on soil exchangeable sodium percentages

(ESP %)
Soil depth (cm)

Treatments 0-10 10-20  20-30 Mean
T1- Control 350 340 360 350
T2- Gypsum 133 150 159 1473
T3- Coarse OM 181 184 188 1843
T4-Medium OM 168 139 147 1358
T5- Soft OM 147 150 145 1473
T6-Coarse OM + SoakingGypsum 144 151 162 15.23
T7-MediumOM +Soaking Gypsum 14.1 145 153 14.63
T8- Soft OM + Soaking Gypsum 13.6 136 138 13.56
T9- Coarse.OM + mixing Gypsum 145 160 168 15.76
T10- Medium.OM + mixing Gypsum  14.8 154 150 15.06
T11- Soft OM + mixing Gypsum 14.2 144 145 14.36
L.S.D. at 0.05 187 185 209
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Higher ESP reductions seen in soils that received
both gypsum and organic matter (FYM) may be
attributed to the release of Ca2+ from the organic
amendments supplementary Ca2+ provided by gypsum,
and Ca2+contributions from the dissolution of native
calcite by compost addition, which likely enhanced the
Na+ - Ca2+ exchange rate between the soil solution and
exchange phases. This increase in soil exchangeable
Ca2+ levels by organic amendments (FYM) likely
increased the displacement of Na+ from exchange sites
and enhanced its leaching from the soil profile, thus
helping the soils to be remediated at a much faster rate.
Other similar studies also indicated that use of gypsum
integrated with organic material (FYM) like water
hyacinth compost and rice straw compost reduced ESP of
saline-sodic soils as compared their sole application
(Abay and Kasahun, 2019). Abou El-Defan et al. (2005)
studied the effect of farmyard manure, gypsum and mix
of them on some characteristics of soil irrigated with
drainage water. They found that ESP values significantly
decreased with different treatments, especially with
application of farmyard manure mixed with gypsum.
Total soil porosity (%6):

Data in Table 5 revealed that total porosity was
significantly affected by the different treatments.
However, the values of soil total porosity increased due
to all tested treatments, gypsum in the absence or
presence of organic matter in different sizes compared
with initial value (39.24 %). With regard to the effect of
method of organic matter (FYM) application with
gypsum in soaking or mixing application to the saline
sodic soil, Table 5 shows that values of the total porosity
were higher in soils treated with organic matter in
different sizes soaking in gypsum than in gypsum mixing
ones. Therefore, the highest value of soil total porosity
(45.85%) was registered with T8 - Soft OM + soaking in

gypsum.

Table 5. Effect of different treatments and soil depth on
soil total soil porosity (%)
Soil depth (cm)

Treatments 0-10 10.20 20-30 Mean
T1- Control 39.00 39.10 38.14 38.74
T2- Gypsum 44.7 4245 41.85 43.00
T3- Coarse OM 4095 41.10 39.3 4045
T4-Medium OM 41.85 43.80 43.80 43.15
T5- Soft OM 40.8 40.65 40.04 40.49
T6- Coarse.OM + Soaking Gypsum 41.85 45.00 44.20 42.29
T7- Medium.OM + Soaking Gypsum  43.50 42.45 44.70 43.55
T8- Soft OM + Soaking Gypsum 46.05 44.85 44.40 45.10
T9- Coarse.OM + mixing Gypsum 43.95 43.80 43.80 43.85
T10- Medium.OM + mixing Gypsum 39.75 4530 40.0 4250
T11- Soft OM + mixing Gypsum 42.9 40.05 42.45 41.80
L.S.D.at0.05 176 165 146

On the other hand, the lowest value was (35.0 %)
was observed by untreated soil. These results may be
attributed to calcium accumulations on the exchange sites
due to combination organic matter with gypsum have
improved soil aggregation thus reduced the bulk density,
as well as increased soil porosity. Hussain, et al., 2001.,
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found that physical properties like bulk density, porosity,
void ratio, water permeability and hydraulic conductivity
were significantly improved when FYM (10 t ha-1) was
applied in combination with chemical amendments
resulting enhance in sodic soil. (Larney and Angers,
2012) who reported that combinations of organic
amendments resulted in substantial flocculation and in the
formation of a large number of soil aggregates.
Improvements in soil structure, decreases in bulk density
and increases in soil porosity.

Soil hydraulic conductivity H.C. (cm h):

Data in Table 6 show that the values of hydraulic
conductivity were increased by adding different
treatments compared to the control. Data indicated that
the values of hydraulic conductivity were higher when
organic matter (FYM) combined with gypsum than the
application gypsum alone. The highest values of
hydraulic conductivity were observed by applying Soft
OM + soaking with gypsum treatment compared to other
treatments and control. These results may be due to
Improvements in soil aggregate stability as well as
saturated hydraulic conductivity was more enhanced were
organic matter combined with gypsum. Similar results
were obtained by Esmaeil (2018) who found that the
highest values of hydraulic conductivity and total
porosity were observed by applying gypsum + organic
matter + sulfur treatment in compared to control and
other treatments. Vijayasatya, et al. (2015) revealed that
combined applications of organic amendment and
gypsum produced a significant effect on soil hydraulic
conductivity.

Table 6. Effect of different treatments and soil depth on
soil H.C (cm h'1)

Soil depth (cm)

Treatments 0-10 10-20 20-30 Mean
T1- Control 11 12 11 115
T2- Gypsum 13 14 13 135
T3- Coarse OM 15 15 14 145
T4-Medium OM 15 15 15 15
T5- Soft OM 15 15 15 15
T6- Coarse.OM + Soaking Gypsum 15 1.6 15 155
T7- Medium.OM + Soaking Gypsum 1.6 15 16 155
T8- Soft OM + Soaking Gypsum 16 1.6 16 16
T9- Coarse.OM + mixing Gypsum 15 15 15 15
T10- Medium.OM + mixing Gypsum 14 15 15 145
T11- Soft OM + mixing Gypsum 15 14 15 145

L.S.D. at0.05 0.082 0.086 0.066

Physical and chemical soil
experiment:

Data in Table 7 indicated that application of
organic matter mixing with gypsum led to decrease in soil
pH, EC and ESP, however the total porosity, hydraulic
conductivity and available water were increasing. The
highest values of hydraulic conductivity, total porosity
and available water were found by applying organic
matter (FYM) at soft size with gypsum treatment
compared to control and other treatments, while in the
same time this treatment induced the lowest values of soil
pH, EC and ESP.

properties of field



El-Shazly , M. A.

Table 7. Effect of organic matter at different sizes, and gypsum, the chemical and physica properties of soil.

Chemical properties

Physical properties

Treatments pH EC(dSm-1) ESP% T.P (%) HC(Cmh-1) AW (%)
Control 85 394 257 3043 1.12 2194
Gypsum 7.9 175 159 36.81 1.56 23.86
Coarse.OM +soaking Gypsum 7.9 135 12.8 38.32 1.67 25.80
Medium.OM + soaking Gypsum 7.7 117 12.6 41.09 1.74 26.14
Soft OM + soaking Gypsum 7.3 10.8 9.30 43.45 1.78 29.2
LSD 0.05 0.25 4.24 6.87 1.32 0.32 9.26

CONCLUSION

Generally, it can be concluded that organic matter
(FYM) and gypsum application led to improve saline-sodic
soil chemical and physical properties and accelerated the
reclamation process of salt affected soils. An effective
reclamation procedure for saline sodic soils is removal of
undesirable Na*® by addition of some Ca2* source
paralleled with leaching of this Na*. However, the
combination of compost + gypsum proved to be the best
soil amendment for reducing soil EC, pH, ESP and
improving porosity, hydraulic conductivity and available
water.

REFERENCES

Celis, J.E., Sandoval, M., Martinez, B and Quezada, C.
(2013). Effect of organic and mineral amendments
upon soil respiration and microbial biomass in a
saline-sodic soil. Cienc. Investig. Agrar. 40, 571—
580.

Cha-um, S and Chalermpol, K. (2011). Remediation of
salt- affected soil by the addition of organic matter:
an investigation into improving glutinous rice
productivity. Scientia Agricola 68.4, 406-410.

Choudhary, O.P. (2017). Use of Amendments in
Ameliorating Soil and Water Sodicity. In
Bioremediation of ~ Salt Affected Soils: An Indian
Perspective; Arora, S., Singh, AK.Singh, Y.P.,
Eds.; Springer International  Publishing: ~ Cham,
Switzerland, pp.195-210, ISBN 978-3-319-48257-6.

Clark, G. J., Dodgshun, N., Sale, P. W. G and Tang. C.
(2007). Changes in chemical and biological

properties of a sodic clay subsoil with addition of
organic amendments.  Soil  Biology and
Biochemistry 39:  2806-2817.

FAO. World Reference Base for Soil Resources. (2014).
International Soil Classification System for Naming
Soils and Creating Legends for Soil Maps;
FAO:Rome, Italy, 2014; ISBN 978-92-5-108369-7.

Ghaffor, A., Murtaza, G., Ahmad, B and Boers, T. H. M.
(2008). Evaluation of amelioration treatments and
economicaspects of using saline-sodic water for
rice and wheat production on salt-affected soils
under arid land conditions. Irrigation and Drainage,
57: 424-434.

Gupta, M., Srivastava, P. K., Niranjan, A and Tewari, S. K.
(2016). Use of a Bioaugmented Organic Soil
Amendment in Combination with Gypsum for
Withania somnifera Growth on Sodic Soil.
Pedosphere 26, 299-309.

58

Izhar-ul-Hag., Muhammad, B and Igbal, F. (2007). Effect
of gypsum and farmyard manure on soil properties
and wheat crop irrigated with brackish water. Soil
Environ.(Pak.), 26, 164-171.

Khorsandi, N and Nourbakhsh, F. (2007). Effect of
amendment of manure and corn residues on soil N
mineralization and enzyme activity. Agronomy for
sustainable development, 27(2), 139-143

Klute, A. E. d. (1986). ((Method of Soil Analysis)). Part I.
2nd Ed. Agron. Monogr.9. ASA, Madison, WI.

Lax, A., Diaz, E., Castillo, V and Albaladejo, J. (1994).
Reclamation of physical and chemical properties of
a salinized soil by organic amendment. Arid Land
Research and Management, 8(1), 9-17.

Mahdy, A. M. (2011). Comparative effects of different soil
amendments on amelioration of Saline-sodic soils.
Soil & Water Research, 6(4), 205-216.

Mahmoodabadi, M., Yazdanpanah, N., Sinobas, L.R.,
Pazira, E and Neshat, A. (2013). Reclamation of
calcareous saline sodic soil with different
amendments (1): Redistribution of soluble cations
within the soil profile. Agric. Water Manag. 120, 30—
38.

Manna, M. C., Swarup, A., Wanjari, R. H., Mishra, B and
Shahi, D. K. (2007). Long-term fertilization,
manure and liming effects on soil organic matter
and crop yields. Soil Tillage Res. 94, 397-409

Mazahiri, M. R and Mahmoodabadi, M. (2012). Study on
infiltration rate based on primary particle size
distribution data in arid and semiarid region soils.
Arab. J. Geosci. 5, 1039-1046.

Meng, Q. F., Li, D. W., Zhang, J., Zhou, L. R., Wang, H. Y
and Wang G. C. (2016). Soil properties and corn
(Zea mays L.) production under manure application
combined with deep tillage management in
solonetzic soils of Songnen Plain, Northeast China.
Journal of Integrative Agriculture, 15(4), 879-890.

Page, A. L., Miller, R. H., and Keeney, D. R. (1982).
Method of Soil Analysis. Part 1. 2@ Ed. Agron.
Monogr.9 Madison, Wisconson, U. S. A.

Prapagar, K., Indraratne, S and Premanandharajah, P.
(2012). Effect of Soil Amendments on Reclamation
of Saline-Sodic Soil. Trop. Agric. Res. 23, 168-176.

Rajaravindran, M and Natarajan, S. (2012). Effects of salinity
stress on growth and antioxidant enzymes of the
halophyte Sesuvium portulacastrum. International
Journal Research Plant Science, 2: 23-28.

Rupp, J. H. (2016). Diagnosis of Soil Fertility under Silage
of Corn; Universidade Tecnoldgica Federal do
Parang, Pato Branco: Paran, Brazil.



J. of Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 12 (2), February, 2021

Shaaban, M., Abid, M and Abou-Shanab, R. A. I. (2013). Wang, X., Ren, Y., Zhang, S., Chen, Y and Wang, N.

Amelioration of salt affected soils in rice paddy (2017). Applications of organic manure increased
system by application of organic and inorganic maize (Zeamays L. yield and  water
amendments. Plant Soil and Environment, 59: 227- productivity in a semi-arid region. Agric. Water
233. Manag. 187, 88-98.
Smith, J. L and Doran, J. W. (1996). Measurement and Use ~ Wong, V. N., Dalal, R. C and Greene, R. S. (2009). Carbon
of pH and Electrical Conductivity for Soil Quality dynamics of sodic and saline soils following
Analysis. In SSSA Special Publication; Doran, gypsum and organic material additions: laboratory
JW.,, Jones, AJ., Eds.; Soil Science Society of incubation. Applied Soil Ecology, 41(1), 29-40.
America: Madison, WI, USA, ISBN 978-0- Yang, G., Zhou, R., Tang, T., Chen, X., Ouyang, J., He,
89118- 944-2. L., Li,w., Chen, S., Guo, M., Li, X., Zhong, C and
Tejada, M., Garcia, C., Gonzalez, J. L and Hernandez, M. Shi, S. (2011). Gene Expression Profiles in
T. (2006). Use of organic amendment as a strategy Response to Salt Stress in Hibiscus Tiliaceus.
for saline soil remediation: influence on the MolecularBiology Reporter, 29: 609-617
physical, chemical and biological properties of soil.  Yildiz, O., Altundag, E., Cetin, B., Guner, S., Sarginci, M
Soil Biology and Biochemistry, 38(6), 1413-1421. and Toprak, B. (2017). Afforestation restoration of
Tiwari, S and Jain, B. (1992). Relative efficiency of saline- sodic soil in the Central Anatolian Region of
gypsum, farmyard manure and pyrites under Turkey using gypsum and sulfur. Silva Fenn. 51,
percolation conditions in reclamation of alkali soil. 1579.
Ann. Agric. Res. 17, 44-49. Yu, J., Wang, Z., Meixner, F. X., Yang, F., Wu, H and Chen,
U. S. SALINITY LABORATORY STAFF. (1954). X. (2010). Biogeochemical characterizations and
Diagnosis and improvement of saline and alkali reclamation strategies of saline sodic soil in
soils. H, Book 60, U.S. Government Printing northeastern China.Clean— Soil, Air, Water, 38(11),
Office, Washington, DC. 1010-1016.

Vijayasatya, N. C., David, M. C and Jirka, S. U. (2015).
Leaching and reclamation of a biochar and compost
amended saline—sodic soil with moderate SAR
reclaimed water. Departmentof Environmental
Sciences, University of California, Riverside, CA,
USA. Agricultural Water Management 158 (2015)
255-265.
430 gual) datall 4 3 g Sluatinn (& daddivial) 4y gand) Balall aaa 43leld
K IEA(JRIWA VN VRO
san—As) )3l 0 ) 5g — 4 )N Sigasll S e — Add) g olall g i) W) & g2 3gaa
r:\Ja:\uY\ &ﬁ}h\)ﬂw\ rﬁ M_s 3 L@.lj};_j dﬁm\;d\ Ctu“ EA\.L}} 3 Lﬂ\ uail...a; MMA\SM EJ\A;\ L;.LJ\ :L\ﬂ\ ua.u;ﬁ ;\SLL
¢ pall) ookl il dallal) &y il ZSlain Gkl (e ) alaind S Cus ey il al & el By small g 5 & sumal) COGail & il
A 539 gl A3 e i s ¢ (sl iy 55y pS ¢ it S el ¢ (gl ¢ o sl a5 iSe il Al puanl) 5 ((pend
3 sall alasils o sl sl el (3% () A i) U A 3 guall =M i sl e Al (0D S a5 A g sl 5 il
sy Jaste Gl 550 L (el Ciyuall slas g ¢ dland) 5 ¢ ailall Eigy s ¢ puzad¥) el g ¢ Gl g ¢ il 5 ¢ Jualadl) Al 5l dall 4 suzanll
At Csing - 4e ) Sl e de e o) Gl (i ad el a) @ Y5 Leilins Ay g A ey o sl g AaIl) A0 Sl e
Laalaal) | 4L dyida () (& 5 ( ESP 37.16%) J)dswsis (8.5PH ) Jl 0S5 (42 dS m-1)a ) s3d EC (S 5 43 4pala (yia ) duas ) 59
Al A el 5y Sin Jal a¥ ) 9 alad Caall Joad DA 2 il 2855 G ghad (8 2Sail g dadiliosall o) sall 43S paail saacf 8 dplexa 4y o
) 4y guanll ool ana il 5 G Ay guaall Sl (50 T2 30 Jame a3 A Yo u /YA (o 5l aussall DA (i Y1 (i e lia S
8 &y gl o) aasiiad JsY) aaald) sdiadll ey s JS 4K Gida 28LaY] Jane Jad 55 Jucaill Jalie A (e alaal ) Leliad &5 (Sadll aal)
Cun aclill aaal) a g ) aaall (5 pSale ) e 5STs s Sale ¥ (e JBY) aaall ) 3 gumel) salall Jucad o5 G sl o (g (il aaal)
daal e pan IS Juad i - Lili | (GR= ESPi — ESPf /100 (CEC*1.72 ) g Adbiaall Guual) 4aS a3 9 Sala ) (g0 JIY) anall S
el Ambaud) o ) v Al we Jala) g4 il 3 gac Figad vie ASBlial 5 i (52 13 jiie ALl 5 Y 6 el el el 4306 ) 2SI 2y gaall alal)
Ak g AL s Abiin g Ansi o o8 i/ {8800 25 (nl) sl 1 3 (1S 5 A suemal) D) ALY ) slae b g sand 53] 48 5 )
S Aadaud) o )+ dlda b4y i3 gee Riaed e ) ) i) geadali 5 G ¢ Gall | Ade il (J glae Alal o5 o 4y ) 3 pac Al die aus ) s
bl Jmbl Ja) iy 5edl 3ol Hed JS Cun 138 5 a s Y0 Baad Jalill g Jelil) Cunny g Contl g il & 55 a3 WL 5 ol il g Janssll dules ) a0
Ay 58l 5 4, slasSll ailiadll (g o o 5 Lgale Bl o) jal iy o ladll elgil ey 4 i) (e e 240 5 — VG 3 e Jiall (8 2255 (5 s
A4S S e g e i (e @l 3 A ol sall Juadl a3 5 Ailian V) SO o) gl a1 5 deriinad) (5 k) adi s derdivaall o) gall Juadl ypaa]
o532 saall A g A glall pmbd 8 Jaws i) amall e (3565 (o3l aeUl) a4y suzmall oalall gl Jons il amal) 8 4 gumnal) 830al) S o jun slsa
Oe @i ¢ A 8 ailia) S ol g Ol JS (8 (V0 = ) Gae (8 g pall Baee Y Ay i Gl s et (8 Al ae il aaall S Gaead)
Joani (8 2 site () Ailal 8 5 Ly ¢ uaal) slall 5 (S5 g S ) 5 20K Al S5 L jg S S gl oo (3 o) o Tl f sl
el sl (3585 ae ) CBlabrall S Jali @i (IS (Fr - Yo ) Gae s (Yr - Vv ) Gee 8 iy aedd) a s seall s JaL o g0 gual)
O (b dldaall (€ e Gl e siial) | aclil) ol (5565 0 5 5 ) g graia g Jind) & yatl Al &0 5 ) gy il i g il
L o g el g maal o g sl A5 s 50 Jonm 8 S 4l piladl

59



