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ABSTRACT 

The objective of this work was to investigate the 

influence of using each of rice straw (RS), agricultural 

gypsum requirements (AGR) and combination of them on 

improving soil physical and chemical properties. A sample 

of saline sodic, sandy clay loam soil, from the surface layer 

(0-30 cm) was taken from village 4 El-Tina plan, northern 

Sinai governorate – Egypt.  

A greenhouse experiment was conducted, during 

winter of 2018/2019, three rates of RS was used: 0.5, 1 and 

1.5%, also 6.8, 8.2, and 10.2 ton.fed-1 of AGR after 

calculating the AGR to reduce the ESP for the control 

sample to 50, 60, 75%, respectively. In addition to combine 

of 0.5 % RS + each of 6.8, 8.2 and 10.2 ton.fed-1 AGR, each 

treatment was mixed with soil 30 cm depth in pots. The 

soil was incubated for one month before cultivation, with 

Spinach (Spinacia Oleracea, L), in 1st December, 2018 as a 

guide crop. The amount of irrigation water was 

determined by weighting each pot to keep the moisture 

content at the field capacity of each treatment plus 15% as 

a leaching requirement of applied water. 

The obtained results indicated that, the adding (RS) or 

/ and (AGR) led to increase the soil's ability to retain soil 

moisture content, porosity, water holding pore and H.C. 

Meanwhile, decreases soil bulk density, penetration 

resistance (PR), EC, ESP and pH in compared to control. 

The superior effect on improvement of these parameters 

was resulted in combine RS+AGR.  Also effect of the 

treatments on these properties in 0-10 cm soil depth > 10-

20 > 20-30 cm soil depth. The results revealed that the 

values of field capacity (FC), available water (AW), H.C, 

quickly drainable pores (QDP) and water holding pore 

(WHP) increased significantly by increasing the rate of RS 

and GR. Moreover, combine RS + each of 6.8, 8.2 and 10.2 

ton.fed-1 AGR was increased highly significant effect on, 

FC , AW, H.C, QDP and WHP as compared to treated by  

RS, AGR alone or control. Also, it was decreased 

significantly on PR, bulk density and fine capillary pore. 

ESP values decrease by leaching control was not 

considerable and the soil remained sodic with highly ESP 

values. However, the final ESP obtained after leaching 

with amendments gave the highest decrease percent in 

ESP values by using combine 0.5% RS + each of 6.8, 8.2 

and 10.2 ton. fed-1 AGR. Also, the fresh yield of Spinach 

was higher in soils receiving with increasing rates of AG 

amendment as compared to RS. The highest shoot spinach 

yield was, obtained by treatment by combine of 0.5% RS + 

each of 6.8, 8.2 and 10.2 ton. fed-1 AGR. 

Key words: Saline sodic soils, agricultural gypsum, soil 

physical and chemical properties, reclamation, rice straw 

compost.  

INTRODUCTION 

In Egypt, as in many other countries in arid and 

semi-arid areas, soil salinity and sodicity very often 

occur and transferred due to climate conditions of 

weakened rainfall and rising temperatures, lead to 

upward flux and salt accumulation on soil surface as 

well as the salts in irrigation water and capillary rise of 

saline water table cause the increase of soil salinity. The 

area of salt-affected soils are approximately 2 million 

fed of cultivation is 7.5 million fed. Soil amendments 

are corporate into upper layer of soil (cm) to ameliorate 

soil physical properties; like water retention, water 

infiltration, permeability and supply nutrients. 

 There were many ways to allow water and nutrients 

to flow easier through the soil to boost healthy plant 

growth  Ammari et al, (2008). There are two types of 

soil amendments:1st one, organic amendments which 

include straw, wood chips, sphagnum peat, manure, 

compost, biosolids, wood ash, and sawdust….ect, which 

enhance water stabile aggregate, infiltration rate and 

water-holding capacity Diacono, and Montemurro, 

(2015). the 2nd one, Inorganic amendments like, 

vermiculite, perlite, and sand,….ect, which applied to 

improvement and reclamation saline soil to avoid the 

using chemical amendments on soil and decrease salts 

concentration in the upper layer of soil, which enhanced 

the plants growth by get rid the excessive ions released 

from soil to the deeper layers. Junbao et al., (2010). 

Agricultural gypsum, sulphur, acids, press mud and 

farmyard manure (FYM) are used to reclaim the saline- 

sodic soils. Sabir et al.,(2007) and Bello, (2012).  

In Egypt, agricultural gypsum is usually used to 

reclaim sodic soils due to it is easily of handling, low 

cost and availability. Gypsum decreases the ratio of 

sodicity to salinity in percolating solutions and provides 

constant hydraulic gradient throughout the soil profile. 

The gypsum application followed by a mature 

municipal solid compost mix has been used to restore 

degraded sodic soils Hanay et al., (2004). Gypsum 

treatment was effective in the sodic soils reclamation. In 

addition, decreases of, electrical conductivity, 

exchangeable sodium percentage and pH, Gupta et al., 
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(1988), decrease the bulk density values and inversely, 

increases soil infiltration rate and soil hydraulic 

conductivity Abdel-Fattah, (2012); Abou Youssef, 

(2001) found that, with increasing application of 

phosphor gypsum (PG) decreased values of bulk 

density, pH, EC values and ESP. In the other hand, there 

were increase soil hydraulic conductivity, soil porosity, 

mean weight diameter (MWD) of soil aggregates, 

geometric mean diameter (GMD), and water-stable 

aggregates (WSA). Manzoor et al., (2001) mentioned 

that the sodium adsorption ratio (SAR), electrical 

conductivity (EC) and soil pH decreased with gypsum 

application. Many studies El-Shanawany (1985); 

Lebron and Yoshida (2002) indicated that gypsum and 

phospho-gypsum improved the soil structure, decreased 

the swelling of sodic soils, increased soil hydraulic 

conductivity (Ks/Kh) and infiltration rate.  

Chawla and Abrol (1982) reported that treatments 

with the finest gypsum resulted in the greatest initial 

infiltration rate, then sharply decrease with time. This 

phenomenon was due to the greater solubility of the 

finer particles followed by a decrease sharply in the 

electrolyte concentration due to the precipitation of 

dissolved calcium in the first case and the dissolution of 

coarser particles and little precipitation in the final case. 

The inactivation of gypsum particles due to formation of 

calcium carbonate (CaCO3) coatings over their surfaces 

reported in the case of finer grades. Whereas the 

kinetics of gypsum dissolution in the presence of soil is 

first order while the absence of soil is second order. 

This vary in reaction kinetics resulted from the 

continuous removal of calcium ion (Ca2+) and sulfate 

ions (SO4
2+) from the soil.  

Laboratory experiments conducted by 

Vandenelshout and Kamphorst (1990) to evaluate the 

water requirements for leaching for five gypsum grades 

with different particle size distributions reveal that the 

water requirements for leaching didn’t difference 

significantly for the mixtures studied, provided that the 

percolation rates were low. The time of reclamation 

appeared to increase with increasing particle size. 

Different methods of gypsum application were tested 

.The largest efficiency can be obtained when partially 

mixing and applying an equal amount to the gypsum 

requirement into the soil. Based on the lack of 

comparative information for the situation in Egypt.  

The main objective of this work was to study the 

applying gypsum and rice straw individually or their 

combination on improvement of physical and chemical 

characteristic of a saline sodic in El Tain -plain. in 

Egypt.  

 

 

MATERIALS AND METHODS 

The experiment was conducted to elucidate the 

effect of the application Rice straw, Agricultural 

gypsum (particles 1-2 mm) and their combinations on 

some soil physical and chemical properties and 

productivity of saline sodic, sandy clay loam soil was 

studied. Soil sample was collected from the surface 

layer (0-30 cm) in village 4, El-Tina plain, east of the 

Suez Canal in North Sinai Governorate. Three rates: 

0.5, 1 and 1.5% of rice straw pieces (2 cm length), three 

application rates of agricultural gypsum requirements 

(AGR) 50, 60 and 75% which were 6.8, 8.2 and 10.2 

ton.fed-1 agricultural gypsum, respectively, and combine 

of 0.5 % rice straw each of 6.8, 8.2 and 10.2 ton.fed-1 

agricultural gypsum were used. Soil treatments were 

mixed with soil (30 cm depth). These soil treatments 

were incubated for one month before cultivation of 

Spinach in greenhouse pots experimental. Cultivated 

with spinach (Spinacia Oleracea, L) was planted in 1st 

December, 2018- 2019 as a guide crop. This experiment 

was irrigated by water from the El-Salam Canal with a 

1:1 mixture of agriculture drainage water and fresh Nile 

water and a representative soil sample was taken before 

planting to determine some physical and chemical 

properties Table(1).  

1-Agricultural gypsum requirements (AGR) were 

determined according to the methods described by 

U.S., salinity laboratory staff (FAO and IIASA, 

2000). 

2- Calculated as follows:  

AGR = . 

Where AGR: agricultural gypsum requirement              

(ton.fed-1). CEC: cation exchange capacity                        

(meq. 100 g-1soil), ESPi is initial the Exchangeable 

Sodium in the soil (measured), ESPf is the 

Exchangeable Sodium Percentage to be reached 

(descending the previous measured). 

3-Exchangeable sodium percentage (ESP) was 

estimated by using the following equation: 

ESP  

4- Sodium adsorption ratio (SAR) was estimated by 

using the following equation where ionic 

concentration of the saturation extracts are 

expressed in meq. L-1   

SAR =  

Soil sample was analyzed to review the amount of 

gypsum, as well as different percentages of cutting rice 

straw with soil (0, 0.5, 1.0, and 1.5 %). 
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Table 1. The main values of some physical and chemical soil properties of the (virginal) control soil under 

study and of irrigation water 

                                                                 Soil Irrig. water 

Coarse sand %  11.18  EC dSm-1 in soil paste 19.6 2.19 

Fine sand %  49.45 pH  in soil paste 8.2 7.92 

Silt %  11.24 Ca++ (meq L−1) 15.2 2.34 

Clay %  28.13 Mg++ (meq L−1) 19.9 3.94 

Textural class  SCL. Na+ (meq L−1) 156.0 15.19 

Bulk density ton. m-3 1.51 K+ (meq L−1) 4.9 0.42 

Total porosity %  43.0 HCO-- (meq L−1) 12.8 3.99 

Ca CO3 (g/Kg) 0.41 Cl- (meq L−1) 121.1 12.39 

Organic matter  % 0.34 SO-- (meq L−1) 62.1 5.51 

Field capacity  % 21.1 SAR 37.3 8.57 

Welting point % 11.6 CEC  meq/100 gm soil 21.6 ---- 

Available water % 9.6 ESP % 34.9 ---- 

Hydraulic conductivity cm h-1 0.62    

 

Also, agricultural gypsum requirements (AGR) were 

calculated to reduce the initial ESP = 35%  to ESP 

=17.5, 14 and 9%  for 30-cm soil depth, according to  

U.S. salinity laboratory staff FAO and IIASA, (2000), 

and combination of 0.5 % rice straw + each of 6.8, 8.2 

and 10.2 ton.fed-1 agricultural gypsum, which were 50, 

60 and 75 % agricultural gypsum requirements (AGR). 

The amount of irrigation water was determined by 

weighting each pot to keep the moisture content at the 

field capacity of each treatment, with the addition to 

15% as leaching requirement.  

In the end, experiment soil samples were taken from 

each pots at 0-10, 10-20 and 20-30 cm soil depth in 

order to determine Soil physical properties are: Field 

capacity, wilting point, available water, hydraulic 

conductivity (Darcy’s law), bulk density, total porosity 

and pore size distribution of the soil. Pore size 

distribution was determined according to the equation: 

P = (2 σ COS θ)/r Where r is pore radius, σ is 

surface tension of water (σ = 72 dyne/cm), θ is the 

contact angle and P is the applied pressure. When 

contact angle equals Zero, the pore diameter 

corresponds to pressure 0.01, 0.033 and 1.5 MPa is 

equal to 28.8, 8.62 and 0.19 micron, respectively. 

according to De Leenher and De Boodt (1965) classified 

the pore space to pore with a diameter > 28.8 µ as quick 

drainable pores, while those with diameters 28.8-8.62µ 

as slow drainable pores and water holding pores as the 

pores with diameters 8.62- 0.19 micron. 

soil physical properties analysis according to klute 

(1986). Soil penetration resistance was measured in the 

vicinity, each of the representative soil pots using an 

electrical penetrometer. Statistical analysis of variance 

of all treatments were compared in a complete 

randomize plot design using ANOVA and the least 

significant difference (L.S.D) at 0.05 % level.  

RESULTS AND DISCUSSION 

Soil physical properties: 

Soil moisture characteristics:- 

Data in Table (2), indicates that adding any of rice 

straw (RS) or agricultural gypsum requirements (AGR) 

at any rate increase the retained moisture in soil at any 

suction. Also increasing in the percentages of retained 

moisture at all suctions, this increase of field capacity 

and available water values was higher with increasing 

the applied rate of rice straw (RS) or agricultural 

gypsum (AGR.) compare to control. Moreover, 

combination of RS + AGR treatments were superior in 

increasing FC and AW values as compared to RS, AGR 

or control. Data in Table (2) showed that, the 0-10 soil 

depth, values of retained moisture at field capacity (FC) 

increased with increasing rates of 5.7, 11.1 and 17.4% 

by application of 0.5, 1 and 1.5% rice straw. In addition, 

the increasing rates of retained moisture values at (FC) 

were 12.2, 15.8 and 13.6 % for application 6.8, 8.2 and 

10.2 ton.fed-1 agricultural gypsum requirements. In 

addition, the increasing rates of water content at field 

capacity values were 15.9, 17.3 and 26.5 % for 

combined 0.5% rice straw + each of 6.8, 8.2 and 10.2 

ton.fed-1 agricultural gypsum respectively, as compared 

with control.  

Data in table (2) revealed that increasing rates of the 

available water values were 12.5, 23.4 and 31.9 % by 

application of 0.5, 1 and 1.5% RS. In addition, the 

increasing rates of available water values were 23.4, 

31.2 and 28% for application 6.8, 8.2 and 10.2 ton.fed-1 

AGR. While the increasing rates of available water 

values were 34, 35.5 and 50.6% for combine 0.5% R. S 
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+ each of 6.8, 8.2 and 10.2 ton.fed-1 AGR respectively, 

as compared with control treatment. 

The positive effect of RS, AGR and their 

combination application in increasing available water 

reflects the high capacity and available water content of 

these amendments in retaining more moisture in the soil 

through creating more water holding pores in the soil in 

particular as well as increasing soil porosity in general. 

Moreover, the combination of RS + each of 6.8, 8.2 and 

10.2 ton.fed-1 AG, were ability to retaining more 

moisture in the soil higher than RS or AGR alone. 

Whereas the increasing values of field capacity 10-20 

cm soil depth 19.1, 13 & 16.4%, of treated by RS, also 

it was 10, 13 and 13.1 % of treated by AGR and 15.2, 

19.3 and 22.2 % of combine 0.5% RS + each of 6.8, 8.2 

and 10.2 ton.fed-1 AG.  In addition soil depth 10-20 cm, 

the values increasing of available water was (39.5, 31.7 

& 42.6 %), (38.8, 33.1 & 51.8 %) and (57.3, 43.6 & 

48.9 %). Also, of 20-30 cm soil depth, it was (32.2, 31.6 

& 23.7%), (35.8, 34.3 & 37.9 %) and (35.2, 49.7 and 

55.4%) respectively compare to control. 

Data presented in Table (6a, 6b , and 6c) indicated 

that addition of rice straw, agricultural gypsum 

increased significantly affected in Field capacity (FC) 

and available water (AW) as compared to soil without 

any conditioners (control). Also, results revealed that 

the values of FC and AW increased significantly by 

increasing the rate of rice straw and agricultural gypsum 

conditioners, in three soil depths. These results are 

similar to those obtained by (Sharma and Minhas, 2005) 

who found that compost significantly increased soil 

water content. Also, these results may be due to gypsum 

plays a significant role in the providing a Ca2+ cation to 

replace the exchangeable Na+ on the exchange positions 

and leaching it and removing down root zone.  Sharma 

et al (1995) reveal that the aggregation stability was 

improved sodic soil by gypsum application. Also 

increasing water stable aggregates in both 0-10 and 10-

20 and 20-30 soil depth. These increases considers with 

increases in total porosity. These results are in 

accordance with those obtained by Ghazy (1994) who 

reported that available soil moisture was increased with 

application of agricultural gypsum. Also this is due to 

the increasing of the decomposition rate of organic 

matter by time and the indirect effect of organic matter 

on soil physical and chemical properties.  

Soil bulk density:  

Table (2) and Fig. (1) Revealed that application of (RS) 

or (AGR) individual and their combination had a 

marked effect high relatively on bulk density of the 

saline sodic soil. Bulk density was decrease with 

increasing rates added of RS, AGR and their 

combination of them of soil.  Data of 0-10 cm soil 

depth, the application rates 0.5, 1 and 1.5% RS lead to, 

soil BD values decreased by 1.41, 1.36 and                          

1.32 gm.cm-3, by reduction of 6.6, 9.9 and 12.6 % 

compare to control (BD0). In addition, BD values 

decreased to 1.4, 1.36 and 1.31 gm.cm-3 by the 

application of 6.8, 8.2 and 10.2 ton.fed-1 AGR, with 

reduction of 7.3, 9.9 and 13.3 %. meanwhile, data 

referred that soil BD decreased to 1.30, 1.26 and 1.23 

gm.cm-3 by application of combination  0.5% RS + each 

of 6.8, 8.2 and 10.2 ton.fed-1 AGR by reduction of 13.9, 

16.6 and 18.5 % as compared to control (1.51 gm.cm-3), 

respectively. These results are in accordance with those 

reported by Wong and Ho (1991) who attributed the 

decrease in soil bulk density to the effect of gypsum or 

/and organic matter  increasing the stability of 

aggregates. Also decreasing soil bulk density of 

application by agricultural gypsum is mainly attribute to 

the effect of agricultural gypsum on improving the 

physical properties of soil via increasing total pore 

space. Also, data show that the decrease of soil bulk by 

12.6%, 13.3 % was obtained with added individual 1.5 

% of rice straw or 10.2 ton.fed-1 AG, respectively. 

While the highest decrease of bulk density (18.5 %) of 

combine 0.5 % rice straw + 10.2 ton.fed-1 AG. The 

average values of bulk density for 0-10, 10-20 and 20-

30 cm soil layers were decreased by (9.7%, 10.2 and 

16.3 %), (7.2, 9.2 and 14.8 %) and (7.5, 9.2 and 14.5 %) 

for RS, AGR and combination of RS + AGR 

applications respectively, compared to control. Also, 

data illustrated in Table (2) and Fig. (1) indicate that the 

addition of RS or AGR and combination of them, with 

successive leaching (irrigation) caused a pronounced 

decrease in saline soil, this lead to decrease the value of 

soil bulk density in both the surface and subsurface soil 

depths. This effect was more pronounced in 0-10 cm 

than 10-20 and 20-30 cm soil depth, The highest value 

decrease of soil bulk density occurred with application 

of 0.5 % RS + 10.2 ton.fed-1 AG, the values were 1.23, 

12.8 and 1.31 gm /c m3, respectively. These results are 

in agreement with those found by El- Shanawany (1985) 

and Wahby(1986) who found that increasing the rates of 

applied gypsum and leaching water gave the lowest 

values of soil bulk density. 

The role of compost may be related to increase of 

soil granulation, increase porosity, decrease soil density 

and improving soil properties, Antar, et al 2008. 

However, the decrease in soil bulk density of combine 

0.5% rice straw +10.2 ton.fed-1 AG application, in soil 

exceed 18.54% in the surface layer, this finding 

illustrates marked the role of rice straw + agricultural 

gypsum in highest improve soil bulk density. 

Application different rates of soil amendments a 

descending decrease in the order as follows  
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Table 2. Effect of different rates of rice straw, gypsum and their combination amendments on some physical 

properties soil in El Tina plain 

Treatments 
S

o
il

 d
ep

th
 

cm
 

Retained soil moisture at the indicated tension, (MPa) 

A
.W

%
 

H
.C

 

cm
/h

r 

B
.D

. 

g
m

/c
m

3
 

P
o

ro
si

ty
 

%
 

0.00 0.006 0.01 0.033 0.1 0.3 0.5 1.5 

R
S

 (
%

) 

0
.5

 %
 0:10 43.71 35.95 32.26 30.81 28.50 27.66 26.74 12.26 18.55 1.36 1.41 46.79 

10:20 46.71 36.28 31.13 29.84 25.57 23.65 22.96 12.41 17.43 0.91 1.45 45.28 

20:30 43.44 34.83 28.88 24.77 26.25 24.05 25.59 12.52 12.25 0.96 1.48 44.15 

1
.0

%
 0:10 46.73 36.83 34.11 32.37 31.17 29.78 28.58 12.03 20.34 1.67 1.36 48.68 

10:20 47.53 38.79 30.57 28.31 26.87 25.87 24.72 11.86 16.45 1.58 1.43 46.04 

20:30 44.20 37.24 29.32 23.50 27.00 26.54 22.58 11.30 12.20 1.04 1.44 45.66 

1
.5

%
 0:10 49.08 39.14 35.16 34.23 28.10 27.72 25.53 12.49 21.74 1.83 1.32 50.19 

10:20 49.18 40.74 30.48 29.18 28.41 23.32 23.00 11.37 17.81 1.47 1.38 47.92 

20:30 45.74 39.11 29.23 24.22 27.34 26.69 24.78 12.75 11.47 1.18 1.41 46.79 

A
G

R
. 

(t
o

n
.f

ed
-1

) 

6
.8

 0:10 45.43 35.24 33.19 32.69 27.36 27.09 25.19 12.35 20.34 1.41 1.4 47.17 

10:20 46.78 37.71 29.25 27.55 27.13 22.71 22.48 11.92 17.33 1.31 1.42 46.42 

20:30 43.50 37.71 28.00 22.87 22.40 21.93 20.79 10.28 12.59 0.87 1.45 45.28 

8
.2

 0:10 47.06 34.31 34.13 33.76 28.30 26.81 23.39 12.14 21.62 1.91 1.36 48.68 

10:20 47.06 39.06 28.48 28.33 28.02 23.49 22.25 11.86 16.62 1.54 1.39 47.55 

20:30 43.76 39.06 27.23 23.51 23.56 24.34 22.02 11.07 12.45 0.97 1.42 46.42 

1
0
.2

 0:10 48.84 35.84 34.15 33.12 27.72 26.58 24.61 12.04 21.08 2.06 1.31 50.57 

10:20 48.84 40.54 29.74 28.35 27.49 23.00 22.06 10.79 18.95 1.86 1.36 48.68 

20:30 45.43 40.54 28.49 23.53 23.01 22.79 20.57 10.74 12.79 1.46 1.38 47.92 

C
o

m
b

in
at

io
n
 (

R
S

%
 +

A
G

R
 

to
n

.f
ed

-1
) 

 
0

.5
%

 R
S

+
 

6
.8

 A
G

R
 0:10 51.64 39.01 34.99 33.79 29.36 27.59 24.89 11.70 22.09 2.12 1.3 50.94 

10:20 51.64 42.86 31.38 28.87 28.05 24.37 22.90 11.74 19.64 1.59 1.33 49.81 

20:30 48.03 41.15 30.13 23.97 24.37 23.60 22.92 11.43 12.53 1.22 1.36 48.68 

0
.5

%
  
R

S
 

+
8

.2
 A

G
R

 0:10 53.13 36.98 35.82 34.20 26.89 25.52 25.90 11.88 22.32 2.62 1.26 52.45 

10:20 53.13 44.10 30.69 29.90 28.39 22.32 21.18 11.96 17.93 1.70 1.3 50.94 

20:30 49.41 42.34 29.44 24.81 23.71 22.71 22.17 10.94 13.87 1.54 1.33 49.81 

0
.5

%
 R

S
 

+
1
0

.2
A

G
 0:10 55.58 37.13 37.89 36.86 28.17 26.35 25.46 12.04 24.82 2.88 1.23 53.58 

10:20 56.58 46.96 30.82 30.62 28.11 23.38 21.87 12.02 18.60 1.89 1.28 51.70 

20:30 52.62 45.08 29.57 25.41 24.86 23.38 24.64 11.01 14.40 1.54 1.31 50.57 

Control 

0:10 41.62 33.41 31.40 29.15 24.89 24.67 23.15 12.67 16.48 0.84 1.51 43.02 

10:20 43.63 36.54 28.73 25.06 26.20 22.66 22.48 12.56 12.50 0.75 1.53 42.26 

20:30 40.58 35.08 27.48 20.80 21.64 21.32 19.80 11.54 9.26 0.54 1.56 41.13 

 

 
Fig. 1. Changes of BD rates under different treatments by RS, AG and their combination in 0-10, 10-20 and 20-

30 cm soil layers
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0.5% RS + 10.2 ton.fed-1 AG > 0.5% RS+ 8.2 ton.fed-1 

AG > 0.5% RS+ 6.8 ton.fed-1 AG > 10.2 ton.fed-1 AG > 

8.2 ton.fed-1 AG > 6.8 ton.fed-1 AG > 1.5 % RS > 1 % 

RS > 0.5 % RS. This trend is hold true for 0-10, 10-20 

and 20-30 cm soil depth layers, respectively. 

Statistical analysis in table (6a, 6b, and 6c) indicated 

that there are significant differences among the different 

treatments of amendments, also in three soil depth. 

Total porosity:  

Data in Table (2) indicated that the total soil porosity 

increased due to increasing addition of RS, AGR and 

their combination. This increase was more noticeable in 

the 0-10 cm than the 10-20 and 20-30 cm soil depth. 

The highest relative increases in soil porosity in 0-10 

cm soil depth were 16.7%, 17.5% and 24.6% by 1.5% 

RS, 10.2 ton.fed-1 AGR and combine 0.5% RS +10.2 

ton.fed-1 AG respectively. The corresponding values of 

decreases in the 10-20 and 20-30 cm soil depth were 

13.4, 15.2 & 22.3% and 13.8, 16.5 & 22.9 % for the 

same application treatments, respective.  Similar results 

were obtained by Wahby (1986) found that the total soil 

porosity reached highest values by agricultural gypsum 

was added to saline sodic soil. 

Data in Table (2) also, showed that values of the 

total porosity were higher in the surface layers than in 

the subsurface others, where total porosity values of 

control were 43%,42.3% and 41.1% in 0-10, 10-20 and 

20-30 cm soil depths. Also, total porosity increased with 

increasing agricultural gypsum treated. Where porosity 

values were 47.2, 48.7 and 50.6% in 0-10 soil depth, 

(46.4, 47.6 and 48.7) and (45.3, 46.4 and 47.9 %) for the 

others soil depths. On the other hand, the total porosity 

for 0.5, 1 and 1.5% Rice Straw was 46.79, 48.68 and 

50.19% in the surface layers, respectively. Meanwhile, 

the highest value was 53.6% by combine 0.5% RS + 

10.2 ton.fed-1 AGR. This indicates that the combination 

0.5% RS+ AGR in soil were more efficient in increasing 

total porosity, probably due to the continuous supply of 

Ca+2 and RS as a source of organic matter in soil which 

enhances the aggregation process. These results are in 

good agreement with that obtained by El- Shanawany 

(1985) who reported that applied gypsum particularly or 

/and organic matter in high rates gave the highest values 

of total soil porosity. Also, these results may be 

attributed to the role of soil amendments in increasing 

exchangeable calcium which enhance the aggregation 

process and consequently increase apparent soil bulk 

volume, decrease soil bulk density and increase the 

efficiency of leaching processes with adding 

amendments. The obtained results are similar to those 

reported by Abd El-Hamid et al. 2011. 

 

 

Soil hydraulic conductivity (H.C.): 

Data in Table (2) showed that the values of 

hydraulic conductivity in initial soil were decreased as a 

result of increasing soil salinity and alkalinity which, 

decreases the volume of drainable pores. This behavior 

may be due to the dispersion of soil particles created by 

sodium ions that occupy a pronounced area of the 

exchangeable sites. Also, it might be attributed to the 

internal swelling that would narrow the pores and allow 

for more entrapment of slaked and dispersed particles; 

internal swelling reduces the number of large free 

drainable pores, which are responsible for saturated 

water movement. Data also showed the effect of 

different rates of RS or AGR amendments and their 

combination on soil hydraulic conductivity, the data 

revealed that the leaching processes did help in 

increasing the hydraulic conductivity values compared 

to control soil. Also, the increasing hydraulic 

conductivity values was maximized of combined rice 

straw + agricultural gypsum treatment in soil under 

study. The increasing rates of amendments RS or AGR 

lead to increased H.C. values and the numerical values 

were higher than (control soil HC0), but lower than the 

H.C. values, by application combination of 0.5 % RS 

with each of  6.8, 8.2 and 10.2 ton.fed-1 of AGR. As 

regard the reclamation efficiency in terms of improving 

hydraulic conductivity, various amendments proved 

useful but the combination of 0.5% rice straw with 

combine  different rates of agricultural gypsum may be 

regarded the best. This finding is agreement with 

Hussain et al., (2001) who found that application of 

amendment in lesser quantities in combination may be a 

good strategy to reclaim the sodic soils. 

Data in Table (2) and Fig (2) also showed the values 

of hydraulic conductivity (H.C.) are response to the 

application of different soil amendments. Also the data 

in Table (6a, 6b , and 6c) showed that the values of 

(H.C.) were significantly increased under application of 

all amendments. The superiority of the treatment of 0.5 

% RS with different rates of AGR in improving soil 

hydraulic conductivity is quite clears that it highly 

significant increased H.C. compared to (control soil) or 

other treatments. These results may be attributed to the 

role of soil amendments in increasing exchangeable 

Ca2+  which enhance the aggregation process and 

consequently increase apparent soil bulk volume, 

decrease soil bulk density and increase the efficiency of 

leaching processes. The results agreement with the 

results were obtained to those reported  by Abd El-

Hamid et al. (2011); Gharaibeh et al., (2009) and 

Reading et al., (2012) consequently improving physical 

soil properties and the dynamic soil water movement. 

El-Sharawy el al., (2008). 
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Fig. 2. Changes of HC under different treatments by RS, AG and their combination in 0-10, 10-20 and 20-30 

cm soil layers 

Statistical analysis indicated that there were 

positively significant differences among the different 

amendments. It was increasing significant affected by 

rates of amendments in three soil layers. These results 

Similar were obtained by Wahby (1986), who found 

that the addition of gypsum improved soil hydraulic 

conductivity. This increase in values of the H.C. may be 

attributed to increasing the proportion of large water 

stable aggregates on one hand and reducing the ESP and 

consequently diminishing the dispersion occurring in 

such sodic soils. 

Pore size distribution: 

Data of 0-10 cm soil depth presented in Table (3) 

and Figs (3 & 4), show that the effect of  soil 

amendments RS,  GR and their combination were 

increased of quickly drainable pores (QDP 28.8 µ) and 

water holding pores (WHP 8.86: 0.19 µ). These 

increases were 12.1, 19.7 & 62.9 % and 12.5, 23.4 & 34 

% for 0.5 RS, 6.8 ton.fed-1 AGR and combination 0.5 

RS+ 6.8 ton.fed-1 AGR relatively to control, 

respectively. These values increased with increasing 

rates of these treatments, meanwhile the decrease of fine 

capillary pore (FCP < 0.19µ) by 7.65% compared to 

control soil. This may be due to the influence of salt 

concentration enhanced the coagulation of particles and 

create a renewed false aggregates that was accompanied 

by large pores, Mansour (2002), Data also showed that 

the effect of soil amendments application on pore size 

distribution of the studied soil. The application of soil 

amendments alone or in mixtures encouraged the 

formation of drainable pores and water holding pores on 

the account of fine capillary pores.  

The obtained data indicate that there is an increase in 

values of the quickly drainable pores, which played a 

fundamental role during the salt leaching process, in all 

ameliorated soils comparing with soil control. The 

average values of (QDP) and (WHP) were increased in 

combination 0.5% RS+ each of 6.8, 8.2 and 10.2 

ton.fed-1 agricultural gypsum treatments by 68.6 and 

39.9 % while the fine capillary pores were decreased by 

6.23% compared to soil control. It’s worth to mention 

that, the most efficient treatment here was 0.5% RS 

+10.2 ton.fed-1 AGR. The most inferior treatment was 

application of RS or AG alone, even which was better 

than soil control.  Also data reveal that, the treatment 

combine of 0.5 % RS + each of 6.8, 8.2 and 10.2 ton. 

fed-1  AGR proved superior more than treated by (RS) or 

AG alone. At the same trend, of this result in 10-20 and 

20-30 soil depth, but soil amendments are more 

effective in 0-10 cm soil depth than 10-20 and 20-30 cm 

soil depth. This is due to the use of the gypsum easily 

released Ca2+ ions proved to be more effective than RS.  

Statistical analysis of data presented in Table (6a, 6b, 

and 6c) showed that, the addition of gypsum was highly 

significant increasing the values of quickly drainable 

pores (QDP) and Water holding pores (WHP), 

meanwhile the fine capillary pores FCP represent 

insignificantly effect with RS , AGR and combine RS + 

AGR.7.62, 13.24 and 25.09% in comparison with the 

soil control (PR0). However addition 6.8, 8.2 and 10.2 

ton.fed-1 AG decrease PR values about 16.63, 21.74 and 

27.06 %. In addition, combination 0.5% RS + each of 

6.8, 8.2 and 10.2 ton.fed-1 AG  were superior in reducing 

the soil penetration resistance about 31.35, 34 and 

39.30%  in comparison with the soil without treatments. 

Results also showed that mixing treated leads to reduce 

the soil penetration resistance in the 0-10 cm soil depth 

compared 10-20 and 20-30 cm soil depth. The average 

decreasing of PR values were 15.32, 21.81 and 34.86 % 

of treatment alone RS or AGR and   mixed of them 

respectively. On the other hand the values of PR 
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increase with the increasing soil depth for all treatments compared to control.

Soil Penetration Resistance (PR):  

Table (3) and Fig. (5) Showed decreases in the soil 

penetration resistance (PR) with increase the addition of 

quantity of rice straw (RS) at 20% from available water 

of all soil layer depths. Addition of   0.5, 1 and 1.5% RS 

decreased the soil penetration resistance (MPa) about 

while the treatments with the same amount of 

applications of RS or GR and their combined of them  

in soil layers (10-20 and 20-30 cm) depth recorded 

decreasing of soil penetration resistance about   

Table 3. Effect of different rates of rice straw, gypsum and their combination amendments on Pores size 

distribution and penetration resistance (PR) at moisture content equivalent 20% of AW and the employed 

regression equation in each application 

Treatments 

S
o

il
 d

ep
th

 

cm
 

Pores size distribution ( µ) 

(2
0

%
 A

W
) 

P
R

 (
M

P
a

) 

employed regression 

Equation           n= 90 

Q
  

D
 P

 

>
2

8
.8

 µ
 

S
.D

 P
 

2
8

.8
 -

 8
.6

  

W
.H

.P
 

8
.6

 -
 0

.1
9

  

F
.C

.P
 

<
0

.1
9

µ
 

R
S

 (
%

(%
) 

0
.5

 %
 0:10 11.46 1.45 18.55 12.26 15.97 3.09 y = -0.1206x + 5.1158 

R2 =0.6357  10:20 15.58 1.29 17.43 12.41 15.90 3.10 

20:30 14.56 4.11 12.25 12.52 14.97 3.21 

1
.0

%
 0:10 12.62 1.74 20.34 12.03 16.10 2.90 Y=-0.101X+4.5265 

R2=0.6863 10:20 16.96 2.26 16.45 11.86 15.15 3.00 

20:30 14.88 5.82 12.20 11.30 13.74 3.01 

1
.5

%
 0:10 13.92 0.93 21.74 12.49 16.84 2.50 Y=0.1532X+5.0848 

R2= 0.6489 10:20 18.70 1.30 17.81 11.37 14.93 2.80 

20:30 16.51 5.01 11.47 12.75 15.04 2.78 

A
G

R
 (

 t
o

n
.f

ed
-1

 )
  6
.8

 0:10 12.23 0.50 20.34 12.35 16.42 2.79 Y = -0.1965 X+6.0134 

R2=0.6489 10:20 17.53 1.70 15.63 11.92 15.38 2.99 

20:30 15.51 5.13 12.59 10.28 12.80 3.50 

8
.2

 0:10 12.92 0.38 21.62 12.14 16.46 2.62 
Y=-0.1182 X +4.5622 

R2=0.7008 
10:20 18.58 0.15 16.47 11.86 15.18 2.77 

20:30 16.54 3.71 12.45 11.07 13.56 2.96 

1
0

.8
 0:10 14.69 1.03 21.08 12.04 16.25 2.44 

Y= -0.1617 X+5.067 

R2=0.8468 
10:20 19.10 1.40 17.56 10.79 14.58 2.71 

20:30 16.93 4.97 12.79 10.74 13.30 2.92 

C
o

m
b

in
at

io
n

 (
R

S
%

 +
A

G
R

 

to
n

.f
ed

-1
) 

 
0

.5
%

 R
S

 +
 

6
.8

 A
G

R
 0:10 16.65 1.20 22.09 11.70 16.12 2.30 

Y = -0.1542 X +4.781 

R2=0.575 
10:20 20.26 2.51 17.14 11.74 15.67 2.37 

20:30 17.90 6.16 12.53 11.43 13.94 2.63 

0
.5

%
  
R

S
 

+
 8

.2
 A

G
R

 0:10 17.31 1.62 22.32 11.88 16.34 2.21 

Y = -0.1307X +4.3998 

R2=0.693 
10:20 22.44 0.80 17.93 11.96 15.55 2.37 

20:30 19.97 4.63 13.87 10.94 13.71 2.61 

0
.5

%
 R

S
 +

 

1
0
.2

A
G

 0:10 17.69 1.03 24.82 12.04 17.01 2.03 
Y =-0.1059 X + 3.8305 

R2 =0.6504 
10:20 25.77 0.20 18.60 12.02 15.74 2.16 

20:30 23.05 4.15 14.40 11.01 13.89 2.36 

   Control 

0:10 10.22 2.25 16.48 12.67 15.97 3.34 
Y=-0.1567X+5.8439 

R=0.7208 
 

10:20 14.90 3.67 12.50 12.56 15.06 3.48 

20:30 13.10 6.68 9.26 11.54 13.39 3.75 

Where: Q. D. P = quickly drainable pores.                                         S. D. P. = slowly drainable pores     

                 W.H.P = water holding capacity                                         F.C.P = fine capillary pores             

                 X = moisture content at 20% from Available water.           Y= penetration resistance 
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Fig. 3. Effect of different rates of RS, AGR and their combination on Q.D. P of the three soil layers 

 

 

Fig. 4. Effect of different rates of RS, AGR and their combination on w. H.P of the three soil layers 

 

 
Fig. 5. Changes of PR rates under different treatments by RS, AG and their combination in 0-10, 10-20 and 20-

30 cm soil layers 
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14.89,18.94 & 33.98 % and 19.95, 16.59 & 32.39% in 

comparison with the control soil respectively. Statistical 

analysis of data presented in Table (6a, 6b , and 6c) 

showed that, the addition of RS or /and AGR highly 

significant decreased the values of PR, also decrease 

significantly affect with the increasing rates of RS, 

AGR and combine of RS + AGR. 

Soil chemical properties: 

Soil pH: 

Data in Table (4) and Fig (6) have markedly 

decreased the value of pH,  from 0.5% rise straw 

treatment to combination 0.5 % rice straw + 75% 

gypsum requirement  as compared to soil control, 

especially in 0-10 cm soil depth. The decrease ranged 

from 0.5 and 1 unit, The application of RS 0.5, 1 and 

1.5% lead to, soil pH values decreased by 7.9, 7.7 and 

7.6, with reduction of 5.4, 7.7 and 9.3%. In addition, pH 

values decreased to 7.8, 7.6 and 7.5, by the application 

of agricultural gypsum 6.8, 8.2 and 10.2 ton.fed-1, with 

reduction of 6.9, 9.7 and 10.5 %. Also, data referred that 

soil pH decreased to 7.6, 7.4 and 7.4, by application of 

0.5% RS combined with each of 6.8, 8.2 and 10.2 

ton.fed-1 AG, with reduction of 9.1, 11.4 and 12.1% as 

compared with control, respectively. In addition, data 

show that the decrease in the values of pH were more 

pronounced in the soil surface (0-10 cm) than the soil 

subsurface layers (10-20 and 20-30 cm). This is mainly 

due to the dissolving of applied gypsum being most in 

the surface layer (0-10 cm) and less in the 10-20 and 20-

30 cm soil depths. 

Bhumbla and Abrol (1971) mentioned that the pH of 

surface soil layer (0-10 cm) was decreased with 

increasing applied gypsum. The decrease of soil pH was 

mainly attributed to the high amounts of sulfate ions 

released due to dissolution of applied gypsum. 

Application of AG and the consequent leaching slightly  

decreased pH values. This decreases didn’t exceed 0.25 

unit. Also, pH values of the different layers didn’t show 

any constant trend and gave almost similar values. Khan 

et al., (2006) found that the soil pH decreased by AG 

application from 8.54 to 7.54. Moreover, Mahmoud 

(2011) recorded relative decreases in soil pH compared 

to the control which varied from 8.35 to 8.31 and 8.37 

to 8.17 in case of the by applying gypsum and sulphur 

treatments, respectively. 

Electrical Conductivity (EC): 

Data in Table (4) and Fig (7) showed that 

concerning results of 0.5, 1 and 1.5% of RS application 

lead to reduce the salinity by 17.31, 27.31 and 30.78% 

of 0-10cm soil depth compare to control. While, the 

values of salinity ratios of application 6.8, 8.2 and 10.2 

ton.fed-1AGR were reduced by 42.2, 40 and 39%. In 

case of combination of 0.5% RS with each of 6.8, 8.2 

and 10.2 ton.fed-1 AGR, the values were decreased by 

36.7, 39.7 and 47.15% compared to control, 

respectively. In the same order of rice straw treatments, 

it decreased EC values of 10-20 and 20-30 cm soil depth 

by 14.24, 21.13 & 27.67% and 18.37, 20.24 & 26.54%, 

respectively. While the values of salinity ratio of 

application 6.8, 8.2 and 10.2 ton.fed-1 AGR were 

reduced by 39.09, 37.71 & 39.52% and 27.59, 26.39 & 

25.38% compared to control, respectively.  In case of 

combination of 0.5% RS with each of 6.8, 8.2 and 10.2 

ton.fed-1, the values were decreased by 29.78, 32.73 & 

40.38% and 22.28, 25.83 & 29.97% compared to 

control, respectively. Such findings agree with those 

obtained by, Abdel-Fattah and Merwad (2016) and 

Saied et al. (2017) reported that, the addition of organic 

matter in conjunction with gypsum has been successful 

in reducing adverse soil properties associated with sodic 

soils. 

Also, El-Shanawany (1985) who reported that 

increasing gypsum application and leaching water 

greatly enhance the leaching of salts from a saline sodic 

soil. The surface layer deplete more soluble salts than 

the lower layers. This may be attributed to some of the 

leached salts from surface layer being accumulated in 

the deeper layers. The application of RS to saline sodic 

soil caused a decrease in soil salinity by average 55.4, 

52.9 and 53%. While, application of AG to the saline 

sodic soil caused decreased in soil salinity by average 

64.4, 63.5 and 55.8 % in 0-10, 10-20 and 20-30 cm soil 

depth, respectively as compared to EC value of control. 

The values of EC for 0-10, 10-20 and 20-30 cm soil 

depth of the soil combination were decreased by 

average 64.9, 60.8 and 55.6%, respectively. These 

results agree with those of Wahby (1986) who reported 

that gypsum application helped salt leaching through 

soil profile. Also, the application of gypsum was most 

effective in the reclamation of sodic soils. Statistical 

analysis of data presented in Table (6a, 6b, and 6c) 

showed that, the addition of RS or /and AGR highly 

significant decreased the values of EC, also decrease 

significantly affect with the increasing rates of RS, 

AGR and RS + AGR.  

This agree with Ghulam et al. (2011) who found that 

application of agricultural gypsum was most effective in 

the reclamation of sodic soils, beside of improving the 

chemical properties (pH, EC, SAR and ESP with 

increasing levels added from GR.) to the saline sodic 

soil. Such finding agree with those obtained by El-

Shnawany (1985) who reported that gypsum application 

and increasing leaching water greatly enhanced the 

leaching of salts from a saline sodic soil.  
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Table 4. Effect of different rates of rice straw, gypsum and their combination amendments on some chemical 

properties soil in El Tina plain (soil paste) 

Treatments 

S
o

il
 d

ep
th

 

cm
 

p
H

 

E
C

 

(d
S

/m
) 

 

Soluble cations ( meq/L) Soluble anions (meq/L) SAR 
ESP 

% 

Ca++ Mg++ Na+ K+ CO3
-2 HCO3

-2 Cl- SO4
-2   

R
. 

S
 (

%
) 

0
.5

  0:10 7.92 16.44 37.18 19.11 101.94 6.15 0.00 6.37 103.32 54.69 19.22 21.31 

10:20 8.07 17.05 38.76 20.12 107.82 3.80 0.00 8.10 125.45 36.95 19.87 21.91 

20:30 8.12 16.33 32.32 15.58 110.19 5.25 0.00 8.77 114.60 39.97 22.52 24.21 

1
.0

 0:10 7.73 14.45 41.37 19.94 76.94 6.25 0.00 9.96 91.13 43.41 13.90 16.13 

10:20 8.02 15.68 41.36 15.44 95.85 4.15 0.00 8.07 97.00 53.73 17.99 20.17 

20:30 8.06 15.96 39.04 17.12 97.05 6.39 0.00 8.58 96.76 54.26 18.31 20.48 

1
.5

 0:10 7.59 13.76 42.65 20.30 70.54 4.11 0.00 5.56 79.97 52.07 12.57 14.74 

10:20 7.81 14.38 44.10 14.30 81.04 4.36 0.00 7.20 83.24 53.36 15.00 17.26 

20:30 7.89 14.70 41.42 16.73 82.57 6.28 0.00 7.73 89.96 49.31 15.31 17.58 

A
G

R
. 

(t
o

n
.f

ed
-1

) 

6
.8

 0:10 7.79 11.49 33.81 14.95 61.14 5.00 0.00 6.72 57.80 50.38 12.38 14.53 

10:20 7.86 12.11 34.22 13.53 69.52 3.82 0.00 7.22 59.69 54.17 14.23 16.48 

20:30 7.88 14.49 44.36 17.85 78.35 4.34 0.00 7.97 77.23 59.70 14.05 16.29 

8
.2

 0:10 7.56 11.93 38.18 18.41 56.70 6.04 0.00 6.50 52.48 60.34 10.66 12.64 

10:20 7.70 12.38 42.77 11.15 65.44 4.47 0.00 6.17 46.10 71.56 12.60 14.77 

20:30 7.74 14.73 46.21 18.46 76.62 6.00 0.00 7.18 71.50 68.61 13.47 15.69 

1
0

.2
 0:10 7.49 12.23 44.33 17.68 53.83 6.42 0.00 6.23 51.29 64.75 9.67 11.50 

10:20 7.62 12.02 54.05 11.09 60.41 3.70 0.00 6.40 48.04 65.80 10.58 12.55 

20:30 7.69 14.93 49.70 20.66 74.32 4.64 0.00 7.05 65.79 76.48 12.53 14.69 

C
o

m
b
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R
S

%
 +

A
G

R
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o
n
.f
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-

1
)  

0
.5

%
 R

S
 +

 

6
.8

 A
G

R
 0:10 7.61 12.58 41.72 17.60 60.06 6.44 0.00 4.11 46.87 74.83 11.03 13.05 

10:20 7.58 13.96 47.92 20.56 66.90 4.21 0.00 5.69 58.38 75.52 11.43 13.50 

20:30 7.65 15.55 49.47 20.49 79.47 6.08 0.00 5.92 75.54 74.06 13.44 15.65 

0
.5

%
  
R

S
 

+
 8

.2
 A

G
R

 0:10 7.42 11.99 45.02 19.89 49.13 5.80 0.00 3.98 42.56 73.33 8.62 10.28 

10:20 7.52 13.37 46.75 23.22 60.25 3.53 0.00 5.83 55.85 72.06 10.19 12.10 

20:30 7.56 14.84 52.22 18.01 73.31 5.00 0.00 6.83 66.61 74.97 12.37 14.52 

0
.5

%
 R

S
 +

 

1
0
.2

A
G

 0:10 7.36 10.51 42.12 15.82 43.16 4.12 0.00 3.89 41.54 59.63 8.02 9.56 

10-20 7.40 11.85 53.70 11.26 50.13 3.43 0.00 4.80 45.14 68.58 8.80 10.49 

20-30 7.43 14.01 49.57 21.02 64.33 5.09 0.00 6.36 56.21 77.56 10.83 12.83 

Control 

0:10 8.37 19.88 29.18 17.75 146.93 4.34 0.00 11.39 151.24 36.17 31.33 31.30 

10:20 8.42 19.88 29.77 14.89 149.87 4.31 0.00 11.39 149.88 37.57 31.72 31.28 

20:30 8.40 20.01 29.25 15.17 150.07 4.56 0.00 11.39 150.24 38.42 31.84 31.37 

 

Exchangeable sodium percent (ESP): 

Table (4) and Fig (8) showed decreases in 

exchangeable Na percentage was recorded with all 

application RS, AGR either individual or combine them. 

The treatment of gypsum combination   0.5% RS +10.2 

ton.fed-1 AGR was more effective in decreasing ESP 

than application RC or AGR alone, where ESP values 

decreased to 69.3, 66.3 and 59.1% in the 0-10, 10-20 

and 20-30 cm soil depth respectively compared to 

control. Also These results indicate that application by 

either 1.5% RS or 10.2 ton.fed-1 GR or combine 0.5% 

RS +10.2 ton.fed-1 AGR increase the Hydraulic 

conductivity by 2.18, 2.45 & 3.43 times and 1.96, 2.48 

& 2.58 times in the 0-10 and 10-20 cm soil depth 

respectively compare to control. These results due to 

water percolation was faster in soil with treated with 

gypsum. Also application of combine RS + AGR gave 

the highest increase in the H.C, this may be increasing 

aggregation and the proportion of water stable 

aggregates. ESP values were decreased by (31.9, 30 and 

22.8 %), (53.6, 47.3 and 48.1%) and  (58.3, 56.9 and 

50.1%) for 0-10, 10-20 and 20-30 cm soil depth 

application by 0.5, 1 and 1.5% RS, 6.8, 8.2 and 10.2 

ton.fed-1 AGR and combine 0.5% RS + each of 6.8, 8.2 

and 10.2 ton.fed-1 GR treatments respectively, relatively 
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Fig. 6. Changes of pH rates under different treatments by RS, AG and their combination in 0-10, 10-20 and 20-

30 cm soil layers 

 

 
Fig. 7. Changes of EC rates under different treatments by RS, AG and their combination in 0-10, 10-20 and 20-

30 cm soil layer

the ESP value of initial soil. ESP values was decrease 

with increasing the rates of treatments and the highest 

decrease of ESP values was with the combine 0.5% RS 

+ 10.2 ton.fed-1 AGR treatment.  

These results may be due to the role of gypsum in 

providing Ca2+ cation to replace the exchangeable Na+ 

on the exchange positions as observed by Sharma and 

Minhas (2005). This is most probably due to its rather 

contain adequate contents of Ca2+ ions. It could be 

attributed to presence of relatively high amounts of Ca2+ 

ion as a well-established practice for the amelioration 

and management of sodium saturated water/soils 

Amezketa et al. (2005). Also, ESP values decrease by 

leaching without using amendments was not 

considerable and the soil remained sodic with highly 

ESP values. However, the final ESP obtained after 

leaching with amendments gave the highest decrease % 

in ESP  values by using combine 0.5% RS + each of 

6.8, 8.2 and 10.2 ton.fed-1 AGR. This effect is more 

pronounced in the surface layer. Surface applied water 

would pass through the surface applied amendment and 

infiltrate the top layers allowing exchange process 

between Ca2+ and Na+ (El-Sharawy et al., 2008). ESP 

values increased with increasing soil depth with similar 

trend to EC and SAR, agreement with Moustafa (2005) 

who found that the application of gypsum, farmyard 

manure and gypsum + farmyard manure lead to 

decrease ESP with the increasing rates of gypsum 

+farmyard manure treatment. Data in table (6a, 6b , and 

6c) reveal that, it was decrease highly significant differ 

among amendments, also among different rates of 

amendments in each of 0-10, 10-20 and 20-30 cm soil 

layers. 

Spinach growth yield:-  

Table (5) showed that values of fresh weight of 

yield / pot, increased significantly with the application 

of both RS, AG and their combination as compared to 

control treatment Also, results indicated that fresh 

Spinach yield increased gradually by increasing the 

rates of RS, AG 
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Fig. 8. Changes of ESP rates under different treatments in 0-10, 10-20 and 20-30 cm soil layers 

 

conditioners. Moreover, combine of RS+ AG treatment 

had recorded the highest values of fresh weight yield as 

compared to those given by AG or RS conditioners. The 

obtained results that good evidence that AG application 

promotes growth of plants and it has been found to have 

a positive effect on productivity of fresh Spinach yield. 

There was an increasing interest in the potential use of 

AG as soil amendment, where the addition of AG 

improves the soil physical and chemical properties. The 

fresh yield of Spinach yield was higher in soils 

receiving AGR amendment as compared to RS. The 

highest shoot Spinach yield was, obtained by treatment 

different rates of RS, AGR and combine of 0.5% RS + 

each of 6.8, 8.2 and 10.2 ton. fed-1 AGR, where the 

increasing rates of fresh weight yield were 37.32, 71.58 

& 82.58 of 0.5, 1 and 1.5 % RS,  71.58, 115.76 & 

123.23% of AGR and 127.62, 131.37 & 135.79 of 

combine 0.5% RS  + 6.8, 8.2 and 10.2 ton/ fed-1 AGR 

respectively, compared to control.  

Table 5. Effect of different rates of rice straw, gypsum and their combination amendments on fresh 

spinach yield productivity. 

Treatments  rates 
Fresh Wei.(Y. 1) 

Per . gm/ pot 

Rank Mean 

of  treatment 

Fresh Wei. (Y. 1) 

Per. Kg/ fed 

Rank Mean of  

treatment 

R. S (%) 

0.5 % 44.73  h 

c 

3825.6  h 

c 1.0% 55.85  g 4776.7  g 

1.5 % 59.43  f 5082.9  f 

AGR. (ton.fed-1) 

6.8 ton/fed 55.85  g 

b 

4776.7  g 

b 8.2 ton/fed 70.23  e 6006.6  e 

10.2 ton/fed 72.66  d 6214.4  d 

Combination 

(RS%+ AGR 

ton.fed-1) 

0.5%RS + 6.8 AG 74.09  c 

a 

6336.7  c 

a 0.5% RS + 8.2 AG 75.31  b 6441.1  b 

0.5% RS+ 10.2 AG 76.75  a 6564.2  a 

Control 32.55  i d 2783.9  i d 

Sign *** *** *** *** 

LSD 0.05 of rates 1.22 0.702 18.25 10.54 

Fresh weight. Y 1 = fresh weight of yield per gm / pot of treatments (productivity/ treatment). 

Fresh weight. Y 2 = fresh weight of   yield per kg /fed. of treatments 
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Table 6a.  Statistical analysis ANOVA of some physical and chemical soil properties under gypsum, rice straw 

ant their combination amendments and their rates for 0-10 cm 

Soil property BD F.C. A.W HC QDP SDP WHP FCP PR Ec ESP pH 

Treatment 
Sign. ** ** ** *** ** * ** ns ** *** *** ** 

LSD0.05 0.09 0.53 0.53 0.105 0.53 0.09 0.88 0.53 0.105 0.23 0.47 0.09 

Rates 
Sign. * * * ** * ns * ns * ** ** * 

LSD0.05 0.15 0.91 0.91 0.18 0.91 0.55 1.52 0.91 0.18 0.40 0.81 0.15 

Rank Mean of treatments addition 

R. S. b c c c c b b ab b b c c 

G.R.A b b b b b c b ab c c b b 

RS+GRA c a a a a b a b d c d d 

Control a d d d d a c a a a a a 

Rank Mean of treatments  rates addition 

RS 

0.5% ab e e g e b d ab b b b b 

1% bc d d f d b c ab c c c cd 

1.5% bc b b ef c cd bc ab e d d de 

AGR 

(ton. fed-

1) 

6.8 b d d g de bc c ab cd g d bc 

8.2 bc bc bc de d bc bc ab de f e ef 

10.2 bc cd cd cd c cd bc ab ef ef e fg 

RS+AGR 

0.5% +6.8 bc bc bc c b cd b b fg e f de 

0.5%+8.2 bc b b b ab cd b b gh f g fg 

0.5%+10.2 c a a a a de a ab h h g g 

control a f f h f a e a a a a a 

 

Table 6b. Statistical analysis ANOVA of some physical and chemical soil properties under gypsum, rice straw 

ant their combination amendments and their rates for 10-20 cm 
Soil property BD F.C. A.W HC QDP SDP WHP FCP PR Ec ESP pH 

Treatment 
Sign. ** ** ** ** *** ** ** * ** ** *** ** 

LSD0.05 .035 0.53 0.53 0.09 0.53 0.53 1.02 0.82 0.105 1.20 0.9 0.09 

Rates 
Sign. * * * ** ** * ns ns * * ** * 

LSD0.05 0.02 0.98 0.91 0.15 0.91 0.91 1.76 1.42 0.18 0.70 1.55 0.15 

Rank Mean of treatments addition 

RS. b b b c c b ab ab b b b b 

G.R.A c c b b b c b b c d c c 

RS+GRA d a a a a bc a ab d c d d 

Control a d c d d a c a a a a a 

Rank Mean of treatments  rates addition 

RS % 

0.5% b ab de e f d ab ab b b b b 

1% c cd f bc e bc bc bc b c c b 

1.5% d bc cd c d d ab bc c d d cd 

GR. 

(tonfed-1) 

6.8 b d de d e bc c bc b f d c 

8.2 c cd ef c d e bc bc c ef e de 

10.2 d cd ab a d cd ab c c f f ef 

RS+GR 

0.5% + 6.8 d c a bc c b ab bc d d ef ef 

0.5%+ 8.2 e ab cd b b de ab bc d de f fg 

0.5%+10.2 e a bc a a e a bc e f g g 

control a e g f f a d a a a a a 

 

Table 6c. Statistical analysis ANOVA of some physical and chemical soil properties under gypsum, rice straw 

ant their combination amendments and their rates for 20-30 cm 
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soil property BD F.C. A.W HC QDP SDP WHP FCP PR Ec ESP pH 

Treatment 
Sign. ** *** ** ** *** *** *** ** ** *** *** *** 

LSD0.05 0.105 0.47 0.35 0.105 0.32 1.04 0.21 0.14 0.11 0.35 0.25 0.05 

Rates 
Sign. * ** * * ** *** ** ** * * ** * 

LSD0.05 0.18 0.72 0.61 0.18 0.55 1.8 0.37 0.25 0.18 0.6 0.43 0.09 

Rank Mean of treatments addition 

RS. b b c b c b c a c b b b 

G. R. bc c b b b c b d b c c c 

RS+ GR c a a a a b a c d c d d 

Control a d d c d a d b a a a a 

Rank Mean of treatments  rates addition 

RS % 

0.5 ab b b c f i de a c b b b 

1 ab e b bc f c e cd d bc c b 

1.5 b c c b e e f a ef d d c 

GR. 

(ton. fed-1) 

6.8 ab f b c d d cd g b de e c 

8.2 ab e b c d j d de de d f d 

10.2 b e b a d f C f de d g d 

RS+GR 

0.5% + 6.8 b d b b c b d bc f c f de 

0.5%+ 8.2 b b a a b g b ef f d g e 

0.5%+10.2 b a a a a h a e g e h f 

control a g d d g a g b a a a a 

CONCLUSION 

Based on the aforementioned discussion, it can be 

concluded that the usage of any amendment (RS , 

Gypsum   either individual or combine them in this 

study ) was positively significant. affect on 

Amelioration of the soil physical properties i.e., H.C., 

AW, QDP, WHP and porosity, it were increased. On the 

contrary, the soil chemical properties i.e., EC, pH and 

ESP, it were decreased of saline sodic soil in El-Tina 

Plan. The superiority of the treatment combine of RS 

with different rates of AGR were effected in improving 

soil physical and chemical properties. It was quite clears 

that it highly significant increased hydraulic 

conductivity. Also, ESP values decrease by leaching 

without using amendments (control) was not 

considerable and the soil remained sodic with highly 

ESP values. However,  the final ESP obtained after 

leaching with amendments gave the highest decrease % 

in ESP values by using combine 0.5% RS + each of 6.8, 

8.2 and 10.2 ton. fed-1 AGR). Also, the fresh yield of 

Spinach was higher in soils receiving with increasing 

rates of Agricultural gypsum amendment as compared 

to RS. The highest fresh Spinach yield was, obtained by 

treatment by combine of 0.5% RS + each of 6.8, 8.2 and 

10.2 ton. fed-1 AGR. 
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 الملخص العربي

 شمال سيناء –تحسين بعض الخواص الطبيعية للأرض الملحية الصودية بمنطقة سهل الطينة 
هدى عبده ايليا

الهدف من هذا البحث هو دراسة تأثير كلا من قش الأرز 
ومخلوطهما على تحسين الخواص الفيزيائيةة أوالجبس الزراعى 
بةةةةة ملحيةةةةة اخةةةةذن عيرةةةةة تر  لتحقيةةةةك ذلةةةة و  .والكيميائيةةةةة للتربةةةةة

رملةةةى مةةةن الطبقةةةة السةةةطحية ذان قةةةوام طميةةة  طيرةةة  صةةةودية 
التابعةةةةةة لمرطقةةةةةةة سةةةةةه  الطيرةةةةةةة   4سةةةةةمق مةةةةةن قريةةةةةةة  0-30)

ح أجريةةن تجربةةة صةةوبة مصةةرح حيةةث –محافظةةة اةةما  سةةيرا  
ح تةةةةةم اسةةةةةتخدام ثلاثةةةةةة 2019/  2018خةةةةةلا  فصةةةةة  الاةةةةةتا  

٪ وايضةا  ثلاثةة  1.5و 1  0.5من قةش الأرز وهةى  مستويان
طةةن/  10.2  8.2  6.8ن الجةةبس الزراعةة  وهةةى معةةد ن مةة

ذلةة  بعةةد حسةةاي ا حتياجةةان الجبسةةية اللازمةةة لخفةة   فةةدان 
   60  50رسبة الصوديوم المتباد  لعيرة التربة الكرترو  الى 

% على التوالى بالإضافة الى ثلاثةة معةد ن مةن مخلةوط  75
 /طةةن 10.2  8.2  6.8+ كةةلا مةةن  % مةةن قةةش الأرز 0.5

ط هذه المعد ن بالتربة وتحضةيرها راعىح  تم خلفدان جبس ز 
سم  قبة  الزراعةةح تةم زراعةة  30بعمك أصص لمدة اهر فى 

كمحصةةةو  دليلةةةىح تةةةم  2018ديسةةةمبر  1ربةةةان السةةةبار  فةةة  
تحديةةةد كميةةةة ميةةةاه الةةةري وذلةةة  عةةةن طريةةةك وزن الأصةةةص ثةةةم 
 الوصو  بالمحتوى الرطوبى لك  معاملة الى السةعة الحقليةة +

رن الرتةةائا التةة  تةةم الحصةةو  كإحتياجةةان يسةةيليةح أاةةا 15%
أو  (RS) عليهةا الةى أن زيةادة معةد  الإضةافة  مةن قةش الأرز

أدن الى زيادة كلا مةن   (AGR) الزراعية ا حتياجان الجبسية
قةةةةدرة التربةةةةة علةةةةى ا حتفةةةةاظ بمحتةةةةوى رطوبةةةةة أعلةةةةى   وزيةةةةادة 

التربةةة للمةةا  المسةامية الكليةةة وايضةا  زيةةادة كةةلا مةن مسةةام حفةظ 
والتوصةةةي  الهيةةةدروليكىح ايضةةةا  ان اضةةةافة المحسةةةران باةةةك  
عةةةةام ادن الةةةةى ارخفةةةةا  كةةةةلا مةةةةن الكثافةةةةة الظاهريةةةةة للتربةةةةة  

مقاررةة بةةالكرترو ح وان  EC, ESP, pHللإختةراك ومقاومةة التربةة
ادى  الأرز أوالجةةبس الزراعةةىزيةةادة معةةد  الإضةةافة أى مةةن قةةش 

طبيعيةةة والكيماويةةة التةةى تةةم زيةةادة تحسةةين خةةواص التربةةة الالةةى 

بيرما كان التةأثير ا كثةر فعاليةة علةى تحسةين خةواص  .دراستها
التربة الطبيعية والكيماويةة هةى معاملةة  الخلةط بةين قةش الأرز 
والجةةبس الزراعةةىح بيرمةةا كةةان افضةة  المعةةاملان علةةى تحسةةين 

طةةن / فةةدان  10.2% قةةش الأرز +  0.5هةةذه الخةةواص هةةى 
ير هةةةةذه المعةةةةاملان فةةةةى الطبقةةةةة وكةةةةان تةةةةأث  جةةةةبس زراعةةةةىح
 30-20  >سةةم  20 -10سةةم    10-0السةةطحية للتربةةة 

زادن قةد   WHP و  QDP و H.C و AW و FC سةمح كمةا أن قةيم
بزيةةادة معةةد  اضةةافة  كةةلا مةةن قةةش الأرز والجةةبسح عةةلاوة علةةى 

 6.8كةةةةلا مةةةةن  + مةةةةن قةةةةش الأرز %0.5  ذلةةةة  معاملةةةةة الخلةةةةط
ن الجبسةةية أدى الةةى طةةن / فةةدان مةةن ا حتياجةةا 10.2و 8.2و

تةةةةأثير معرةةةةوى موجةةةةي علةةةةى كةةةةلا مةةةةن السةةةةعة الحقليةةةةة والمةةةةا  
الميسر والتوصي  الهيةدروليكى ومسةام الصةرف السةريل بالتربةة 

مقاررةةة بالتربةةة المعاملةةة بقةةش الأزر  ومسةةام حفةةظ التربةةة للمةةا 
الجبس الزراعى عرد اى معةد  مةن الأضةافةح بالإضةافة الةى أو 

بيةةةةةةر فةةةةةة  مقاومةةةةةةة التربةةةةةةة كذلةةةةةة  ارخفةةةةةةا  معرةةةةةةوى  باةةةةةةك  
للإختةةراك  الكثافةةة الظاهريةةة ومسةةام التربةةة الاةةعرية )الدقيقةةةقح 

 ااةةارن الرتةةائا ايضةةا  الةةى وجةةود ارخفةةا  بسةةيط فةةى قةةيم ا و 
ESP   بةةةةةدون اى فةةةةةى حالةةةةةة الكرتةةةةةرو  أى فةةةةةى حالةةةةةة ال سةةةةةي

عاليةةةة   ESP اضةةةافان حيةةةث أاةةةارن الرتةةةائا الةةةى وجةةةود قةةةيم
ال سي  مل الإضةافان فى حالة  للكرترو   وعلى العكس من ذل 

٪ 0.5باسةةتخدام الخلةةط بةةين ESP يموكةةان  أعلةةى ارخفةةا  فةة  قةة
طةةةةن/ فةةةةدانح  10.2و  8.2و 6.8مةةةةن قةةةةش الأرز +كةةةةلا مةةةةن 

واظهةرن الرتةةائا ايضةةا  ان زيةةادة محصةو  السةةبار  فةة  التربةةة مةةل 
زيةةادة معةةد ن الإضةةافة مةةن  الجةةبس الزراعةة  بالمقاررةةة مةةل قةةش 

ى أعلةةةةى محصةةةةو  مةةةةن السةةةةبار  فةةةة  لةةةةتةةةةم الحصةةةةو  ع .زالأر 
 8.2و 6.8+ كةةةلا مةةةةن  قةةةةش الأرز %0.5  طمعةةةاملان الخلةةة

 .طن/ فدان من الجبس الزراعى 10.2و


