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ABSTRACT: Effective use of salt affected soils needs the development of the most 
efficient and suitable reclamation technology to optimize farm management and better 
crop yields. Different chemical methods and amendments are used to reclaim the salt 
affected soils, and after reclamation such soils may be used for sustainable agricultural 
production. Choice of a chemical amendment depends on its availability, cost, handling 
and time of application. A field experiment was conducted for two successive winter 
seasons 2014/2015 and 2015/2016 at Sahl El-Hossinia Agric. Res. Station, El-Sharkia 
Governorate, Egypt, to evaluate two tillage methods (surface and subsurface) and three 
soil amendments (elemental sulphur "S", gypsum "Gy", compost "Co", compost + 
sulphur, compost + gypsum, gypsum + sulphur and compost + sulphur + gypsum) on 
some soil properties and wheat yield. The studied treatments were arranged within the 
experimental units in a split plot design in three replicates. Statistical analysis of grains 
and straw yield data showed that all the added amendments significantly increased the 
grains and straw yield of wheat compared with control. The addition of Gy+Co+S was the 
most effective addition in increasing the grains and straw yield in surface and 
subsurface tillage. Also, it is clear that grains and straw yields of wheat in the treatments 
of subsurface tillage were slightly higher than those in the treatments of surface tillage. 
Data showed that all applications of soil amendments under different tillage methods 
decreased soil pH and EC, but there is an increase in the values of organic matter and 
cation exchange capacity. This effect is more obvious in case of applying Gy+Co+S. 
Subsurface tillage associated by high values of O.M (%) and CEC (c.mole) than surface 
tillage. Soil OM (%) and CEC (c.mol/kg) were significantly increased as a result of added 
amendments. Data showed that values of total dry stable aggregates (DSA) and water 
stable aggregates (WSA) were increased in all treatments under study compared to 
control. The highest increase in values of total stable aggregates (DSA and WSA) was 
observed in the treatment of Gy+Co+S with subsurface tillage method compared to the 
treatments of surface tillage method and control. The highest values of hydraulic 
conductivity, total porosity, field capacity and available water were found by applying 
Gy+Co+S treatment in subsurface tillage method compared to control and other 
treatments of surface and subsurface tillage. The values of soil bulk density at different 
soil depths of all treatments were relatively low and the maximum decrease exists in 
case of the treatment Gy+Co+S with subsurface tillage method compared to other 
treatments and control. Generally, it can be concluded that gypsum, sulphur and 
compost application had decreased the hazardous effect of salinity of soil and hence 
exerted favorable effects on growth and yield of wheat. Subsurface tillage method 
improved soil chemical and physical properties which are reflected on growth and grain 
yield of wheat compared with the surface tillage method. 
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INTRODUCTION 

Among environmental stresses, soil 
salinity is one of the most important 
threats to sustainable agriculture of arid 
and semi-arid regions of world. Salt 
affected soils occupy wide regions 
scattered all over the world (about 954 
millions hectares), (Szaboles, 1989). In 
meantime, salt stress is one of the most 
serious limiting factors for crop growth 
and production in arid and semi-arid 
regions. In Egypt, the north regions, 
particularly of northeastern Delta, are 
mainly saline or saline-sodic soils with 
heavy texture. El-Hossinia plain is one of 
the new reclaimed saline-sodic soils after 
drying a large area from El-Manzala Lake. 

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 both EC and ESP values 
significantly decreased with different 
treatments, especially with application of 
farmyard manure mixed with gypsum. 

Abd Elrahman et al. (2012) stated that 
application of soil amendments gypsum 
(4.64 ton/fed), citric acid (1.31 ton/fed), 
farmyard manure (51.3 ton/fed), compost 
(71.7 ton/fed) and the combination of 
them decreased soil pH values when 
compared to the control. The treatment 
50% gypsum + 50% compost had 
decreased pH values and increased 
wheat yield significantly. In general, 
subsurface layers (15–60 cm) showed 
higher values of soil pH compared with 
the surface one (0–15 cm). Moustafa 
(2005) found that application of gypsum 
reduced pH values in the alkali soil with 
maximum decrease in the upper layer (0–
20 cm). 

Application of different amendments 
as gypsum, compost and farmyard 
manure under irrigation with drainage 
water caused pronounced reductions in 
the EC values compared to the control. 

The highest effect in decreasing EC 
values was obtained by the treatment of 
50% gypsum + 50% FYM. Generally, 
surface layers had lower EC values than 
the subsurface ones. This may be due to 
increasing leachability of soluble and 
exchangeable Na+ throughout the soil 
profile (Abd Elrahman et al., 2012). 
Beheiry et al. (2005) reported that 
addition of organic manures decreased 
soil salinity and they attributed that to 
improving physical properties of the soil 
which in turn facilitate the leaching of 
salts outside from the root zone. 

Abd Elrahman et al. (2012) found that 
addition of Gypsum and compost 
improved, relatively their chemical 
properties which in turn promote plants 
growth, improve general plant vigor and 
encourages their yields. The highest 
effect in increasing yield was obtained 
from the treatment 50% gypsum + 50% 
compost. Singh et al. (1989) reported that 
application of gypsum reduced pH and 
improved soil physical properties, which 
together were reflected on the yield and 
this effect was increased when gypsum 
combined with organic manure. 

Generally, significant improvement 
occurred due to the use of gypsum and 
sulphur on saline-sodic soils as sources 
of Ca and S. The increases in wheat yield 
and its contents is due to the (1) 
displacement of sodium by calcium, (2) 
decreasing soil pH and increasing the 
nutrient use efficiency of the crop, (Bello, 
2012). From the above mentioned results, 
it can be concluded that gypsum and 
sulphur application decreased the 
hazardous effect of salinity and sodicity 
of both soil and irrigation water and 
hence exerted favorable effects on 
growth and nutrient contents of wheat. 

Ahmed et al. (2016) studied the effect 
of different amendments on wheat grain 
and straw yield, data showed a 
noticeable effect of all the treatment used 
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than control (no amendment). Overall 
mean values for grain yield (3.11 Mg ha-1) 
was highest in gypsum, followed by 
Sulfur which were statistically alike. 
While control led to minimum grain yield 
of 1.60 Mg ha-1, in comparison with those 
of applied treatments. They found a 
progressive increase in case of straw 
yield (4.73 Mg ha-1) was computed in 
gypsum followed by sulphur (4.64 Mg ha-

1). While lowest straw yield (2.16 Mg ha-1) 
was given by control. 

Elemental sulfur is considered as an 
adequate and cost effective amendment 
for soda-saline soils (Tarek et al., 2013) 
and recommended when soil pH exceeds 
6.6 for the purpose of reducing pH this 
changes in soil pH can mobilize nutrients 
from unavailable phases to available 
pools therefore increasing P and 
micronutrient availability. 

Sulphur is an essential element for 
plant growth as it helps in synthesis of 
peptides, various secondary metabolites, 
vitamins and chlorophyll in the cell 
(Abdallah et al., 2010). Plants need sulfur 
in same amount as phosphorus, and for 
the proper soil nutrient balance, 
optimizing crop yield and good quality 
produce it is very important to apply 
optimum amount of sulfur in the soil 
along with other nutrients, which are 
necessary for plant (Jez, 2008). 

Rice-wheat crop rotation was adopted 
in a saline-sodic field (electrical 
conductivity of soil extract = 6.10 dS m-1, 
pH of soil saturated paste = 9.21, and soil 
gypsum requirement (SGR) of 9.10 t ha-1 
for 0-15 cm soil depth). The treatments 
included were: control, gypsum 
application 100% of SGR, sulfur 
application 25, 50, 75, 100 & 125% of 
SGR. Analysis of four-year pooled data 
indicated that varying levels of sulfur and 
gypsum significantly improved soil 
chemical properties and wheat yield. 
Results showed that sulfur at 125 & 100% 
of SGR gave similar results as that of 

gypsum at 100% of SGR in terms of 
growth and yield of wheat and reducing 
pH, electrical conductivity (Ahmed et al., 
2017). 

Hossein et al., (2017) investigated the 
effects of different tillage methods on 
some soil aggregation properties and 
wheat yields. The results showed that 
tillage methods were significant at 
(P<0.01) as regards crop yields, and the 
highest yields as 6249 and 11720 kg/ha 
for wheat grain and biomass were 
produced in sub soil tillage, respectively. 
Sub soil was significant at (P<0.05) with 
2.063 mm as to mean weight diameter 
(MWD) value. The sub soil was 
statistically in the same group with 
regard of water stable aggregates (WSA) 
value, and it was significant at (P<0.05) 
with 67, 83%. Bulk density, total porosity 
and air porosity values were significant 
at (P<0.05). Field capacity (FC) and 
permanent wilting point (PWP) were 
significant at (P<0.05) and (P<0.01) with 
31.89% and 17.21% values in the chisel 
treatment, respectively. 

Soil tillage is among the important 
factors affecting soil properties and crop 
yield. Among the crop production 
factors, tillage contributes up to 20% 
(Khurshid et al., 2006). The judicious use 
of tillage practices overcomes edaphic 
constraints, whereas inopportune tillage 
may cause a variety of undesirable 
outcomes, for example, soil structure 
destruction, accelerated erosion, loss of 
organic matter and fertility, and 
disruption in cycles of water, organic 
carbon, and plant nutrient (Lal, 1993). 
Reducing tillage positively influences 
several aspects of the soil whereas 
excessive and unnecessary tillage 
operations give rise to opposite 
phenomena that are harmful to soil.  

Mohammadi et al. (2013) studied the 
effect of three types of tillage including 
conventional tillage (moldboard plow to 
soil depth of 30 cm), minimum tillage 
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(chisel plow to soil depth of 15 cm) and 
no-tillage on soil properties and wheat 
production. Results showed that the 
greatest bulk density was found in the 
minimum tillage and no tillage methods. 
The highest rate of grain yield was 
obtained in the minimum tillage method. 
Minimum tillage improved soil physical 
properties and wheat growth compared 
with the other tillage methods. 

Alam et al. (2014) investigated the 
effects of medium-term tillage practices 
on soil properties and crop yields in Grey 
Terrace soil of Bangladesh under wheat-
mungbean-T. aman cropping method. 
Four different tillage practices, namely, 
zero tillage (ZT), minimum tillage (MT), 
conventional tillage (CT), and deep tillage 
(DT), were studied. Tillage practices 
showed positive effects on soil 
properties and crop yields. After four 
cropping cycles, the highest OM 
accumulation, the maximum root mass 
density (0–15 cm soil depth), and the 
improved physical and chemical 
properties were recorded in the 
conservational tillage practices. Bulk and 
particle densities were decreased due to 
tillage practices, having the highest 
reduction of these properties and the 
highest increase of porosity and field 
capacity in zero tillage. The highest BD 
reduction (6.41%) was found in ZT 
followed by MT (3.95%), while DT showed 
the lowest reduction. porosity was 
increased from the initial value (6.2, 2.9, 
and 0.69% increase in ZT, MT, and CT, 
resp.). The field capacity (FC) was also 
increased due to different tillage 
practices. The highest FC increase 
(14.65%) was found in ZT followed by MT 
(8.52%). CT showed the lowest increase 
of field capacity from the first year value. 
Permanent wilting point (PWP) was also 
influenced by the different tillage 
practices. After four years, the permanent 
wilting point was decreased due to tillage 
practices. The highest reduction (11.91%) 
was found in ZT followed by CT (8.32%) 

and the lowest reduction (1.13%) in DT. 
the yield gap was very minimal 
(negligible) among different tillage 
practices, though the deep tillage 
showed the highest yield. In the case of 
straw yields, a similar trend was found. 

Gholami et al. (2014) studied the 
effects of different tillage methods on 
some parameters such as soil salinity 
(pH, EC, SAR), soil density and nutrients 
in a nested experimental design with 
three treatments (no tillage, reduced 
tillage and conventional tillage). By 
changing tillage method from 
conventional tillage to no tillage, soil bulk 
density and porosity changed to a range 
of 1.41 to 1.29 gr.cm-3 and 47.58 to 
52.45%. Likewise, the no tillage had the 
highest electrical conductivity (1.78 
decisiemens) and sodium adsorption 
ratio (9.22) and the lowest amount of 
acidity (7.65). In the case of the 
conventional tillage method, the lowest 
electrical conductivity (1.19 decisiemens) 
and sodium adsorption ratio (7.52) and 
the highest acidity (7.77) was observed. 
Although soil salinity and density under 
the conventional tillage treatment 
compared to the no tillage method show 
lower values, but it seems that 
improvement of the physiochemical 
properties of soil in the long-term 
approach is different from the short-term.  

Wheat (Triticum aestivum L.) is the 
most important cereal crop in Egypt. 
Increasing wheat production is an 
essential national target to fill the gap 
between production and consumption, 
(Zeidan et al., 2009). The new goals of the 
Egyptian agricultural policy are to 
increase the local wheat production 
through the expansion of the cultivated 
area and optimization of agricultural 
inputs. The strategy of the Ministry of 
Agriculture is to increase the cultivated 
wheat area in the newly reclaimed lands 
and breeding high yielding varieties. 
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Wheat cultivars differed in growth 
characters (EL-Habbasha et al., 2008). 

The objective of the present study is 
to evaluate the use of two tillage methods 
(surface and subsurface) and three soil 
amendments (sulphur, gypsum and 
compost and their combination) in clay 
loam soil properties and wheat (Triticum 
aestivum, L.) (Masr, 2) productivity under 
newly reclaimed saline soil conditions.  
 
MATERIALS AND METHODS 

A field experiment was conducted for 
two successive winter seasons 
2014/2015 and 2015/2016 at Sahl El-
Hossinia Agric. Res. Station, El-Sharkia 
Governorate, Egypt, located at 31o 8' 
12.461" N latitude and 31o 52' 15.496" E 
Longitude, to evaluate the use effect of 
two tillage methods (surface and 
subsurface) and three types of soil 
amendments (sulphur, gypsum and 
compost and their combination) on clay 
loam soil properties and wheat ( Triticum 
aestivum, L.) (Masr, 2) productivity under 
newly reclaimed saline soil conditions. 

In both seasons, each experiment was 
carried out in a split plot design with 
three replicates. The tillage methods 
(surface and subsurface) were treated as 
main plots, while the treatments of 
sulphur, gypsum and compost and their 
combination were distributed at random 
in the sub plots. The experimental area 
was one faddan (4200 m2) which divided 
into two divisions representing tillage 
methods, surface and subsurface. Each 
division was divided into eight units plots 
representing the treatments of:  

1- Control "C". 
2- Elemental sulphur "S" 4.0 ton/ fed. 
3- Gypsum "Gy" 4 ton/ fed. 
4- Compost "Co" 4 ton/ fed. 
5- Compost "Co" 2 ton/fed + sulphur "S" 

2.0 ton/fed. 

6- Compost "Co" 2 ton/fed + gypsum 
"Gy" 2 ton/fed. 

7- Gypsum "Gy" 2 ton/fed + sulphur "S" 
2.0 ton/fed. 

8- Compost "Co"2 ton/fed + sulphur "S" 
2.0 ton/fed + gypsum "Gy" 2 ton/fed. 

So, the experiment units were 48 
plots, where the area of each plot was 87 
m2 (10 X 8.7 m). Wheat grains (Masr 2) 
were sown at 25 of November 2014 and 
2015. The grains of wheat (Masr 2) were 
obtained from Crop Research Institute, 
Agriculture Research Center, Giza, Egypt. 
Different treatments of soil amendments 
were carried out before planting by 25 
days and mixed with the surface soil (0-
15 cm). El-Salam Canal (Nile water mixed 
with agricultural drainage water 1:1) was 
irrigation water resource in the studied 
area. 

Before planting, surface soil samples 
(0-30 cm) of the studied area were taken, 
air dried, ground, mixed and sieved 
through a 2 mm sieve. Some physical 
and chemical properties of the sieved 
soil sample were carried out according to 
the methods described with the soil 
samples taken after plant harvesting, and 
the obtained data were recorded in Table 
(1). The main properties of both compost 
and irrigation water were carried out as 
described by Richards (1954) and the 
obtained data were recorded in Tables (2 
and 3).  

Calcium super phosphate (15.5 % 
P2O5) was added at 200 kg calcium super 
phosphate/fed during soil preparation. 
Urea (46 % N) was used as N fertilizer at 
application rate of 100 kg N/fed, where 
it’s applied in 3 equal doses after 21 , 45 
and 60 days of planting. Potassium 
sulphate (48 % K2O) at 70 kg/fed was 
added on two equal doses after 21 and 45 
days of planting. Wheat crop was 
harvested at 15 may 2015 and 20 may 
2016. 
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Table (1): Physical and chemical properties of the studied soil before planting 

Coarse sand  
(%) 

Fine 
sand 
( %) 

Silt 
(%) 

Clay 
(%) 

Texture 
class 

O.M 
(%) 

CaCO3 
(%) 

CEC 
c 

mol/kg 
soil 

6.37 24.96 33.52 35.15 Clay Loam  0.46 7.50 36.65 

pH  
(1:2.5) 

EC 
(dS/m) 

B.D 
(g/cm3) 

T.P 
(%) 

Soil moisture constants (%) 

8.12 9.12 1.55 41.51 F.C. W.P. A.W. 

 30.60 16.07 14.53 

Dry aggregates diameter (mm) 

10-2 2 - 1 1- 0.50 0.50-0.25 0.25-0.125 0.125-0.063 <0.063 

50.32 25.35 11.54 7.08 1.21 3.00 1.50 

Wet aggregates diameter (mm) 

10-2 2 - 1 1- 0.50 0.50-0.25 0.25-
0.125 0.125-0.063 Total (TSA) 

6.00 3.00 11.00 6.22 4.18 2.62 33.02 
BD= Bulk density   Average of real density (g/cm3) =2.65  T.P. =Total porosity.  F.C = Field Capacity.       

       A.W =    Available Water.   W.P = Wilting Point. 
 
Table (2): Main properties of the compost used in the experiment  

EC(dS/m) 
(1:5) 

(Manure: 
water extr.) 

pH 
(1:10) 

(Manure: 
water sus.) 

Bulk 
density 
(g/m3) 

Water  
holding 
capacity 

(%) 

 
O.M 
(%) 

 
C/N 
ratio 

Total nutrients (%) 

N P K 

5.76 7.25 0.35 160 37.69 13.1 1.83 0.88 2.23 

 
Table (3): Irrigation water properties  

pH 
EC 

dS/m 
Cations Anions 

SAR 
Ca2+ Mg2+ Na+ K+ Cl- CO3

2- HCO3
- SO4

2- 

8.04 1.66 3.07 4.29 8.16 0.41 6.74 - 3.83 5.73 4.25 
 

Soil sampling:  
After plant harvesting, undisturbed 

and disturbed soil samples were 
collected from experimental plot at each 
0- 30, 30-60 and 60-90 cm soil depth, in 
the two seasons. The soil samples were 
air dried and analyzed for some physical 
and chemical characteristics, i.e., soil EC 
(ds m-1), pH, organic matter, total calcium 
carbonate and cation exchange capacity 
according to the methods described by 
Cottenie et al. (1982). Particle size 

distribution was carried out by the 
pipette method described by Gee and 
Bauder (1986) using sodium hexameta 
phosphate as a dispersing agent. Soil 
bulk density was determined using the 
undisturbed soil column according to 
Richards (1954). Total soil porosity was 
calculated as percentage from the 
obtained values of real and bulk densities 
(Richards, 1954). Stability of dry 
aggregates was determined according to 
the method of Richards (1954). Stability 
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of water stable aggregates was 
determined using the wet sieving 
technique described by Yoder (1936) and 
modified by Ibrahim (1964). The 
determination of soil moisture 
equilibrium values was carried out 
according to the methods described by 
Richards and Weaver (1944) and 
Richards (1947). Wilting point (W.P) was 
determined according to Stakman and 
Vanderhast (1962), while field capacity 
(F.C) was determined as described by 
Richards (1954). 
 
Statistical Analysis: 

The data of this study were 
statistically analyzed through analysis of 
variance (ANOVA) and least significant 
difference (LSD) at 0.05 probability level 
to make comparison among treatment 
means according to Gomez and Gomez 
(1984).  
 
RESULTS AND DISCUSSION 
1. Wheat grains and straw yields: 

The effect of sulphur, gypsum and 
compost addition on wheat yield (grains 
and straw) is shown in Table (4). It can be 
deuced that all of the used soil 
amendments treatments significantly 

increased the grains and straw yield of 
wheat compared with control treatment. 
The addition of Gy + Co + S resulted in 
highest increase in grains yield which 
were 3.56 and 3.90 ton/fed as a mean 
values of two growing seasons in surface 
and subsurface tillage, respectively. The 
same addition gave also the highest 
increase of straw yield, where the 
obtained straw yields were 4.40 and 4.76 
ton/fed in surface and subsurface tillage, 
respectively. These results are in 
agreement with those obtained by Bello 
(2012) and Ahmed et al. (2016), who 
observed a high increase in wheat straw 
and grain yields due to using sulphur and 
gypsum applications. Also, Abd 
Elrahman et al., (2012) deduced an 
increase in wheat grain after using 
compost in salt affected soil. Also, it is 
clear that grains and straw yields of 
wheat in subsurface tillage were slightly 
higher than those in surface tillage. This 
may be attributed to that using of 
subsurface tillage decreased pH and EC 
and improved soil physical properties 
which led to increase availability of 
nutrients and increase wheat yield.  Data 
agree with the results reported by 
Hossein et al. (2017).  

 
Table (4): Effect of tillage methods and soil amendments on yield of wheat plant (average 

of two seasons) 

Treatments 
Weight of grains yield (ton/fed) Weight of straw  yield (ton/fed) 

Tillage method  Tillage method  
Surface  Sub surface  Surface  Sub surface  

Control "C" 1.09    c 1.24   c 2.19   f 2.59   h 
Sulphur "S" 1.67   bc 1.79   c 2.24   f 2.66   g 

Gypsum "Gy"  1.69   bc 1.85   c 2.29   f 2.85   f 
Compost "Co" 1.58   bc 1.69   c 2.40   e  2.96   e  

Co + S 2.74   ab 2.87   b 3.25   d 3.19   c 
Co + Gy 2.69   ab 2.78   b 3.70   c 3.10   d 
Gy + S 3.14   a 3.20   ab 3.89   b 3.98   b 

Gy + Co + S 3.56   a 3.90   a 4.40   a 4.76   a 
LSD 5% 1.283 0.842 0.110 0.001 
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2. Soil chemical characteristics: 

The presented data in Table (5) show 
that, with both surface and subsurface 
tillage methods, soil chemical properties 
were substantially improved as a result 
of soil amendments applications. This 
improvement in the chemical properties 
may be discussed in the following points: 
 
2.a. Soil pH:  

Data presented in Table (5) shows a 
slight decrease in pH values of 
subsurface tillage than those of surface 
tillage. The data of soil pH indicates that 
soil pH values were decreased by 
additions of gypsum, sulphur and 
compost individually and their 
combination compared to control under 
two tillage methods. The highest 
decrease in pH values (7.93 and 7.89 in 
surface and subsurface tillage, 
respectively) was noticed with the 
combined treatments of the used soil 
amendments (Gy + Co + S). These data 
are in agreement with the results 
reported by Abd Elrahman et al. (2012), 
who observed a decrease in soil pH after 
using compost and gypsum. The positive 
effect of compost on improving soil 
chemical properties could be due to 
release of CO2 during the degradation 
process and thus decreased the 
precipitation of Ca2+ and CO3

2- ions in the 
CaCO3 form (Elgezairi, 2016). Gypsum 
could be oxidized biologically in 
presence of organic matter in soil to 
produce H2SO4 which react with native 
CaCO3 to form CaSO4 lowering the soil 
pH, with well-known effects upon the 
availability of some nutrients in the soil, 
then increasing their uptake and 
concentrations in plants that led to 
increasing plant yield. These results are 
in agreement with those of El-Banna et al. 
(2004) and Moustafa (2005) who observed 
a decrease in soil pH after gypsum 
application. 

In addition, with all treatments of soil 
amendments either with surface and 

subsurface tillage method, soil pH was 
increased with the increase of soil depth 
which in harmony with the soil content of 
organic matter. In this respect, El-Sanat 
(2003) obtained on similar results. 
 
2.b. Soil electrical conductivity 

(EC):    
Soil salinity after wheat harvest as 

affected by the used three soil 
amendments as given in Table (5) 
indicated that samples of subsurface 
tillage have a slight and no significance 
decrease in EC values than that of soil 
samples with surface tillage. Similar 
results were obtained by Rasouli et al. 
(2014) and El-Sanat (2003) who observed 
also a slight variance in EC values 
between different tillage methods. Data 
also cleared that application of such 
amendments significantly decreased soil 
EC (dSm-1) values when compared with 
the control. The treatment of gypsum + 
compost + sulphur has the highest effect 
in decreasing EC values followed by the 
treatment of gypsum + sulphur, then 
compost + sulphur and compost + 
gypsum, while compost treatment has 
the lowest decrease in EC values 
compared with the other treatments of 
the used soil amendments. These results 
are in agreement with those of Ahmed et 
al. (2016). Gypsum application as 
amendment could be oxidized 
biologically in presence of organic matter 
in soil to produce H2SO4 which is capable 
to mobilize base cations from the soil. 
The H+ ion in the acidic water displaces 
the cations from the exchange sites, 
reduces the exchangeable cations and 
increases the concentrations of these 
cations in the soil solution, hence 
decreasing soil EC. Similar results were 
obtained by Mahmoud et al., (2013). 

In addition with two tillage methods 
and also with all applications of the 
tested soil amendments, soil EC slightly 
increased with the soil depth increase. 
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This trend resulted from the soluble salts 
leached with irrigation water from surface 
layers to deeper layers. Before that, El-

Sanat (2003) obtained on similar results 
in salt affected soils in Northern Nile 
Delta. 

 
Table (5): Chemical properties of soil as affected by different treatment under study after 

Wheat harvest (average of two seasons) 
 

Treatments 
 

Soil 
depth 
(Cm) 

pH (1:2.5) EC (dS/m) O.M % CEC c mol/kg 
Surface 
tillage 

Sub 
surface  
tillage 

Surface 
tillage 

Sub 
surface 
tillage 

Surface 
tillage 

Sub 
surface 
tillage 

Surface 
tillage 

Sub 
surface 
tillage 

 
Control 

0-30 8.11 8.10 9.12 9.08 0.49 0.50 35.02 35.12 
30-60 8.11 8.10 9.15 9.12 0.48 0.50 35.02 35.11 
60-90 8.12 8.09 9.18 9.15 0.47 0.48 35.00 35.04 
Mean 8.11 8.09 9.15 9.12 0.48 0.49 35.01 35.09 

 
Sulphur 

0-30 8.06 8.05 7.25 7.21 0.51 0.52 36.11 37.00 
30-60 8.07 8.04 7.56 7.33 0.50 0.52 36.01 37.01 
60-90 8.07 8.02 7.59 7.03 0.52 0.53 36.00 36.99 
Mean 8.07 8.04 7.47 7.19 0.51 0.52 36.04 37.00 

 
Gypsum 

0-30 8.05 8.03 7.14 7.01 0.54 0.55 38.00 38.15 
30-60 8.06 8.02 7.22 7.00 0.55 0.56 37.58 38.11 
60-90 8.05 8.02 7.25 6.89 0.54 0.57 37.88 38.00 
Mean 8.05 8.02 7.20 6.97 0.54 0.56 37.82 38.09 

 
Compost 

0-30 8.08 8.06 8.12 8.02 0.51 0.52 36.00 36.25 
30-60 8.07 8.05 8.22 8.12 0.50 0.51 35.48 36.12 
60-90 8.06 8.04 8.25 8.08 0.50 0.52 35.46 35.88 
Mean 8.07 8.05 8.19 8.07 0.50 0.52 35.65 36.08 

 
Compost 
+sulphur 

0-30 7.99 7.99 6.11 6.01 0.60 0.61 39.55 39.88 
30-60 8.00 7.99 6.12 6.01 0.60 0.62 39.25 39.56 
60-90 8.01 7.91 6.23 6.12 0.58 0.63 38.00 38.77 
Mean 8.00 7.96 6.15 6.05 0.59 0.62 38.93 39.40 

 
Compost  + 

gypsum 

0-30 8.02 8.00 6.25 6.11 0.58 0.59 38.48 38.88 
30-60 8.02 8.00 6.55 6.09 0.57 0.58 37.99 38.02 
60-90 8.01 8.01 6.27 6.15 0.56 0.59 38.02 38.12 
Mean 8.02 8.00 6.36 6.12 0.57 0.59 38.16 38.34 

Gypsum+ 
suphur  

0-30 7.99 7.98 5.66 5.52 0.62 0.62 40.00 41.00 
30-60 7.99 7.94 5.67 5.53 0.62 0.63 40.02 41.05 
60-90 7.90 7.84 5.55 5.50 0.61 0.65 39.12 40.58 
Mean 7.96 7.92 5.63 5.52 0.62 0.63 39.71 40.88 

Gypsum+ 
compost 
+suphur 

0-30 7.97 7.96 5.44 5.32 0.66 0.67 42.00 43.00 
30-60 7.95 7.92 5.35 5.26 0.64 0.66 41.49 43.02 
60-90 7.88 7.80 5.43 5.22 0.64 0.67 41.99 42.89 
Mean 7.93 7.89 5.41 5.27 0.65 0.67 41.83 42.97 

LSD  5%  - - A=485 A=1079 A=125 A=132 A=101 A=240 
- B=ns B=ns B=ns 

A = Amendments treatments,    B = Tillage methods  
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2.c. Soil organic matter and cation 
exchange capacity: 

Organic matter is regarded as the 
ultimate source of nutrients and 
microbial activity in the soil. It is the 
deciding factor in soil structure, water 
holding capacity, infiltration rate, 
aeration and porosity of the soil. Data 
presented in Table (5) showed that all 
treatments increased the content (%) of 
O.M in soil under different tillage 
methods compared with control. 
Subsurface tillage produced slightly 
higher values of O.M than surface tillage. 
The highest increase in O.M values was 
noticed in the treatment of Gypsum + 
Compost + Sulphur. These results are in 
agreement with those of Muhammad and 
Khattak, (2009) who found that the 
application of compost resulted in overall 
increase of the soil organic matter level. 

The cation exchange capacity of the 
soil as affected by all treatments took the 
same trend of organic matter. This may 
be attributed to that soil organic matter 
encourages granulation, increases cation 
exchange capacity (CEC) and is 
responsible up to 90 % adsorbing power 
of the soils, (Brady and Weil, 2005). Data 
in Table (5) show that the CEC (c.mol/kg) 
was significant as affected by different 
fertilizer sources. The highest value of 
CEC was found in the treatment of 
Gypsum + Compost + Sulphur with 
values 41.83 and 42.97 in surface and 
subsurface tillage, respectively. El-Maaz 
et al., (2014) elucidated increase in O.M 
and CEC values in soil after using 
compost as amendment or fertilizer.  
 
3. Soil physical properties: 
3.a. Soil aggregation: 

Soil aggregation is one component of 
soil structure. Aggregation was clearly 
affected by the different treatments under 
study. Distribution of soil stable 
aggregates showed marked variations 
associated with different treatments. The 

aggregate categories studied in this 
experiment are of the following diameters 
(mm): 10-2 , 2-1 , 1-0.5 , 0.5-0.25 , 0.25-
0.125 , 0.125-0.063 and < 0.063. For 
reasons of data presentation they are 
designated as follows: very large, large, 
medium, sub-medium, small, very small 
and extremely small, respectively. Dry 
aggregation covered the 7 categories, but 
wet aggregation (because of its nature) 
covered the 6 categories. Data showed 
marked changes in all categories. 
Discussion will cover the three aggregate 
categories of very large, sub–medium 
and very small aggregates as 
representative for the effect of treatments 
on aggregation. 
 
3.a.1. Dry sieved stable 

aggregates (DSA): 
The distribution fractions (%) of dry 

sieved stable aggregates are illustrated 
in Table (6). It is clear that, the dominant 
diameters were for 10-2 and 2-1 mm in 
surface and subsurface tillage. While 0.5-
0.25 and 0.125-0.063 mm recorded the 
lowest diameter weights in surface and 
subsurface tillage, respectively. 
Concerning treatments of soil 
amendments, there was a slight increase 
in weights of 10-2 , 2-1 and 1-0.5 mm 
diameters in all treatments than control. 
The treatment of Gy + Co + S caused the 
highest increase and sulphur treatment 
induced the least increase. As well as, 
the almost of the percent of dry stable 
aggregates are increased with increasing 
the soil depth except large size 
aggregates which have diameters 10-
2mm. 

 
3.a.2. Water stable aggregates 

(WSA): 
Table (7) contains the values of water 

stable aggregates (WSA %) as well as 
distribution of aggregates size fractions. 
It can be deduced that, the mean values 
of aggregates having diameters between  
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2 to 1 and 1 to 0.5 mm were higher than 
other aggregates fraction diameters in 
most treatments under study in surface 
and subsurface tillage. Concerning 
treatments of soil amendments, data 
showed that values of total stable 
aggregates were increased in all 
treatments under study compared to 
control. The highest increase in values of 
total stable aggregates was observed in 
the treatment of Gy+Co+S compared to 
other treatments and control. The effect 
of both tillage methods and soil 
amendments on soil WSA are in similar 
at all different soil depths. Similar results 
were obtained by Rasool et al. (2007) who 
concluded that, the application of organic 
matter in saline soil promotes 
flocculation of clay minerals, which is 
essential for the aggregation of soil 
particles and play an important role in 
erosion control. The added organic 
matter aid to glues the tiny soil particles 
together into larger water stable 
aggregates, increasing bio pores spaces 
which increase soil air circulation 
necessary for growth of plants and 
microorganisms. These results are in 
agreement with those of Fliessbach et al. 
(2000) who reported that organic soil 
management improved the soil structure 
by increasing soil aggregate. It is 
obvious from the data that, total stable 
aggregates were affected by tillage 
methods. The highest value of total 
stable aggregates was obtained in the 
subsurface tillage method. So, we can 
say that the subsurface tillage method 
improved soil total stable aggregates. 
Our results are in agreement with the 
results of Hossein et al. (2017). 
 
3.b. Soil hydraulic conductivity (HC):  

Hydraulic conductivity refers to the 
rate at which water flows through soil. 
For instance with, soils well-defined 
structure contain a large number of 
macro pores, cracks, and fissures which 
allow for relatively rapid flow of water 

through the soil. Data in Table (8) show 
that the values of hydraulic conductivity 
were low and increased by adding 
different treatments compared to control. 
Data indicated that the values of 
hydraulic conductivity were higher in 
subsurface tillage than those in surface 
tillage. The highest values of hydraulic 
conductivity were observed by applying 
Gy+Co+S treatment with subsurface 
tillage method compared to other 
treatments and control with different 
tillage methods. Hydraulic conductivity 
was varied significantly due to 
fertilization treatments and tillage 
methods. Similar results were obtained 
by Tayel and Abdel Hady (2005), who 
reported that soil EC and pH had a higher 
direct effect on HC value through 
negative relationship and described on 
the base of soil alkalinity. Our results are 
in agreement with the results of Alam et 
al. (2014) and Gholami et al. (2014). 
 
3.c. Soil bulk density (BD):  

Organic matter reduces soil bulk 
density through increasing aggregation. 
Data in Table (8) indicate that, the values 
of soil bulk density of different soil 
profiles of all treatments were relatively 
low and the maximum decrease exists in 
case of the treatment Gy+Co+S with 
subsurface tillage method compared to 
other treatments and control. This is 
probably due to the organic fraction is 
much lighter in weight than the mineral 
fraction in soils. These results are 
confirmed with the results of Brown and 
Cottone (2011), who observed that 
compost application influences soil 
structure in a beneficial way by lowering 
soil density as a result for the admixture 
of low density organic matter into the 
mineral soil fraction. In addition, the 
organic fraction is much lighter in weight 
than the mineral fraction in soils. 
Accordingly, the increase in the organic 
fraction decreases the total weight and 
bulk density of the soil. Soil bulk density  
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was varied significantly due to 
fertilization treatments and tillage 
methods. Similar results were obtained 
by Alam et al. (2014), who found a 
significance variance in bulk density due 
to different tillage methods. They said 
that the improved physical and chemical 
properties were recorded in the 
conservational tillage practices. Bulk and 
particle densities were decreased due to 
tillage practices. 
 
3.d. Total soil porosity (TP): 

Total soil porosity is a special formula 
which explains the relationship between 
both the soil real and bulk densities. On 
the other hand, it is an index of the 
relative volume of pores in soil. Data in 
Table (8) showed that total soil porosity 
increased and the maximum increase 
was found in the soil treated with 
Gy+Co+S with subsurface tillage method 
compared to other treatments and 
control with different tillage methods. 
These results are in agreement with the 
results of Hussain et al. (2001) who 
stated that physical properties like bulk 
density, porosity, water permeability and 
hydraulic conductivity were significantly 
improved when FYM (10 ton ha-1) was 
applied in combination with chemical 
amendments, resulting in enhanced rice 
and wheat yields in sodic soil. Total soil 
porosity was varied significantly due to 
fertilization treatments and tillage 
methods and it was higher in subsurface 
tillage than in surface tillage. These 
results are confirmed with the results of 
Hossein et al. (2017). 
 
3.e. Soil moisture constants: 

The amount of water available to 
plant depends on two factors: the 
quantity of water that is able to 
infiltrate into the soil and the quantity of 
water that the soil is able to hold onto. 
Field capacity and available water 
holding capacity are influenced by the 
particle size, structure and content of 

OM. However, clay soils, due to its 
higher matric potential and smaller pore 
size will generally hold significantly 
more water by weight than sandy soils. 
In this respect, data in Table (8) indicate 
that the values of available water were 
low. This may be attributed to high 
salinity levels of both irrigation water and 
soil, which leads to raising of osmotic 
pressure, and accordingly increase the 
soil retention moisture content at field 
capacity and wilting point. The increase 
of soil ESP increases the fine capillary 
pores (wilting point) compared with that 
of field capacity which leads to a 
decrease of the available water. The 
highest values of field capacity and 
available water were found in the 
treatment of Gy+Co+S with subsurface 
tillage method compared to other 
treatments and control with different 
tillage methods. Field capacity, wilting 
point and available water were varied 
significantly due to fertilization 
treatments and tillage methods, while 
there were no significance differences in 
values of available water only due to 
tillage methods. Similar results are also 
obtained through the work of Alam et al. 
(2014), who deduced a significant 
decrease in wilting point, while there was 
significant increase in total porosity and 
field capacity due to different tillage 
methods, and no significant variation in 
available water content. 
 
CONCLUSION 

Sulphur, Gypsum and compost 
applications improved physico-chemical 
characteristics of the salt affected soil 
and consequently increased grains and 
straw yields of wheat plant. Such 
improvements attributed to one or more 
of the following reasons: (1) The 
improvement of soil physical properties 
which is reflected on both water and 
nutrients behavior, (2) Lowering EC and 
pH of the treated soil through sulfur, 
gypsum and compost addition and (3) 
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Improving soil chemical, biological and 
fertility properties. Generally, it can be 
concluded that gypsum, sulphur and 
compost application had decreased the 
hazardous effect of salinity of soil and 
hence exerted favorable effects on 
growth and yield of wheat. Subsurface 
tillage method improved soil chemical 
and physical properties which are 
reflected on growth and grain yield of 
wheat compared with the surface tillage 
method. 
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 الحرث على خواص الأرض  ونظمتأثیر إضافة الكبریت والجبس والكمبوست 
 وإنتاجیة القمح فى أرض ملحیة

 

 محمود عبدالجواد أحمد إسماعیل
 ، مصرراضى والمیاه والبیئة ، مركز البحوث الزراعیة ، الجیزة معهد بحوث الأ 

 الملخص العربى
الأكثر كفاءة للحصول على  واستخدام الأسالیب طلب تطویر فى تكنولوجیا الإستصلاحإدارة الأرض المتأثرة بالأملاح تت

مها لاستصلاح الأاضى الملحیة ولكن استعمال كل اددید من المعالجات التى یمكن استخیوجد الع .أفضل إنتاجیة للمحاصیل
تم إجراء تجربة حقلیة فى موسمین شتویین متتالیین  تكلفته وتوفره والوقت المناسب لاستخدامه.معالج یتوقف على 

بمحافظة الشرقیة ، مصر وذلك  مزرعة محطة البحوث الزراعیة بسهل الحسینیةفى  2015/2016و  2014/2015
 (سطحى وتحت سطحى) ومصادر تسمید مختلفة (الكبریت ، الجبس ، الكمبوست ، مختلفة حرث طرقوتقییم تأثیر لدراسة 

على بعض خواص الأرض ) +الكبریتالكمبوستوالجبس+ الكبریتالكمبوست+الجبس ، الجبس+ الكمبوست+ الكبریت ،
 صمیم قطاعات منشقة فى التجربتین.تم استخدام ت وإنتاجیة القمح.

حبوب إنتاجیة القمح (الالمستخدمة أدت إلى زیادة معنویة فى  لمحسنات الأرضیةاأشارت النتائج إلى أن كل معاملات 
أكبر زیادة فى حبوب وقش القمح عند استخدام المعاملة الجبس+الكمبوست+الكبریت . وسجلت مقارنة بالكنترول )قشالو 

أدت المعاملات . مقارنة بباقي المعاملات والكنترول مع استخدام طرق الحرث المختلفة تحت سطحىالفى الحرث 
وزیادة فى قیم المادة العضویة والسعة  )pH(وحموضة التربة  )EC( قیم التوصیل الكهربىانخفاض المستخدمة أیضاً إلى 

دي استخدام أ معاملة الجبس+الكمبوست+ الكبریت.فى ومعنویة  اكثر وضوحاً ، وكان التأثیر للتربة دلیة الكاتیونیةاالتب
 الحرث التحت سطحي الي حدوث تحسن ملحوظ في الخواص الكیمیائیة عن الحرث السطحي . 

كانـت التجمعـات و  سواء كانت الجافـة أو فـى المـاء هناك زیادة في ثبات التجمعات الأرضیةأن  ایضا یتضح من النتائج
المعاملــة بالجبس+الكمبوســت+الكبریت فــى الحــرث التحــت ســطحى مقارنــة ببــاقي المعــاملات أكثــر ثباتــا فــى حالــة الأرض 

والكنتـرول مـع اسـتخدام طـرق الحـرث المختلفـة. أدى اسـتخدام المعاملـة الجبس+الكمبوسـت+الكبریت إلـى زیـادة  التوصـیل 
الكثافـة  حـدوث تحسـن فـي لـوحظ  الكنتـرول مـع طـرق الحـرث المسـتخدمة. أیضـاً بـاقى المعـاملات و رولیكى مقارنة مع دالهی

المــاء المیســر نتیجــة رطوبــة عنــد كــل مــن الســعة الحقلیــة و كــذلك ازدادت قــیم ثوابــت الالظاهریــة وزادت المســامیة الكلیــة و 
مــع اســتخدام طــرق بالجبس+الكمبوســت+الكبریت فــى الحــرث التحــت ســطحى مقارنــة ببــاقي المعــاملات والكنتــرول  المعاملــة

 الحرث المختلفة.
تحســین خــواص التربــة الكیمیائیـــة دت الـــي أ والكمبوســتضـــافة الجــبس والكبریــت إ وبصــفة عامــة، یمكــن اســتنتاج أن *

لـي تحسـین ي أدي إیضـا اسـتخدام الحـرث التحـت سـطحأنتاجیة القمح فـى الأراضـى الملحیـة. إ الطبیعیة وبالتالي زیادةو 
 بالمقارنة مع الحرث السطحي.محصول القمح  وبالتالي زیادةالخواص الكیمیائیة والفیزیائیة 

 
 أسماء السادة المحكمین

 معهد بحوث الأراضى والمیاه والبیئة    د حجــــــــــىــــــــــد السیــــــــــــسعید/ أ.    
 جامعة المنوفیة –كلیة الزراعة    الحسینى عبدالفغار أبوحسین  أ.د/    



 
 
 
 
M. A. A. Esmaeil  
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Table (6): Distribution fractions (%) of dry stable sieved aggregates after harvest of wheat plant (average of two seasons) as affected 
by the studied treatments 

Treatments Pro. 
No. 

Depth 
Cm 

Tillage methods  
Surface Sub surface 

Dry Aggregates Diameter (mm) Dry Aggregates Diameter (mm) 
10-2 2-1 1-0.5 0.5-

0.25 
0.25-
0.125 

0.125-
0.063 

<0.063 10-2 2-1 1-0.5 0.5-
0.25 

0.25-
0.125 

0.125-
0.063 

<0.063 

Control 1 0-30 40.12 17.22 10.18 2.24 4.00 5.55 20.69 30.18 16.66 14.00 13.00 9.11 8.89 8.16 
30-60 40.00 16.28 10.58 2.28 5.14 5.26 20.46 31.00 19.00 14.00 12.59 9.25 8.15 6.01 
60-90 39.11 17.00 10.25 3.05 5.65 5.86 19.08 30.00 16.25 13.89 12.47 9.78 8.65 8.96 
Mean 39.74 16.83 10.34 2.52 4.93 5.57 20.08 30.39 17.30 13.96 12.69 9.38 8.56 7.71 

 
Sulphur 

2 0-30 41.25 20.12 12.02 2.28 4.10 5.50 14.73 31.25 20.05 13.00 12.00 9.02 8.88 5.80 
30-60 40.58 17.56 10.25 4.01 5.02 5.15 17.43 31.00 16.00 12.98 12.05 8.25 7.75 11.97 
60-90 39.79 18.99 11.00 3.58 5.00 4.87 16.77 30.89 16.18 13.08 13.25 8.02 7.24 11.34 
Mean 40.54 18.89 11.09 3.29 4.71 5.17 16.31 31.05 17.41 13.02 12.43 8.43 7.96 9.71 

 
Gypsum 

3 0-30 46.00 24.25 15.00 3.33 3.48 3.11 4.83 36.88 22.35 14.25 7.88 6.12 5.12 7.40 
30-60 46.00 24.00 14.52 3.05 3.38 3.25 5.80 36.58 23.00 13.25 7.12 6.00 5.04 9.01 
60-90 45.56 23.59 14.02 3.25 3.59 3.25 6.74 35.79 23.00 13.25 7.12 6.05 5.04 9.75 
Mean 45.85 23.95 14.51 3.21 3.48 3.20 5.79 36.42 22.78 13.58 7.37 6.06 5.07 8.72 

 
Compost 

4 0-30 46.66 23.33 15.01 3.01 3.88 3.33 4.78 36.15 22.55 14.00 9.25 7.02 6.60 4.43 
30-60 45.89 22.55 15.01 2.58 3.69 3.01 7.27 35.89 22.35 14.02 8.01 7.55 5.58 6.60 
60-90 45.98 23.08 14.44 2.22 3.56 3.01 7.71 36.99 23.56 14.02 9.16 6.06 5.00 5.21 
Mean 46.18 22.99 14.82 2.60 3.71 3.12 6.58 36.34 22.82 14.01 8.81 6.88 5.73 5.47 

 
Comp+sulp

her 

5 0-30 46.12 23.00 14.00 3.12 3.37 3.00 7.39 37.00 25.23 14.25 5.26 5.12 4.25 8.89 
30-60 46.00 24.55 14.00 3.25 3.56 3.25 5.39 38.12 26.00 14.36 6.16 4.55 4.55 6.26 
60-90 45.48 24.58 14.12 3.14 3.58 4.01 5.09 38.25 26.00 13.58 6.25 4.69 4.00 7.23 
Mean 45.87 24.04 14.04 3.17 3.50 3.42 5.96 37.79 25.74 14.06 5.89 4.79 4.27 7.46 

 
Comp + 
Gypsum 

6 0-30 47.00 23.00 14.025 3.00 3.55 3.12 6.31 41.00 25.00 14.44 4.74 5.00 4.01 5.81 
30-60 46.89 24.05 14.01 3.00 3.58 3.15 5.32 41.25 24.58 14.00 4.45 4.47 4.17 7.08 
60-90 47.00 24.00 13.99 3.02 3.69 3.09 5.21 40.56 24.69 14.99 4.58 4.58 4.25 6.35 
Mean 46.96 23.68 14.01 3.01 3.61 3.12 5.61 40.94 24.76 14.48 4.59 4.68 4.14 6.41 

 
Gypsum+su

phur  

7 0-30 45.00 20.08 14.44 3.33 4.01 4.02 9.12 33.02 20.00 13.39 10.99 8.05 7.02 7.53 
30-60 44.99 20.00 12.58 3.58 4.00 3.58 11.27 32.28 19.89 13.58 10.56 8.05 7.00 8.64 
60-90 44.02 19.99 13.58 3.58 4.00 3.69 11.14 31.47 19.48 13.45 9.00 6.52 6.68 13.40 
Mean 44.67 20.02 13.53 3.49 4.00 3.76 10.53 32.26 35.63 13.47 10.18 7.53 6.90 9.86 

Gy +Co+ S 8 0-30 48.88 25.52 15.00 1.00 3.31 3.01 3.28 45.00 24.23 14.44 3.12 3.59 3.79 5.83 
30-60 47.48 25.00 13.35 1.25 4.55 4.99 3.38 45.12 25.26 14.55 3.09 3.44 4.01 4.53 
60-90 48.99 24.58 14.78 2.01 3.01 2.89 3.74 44.13 25.00 15.02 3.02 3.47 4.05 5.31 
Mean 48.45 25.03 14.38 1.42 3.62 3.63 3.47 44.75 24.83 14.67 3.08 3.50 3.95 5.22 
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Table (7): Water stable aggregates as percent in the studied soil Profiles under different treatments of soil tillage methods and soil 

amendments after of wheat plant harvest (average of two seasons). 
Treatments Pro. 

No. 
Depth 
Cm 

Tillage methods 
Surface Sub surface 

Wet Aggregates Diameter (mm) Wet Aggregates Diameter (mm) 
10-2 2-1 1-0.5 0.5-

0.25 
0.25-
0.125 

0.125-
0.063 

Total 
(TSA) 

10-2 2-1 1-0.5 0.5-0.25 0.25-
0.125 

0.125-
0.063 

Total 
(TSA) 

Control 1 0-30 11.02 11.11 8.21 4.44 2.00 3.11 39.89 8.74 13.28 9.93 4.85 1.62 3.79 42.21 
30-60 11.56 11.00 8.54 4.12 1.89 3.00 40.11 7.98 14.23 10.02 4.77 2.01 4.01 43.02 
60-90 11.72 9.99 8.12 4.00 1.88 3.08 38.79 11.29 12.25 9.45 5.01 1.77 3.12 42.89 
Mean 11.43 10.70 8.29 4.19 1.92 3.06 39.59 9.34 13.25 9.80 4.88 1.88 3.64 42.71 

 
Sulphur 

2 0-30 3.97 13.78 13.25 6.90 2.00 3.25 43.15 6.04 13.00 12.45 8.01 2.11 3.39 45.00 
30-60 4.01 13.00 14.00 7.00 2.01 4.00 44.02 4.68 13.69 13.25 7.77 2.15 4.02 45.56 
60-90 5.16 12.58 14.00 6.81 2.00 3.45 44.00 5.44 13.58 13.00 7.98 2.22 4.00 46.22 
Mean 4.38 13.12 13.75 6.90 2.01 3.57 43.72 5.39 13.42 12.90 7.92 2.16 3.80 45.59 

 
Gypsum 

3 0-30 11.48 12.35 8.55 7.01 3.56 2.05 45.00 6.89 13.44 12.14 7.98 2.52 4.25 47.22 
30-60 12.28 12.23 8.28 7.45 3.02 2.00 45.26 7.09 13.26 13.55 7.77 2.22 3.36 47.25 
60-90 13.69 12.22 8.88 7.02 2.33 2.11 46.25 6.87 13.55 13.25 8.00 2.11 4.22 48.00 
Mean 12.48 12.27 8.57 7.16 2.97 2.05 45.50 6.95 13.42 12.98 7.912 2.28 3.94 47.49 

 
Compost 

4 0-30 10.62 11.56 9.28 6.04 1.79 2.59 41.88 35.51 12.04 11.00 6.58 2.00 3.89 45.09 
30-60 9.18 11.36 10.25 5.55 1.99 2.78 41.11 36.15 12.58 10.58 7.01 1.99 3.99 44.25 
60-90 10.97 11.25 10.11 5.22 2.00 2.58 42.13 35.39 13.00 10.12 6.27 2.00 4.00 44.02 
Mean 10.26 11.39 9.88 5.60 1.93 2.65 41.71 35.68 12.54 10.57 6.62 1.99 3.96 44.45 

 
Comp + 
sulphur 

5 0-30 9.54 9.99 10.25 10.00 6.96 3.25 49.99 4.92 10.75 11.34 16.50 7.09 3.84 54.44 
30-60 11.14 8.94 10.25 10.23 5.54 4.01 50.11 3.77 11.25 12.02 17.01 6.80 4.15 55.00 
60-90 11.92 10.00 10.00 9.56 5.19 3.11 49.78 6.95 9.26 11.55 14.12 7.00 4.01 52.89 
Mean 10.87 9.64 10.17 9.93 5.89 3.46 49.96 5.21 10.42 11.64 15.88 6.96 4.00 54.11 

 
Comp + 
Gypsum 

6 0-30 10.48 13.02 10.02 8.46 2.22 2.55 46.75 7.59 14.73 11.17 8.56 2.62 4.52 49.19 
30-60 9.10 12.84 9.65 8.99 2.56 3.11 46.25 10.40 13.59 10.25 8.66 2.55 4.66 50.11 
60-90 12.7 13.00 9.47 7.87 2.12 2.99 48.12 7.85 14.48 11.00 8.14 2.60 4.48 48.55 
Mean 10.75 12.95 9.71 8.44 2.30 2.88 47.04 8.10 14.27 10.81 8.45 2.59 4.55 49.28 

 
Gypsum+ 

suphur  

7 0-30 6.78 12.58 11.02 10.06 5.11 5.45 51.00 5.78 14.61 10.81 15.00 5.32 6.14 57.66 
30-60 9.38 13.08 10.76 9.48 4.48 5.12 52.30 9.26 12.38 10.11 13.14 5.55 6.25 56.69 
60-90 8.34 13.01 10.83 9.58 5.23 5.00 51.99 10.42 12.99 10.09 13.00 5.27 6.35 58.12 
Mean 8.17 12.89 10.87 9.71 4.94 5.19 51.76 8.49 13.33 10.34 13.71 5.38 6.25 57.49 

Gy +Co+ S 8 0-30 7.37 14.02 11.00 9.28 4.11 6.55 52.33 11.35 12.00 9.01 12.55 6.22 7.77 58.90 
30-60 7.77 14.56 10.99 9.85 4.05 6.22 53.44 11.12 11.56 10.22 12.33 6.22 7.56 59.01 
60-90 9.90 13.58 11.05 8.99 4.25 5.99 53.76 13.01 12.59 9.00 12.69 5.45 7.25 59.99 
Mean 8.35 14.05 11.01 9.37 4.17 6.25 53.18 11.83 12.05 9.41 12.523 5.963 7.53 59.30 



134 

M
. A

. A
. Esm

aeil  
Table (8): Soil moisture constants (%), total porosity (%), hydraulic conductivity and bulk density after of wheat plant harvest (average 

of two seasons). 
 
 

Treatments 

Pr
of

. N
o.

  
Depth 

Cm 

Tillage methods 
Surface Sub surface 

Hydr. 
Cond. 

(cm.h-1) 

T.P. 
% 

BD 
(g/cm3) 

Soil moisture constants % Hydr. 
Cond. 

(cm.h-1) 

T.P. 
% 

BD 
(g/cm3) 

Soil moisture constants % 
F.C. W.P. A.W. F.C. W.P. A.W. 

 
Control 

 
1 

0-30 0.007 50.57 1.31 33.50 19.84 13.66 0.08 53.96 1.22 21.81 7.56 14.15 
30-60 0.009 51.13 1.29 33.77 20.00 13.66 0.08 53.58 1.23 22.00 7.99 14.01 
60-90 0.01 50.94 1.30 33.25 19.88 13.37 0.077 52.83 1.25 21.92 7.52 14.40 
Mean 0.008 50.88 1.30 33.51 19.91 13.56 0.079 53.46 1.23 21.91 7.69 14.32 

 
Sulphur 

 
2 

0-30 0.019 51.69 1.28 27.14 11.90 15.24 0.074 53.96 1.22 24.57 7.98 16.59 
30-60 0.018 51.32 1.29 27.00 12.00 15.00 0.077 53.96 1.22 24.58 7.58 17.00 
60-90 0.019 51.69 1.28 26.25 11.25 15.00 0.074 53.96 1.22 25.00 8.75 16.25 
Mean 0.018 51.57 1.28 26.79 11.60 15.12 0.075 53.96 1.22 24.72 8.56 16.61 

 
Gypsum 

 
3 

0-30 0.02 51.69 1.28 29.25 13.14 16.11 0.084 54.72 1.20 25.45 8.33 17.12 
30-60 0.02 51.69 1.28 30.00 13.75 16.25 0.085 54.33 1.21 25.55 8.44 17.11 
60-90 0.022 51.69 1.28 30.11 13.88 16.23 0.082 54.33 1.21 25.23 8.33 17.00 
Mean 0.022 51.69 1.28 29.78 13.59 16.19 0.087 54.33 1.21 25.41 8.33 17.08 

 
Compost 

 
4 

0-30 0.017 50.57 1.30 24.56 9.98 14.58 0.079 53.58 1.23 24.00 7.88 16.12 
30-60 0.017 51.32 1.29 24.45 10.00 14.45 0.080 53.96 1.22 24.00 7.53 16.47 
60-90 0.017 51.29 1.29 24.25 10.13 14.12 0.080 53.58 1.23 23.25 6.99 16.25 
Mean 0.017 51.29 1.29 24.42 10.04 14.38 0.07 53.58 1.23 23.75 7.47 16.28 

 
Comp. + 
sulphur 

 
5 

0-30 0.020 53.21 1.24 41.54 24.52 17.02 0.13 56.23 1.16 29.12 10.17 18.95 
30-60 0.023 53.96 1.22 41.08 24.55 16.53 0.13 56.60 1.15 29.23 10.55 18.68 
60-90 0.022 53.96 1.22 42.00 25.00 17.00 0.11 56.60 1.15 29.15 10.53 18.62 
Mean 0.022 53.71 1.23 41.54 24.69 16.85 0.12 56.48 1.15 29.17 10.42 18.75 

 
Comp +  
Gypsum 

 
6 

0-30 0.019 51.69 1.28 35.78 20.85 14.93 0.090 54.72 1.20 26.73 9.78 16.95 
30-60 0.018 52.08 1.27 36.00 20.76 15.24 0.099 55.09 1.19 27.00 9.65 17.35 
60-90 0.018 51.69 1.28 35.89 21.08 14.81 0.100 54.34 1.21 27.00 9.77 17.23 
Mean 0.018 51.82 1.28 35.89 20.89 14.99 0.096 54.72 1.20 26.91 9.73 17.18 

 
Gypsum + 

suphur 

 
7 

0-30 0.045 54.72 1.20 45.76 25.72 20.04 0.15 58.49 1.10 38.71 16.16 22.55 
30-60 0.055 55.47 1.18 45.88 25.70 20.18 0.15 58.11 1.11 39.07 16.65 22.42 
60-90 0.069 56.23 1.16 45.66 24.99 20.67 0.12 57.74 1.12 38.88 16.18 22.70 
Mean 0.056 55.47 1.18 45.77 25.47 20.30 0.14 58.11 1.11 38.89 16.33 22.56 

 
Gy +Co+ S 

 
8 

0-30 0.066 56.60 1.15 46.12 24.00 22.12 0.15 58.49 1.10 38.99 14.44 24.55 
30-60 0.065 56.98 1.14 46.15 23.00 23.15 0.15 58.49 1.10 40.11 14.67 25.44 
60-90 0.061 57.74 1.12 46.23 22.65 23.58 0.16 58.49 1.10 38.79 13.43 25.36 
Mean 0.064 57.11 1.14 46.17 23.22 22.95 0.15 58.49 1.1 39.29 14.18 25.16 

 
LSD  5% 

  A=61.8 
B=10.3 

A=86.9 
B=4.2 

A=89.8 
B=4.2 

A=2159 
B=3.2 

A=806 
B=6.2 

A=275 
B=ns 

A=44.9 
B=10.3 

A=127.5 
B=4.2 

A=126.8 
B=4.2 

A=1278 
B=3.2 

A=216.6 
B=6.2 

A=567.4 
B=ns 

A = Amendments treatments   B = Tillage methods 
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