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ABSTRACT 

Soil columns technique was conducted to assess the possibility of saline-sodic soils reclamation by 
using gypsum (G), sulfur (S) , rice straw compost (RSC) and direct current (DC). Soil  samples  were  
collected  from  Sahl  El-Hossinia,  El-Sharkia  Governorate,  Egypt. The treatments were control 
(leaching alone), G, S, RSC, DC, DC + G, DC + S and DC + RSC. Results showed pronounced 
decrease in soil bulk density, pH, ECe and exchangeable sodium percentage for all treatments. The 
most effective treatment was DC+G. Efficiency of treatments was in the following order: DC+G > 
DC+S> DC+C > DC > G > S > C > Control. 

Key words: Gypsum, sulfur, compost and direct current. 

INTRODUCTION 

Salt affected soils categorized into three 
groups, saline soils, sodic and saline sodic soils 
(Brady and Weil, 2002). These soils are 
commonly found in arid and semi arid regions, 
characterized by high amount of sodium that 
deteriorate soil structure, reduce water intake, 
and cause fertility problems leading to reduction 
in crop production (Suarez, 2001). Greater than 
8 × 108 ha of world land are affected, either by 
salinity (3.97 × 108 ha) or sodicity (4.34 × 108 
ha) (FAO, 2000), both constitutes about 6% of 
the world’s total land area. The problem of salt-
affected soils is not new but its intensity has 
been increasing due to poor management 
practices and inappropriate amelioration 
procedures. 

Sodic and saline-sodic soils are reclaimed by 
replacing the exchangeable sodium with calcium 
and flush sodium out of the system. This is 
commonly accomplished by adding gypsum 
(Oster et al.,  1993; Tuna et  al., 2007; Ghafoor 
et al., 2008; Murtaza et al., 2009), sulfur or 
sulfuric acid (Horneck et al., 2007), organic 
matter (Joachim et al., 2007; Dhanushkodi and 
Subrahmaniyan, 2012), and/or direct current 
(Niroumand et al., 2012; Cho et al., 2011). In all 

cases, adequate drainage must be maintained for 
both sodic and saline-sodic soils to flush sodium 
out of the soil system.  

In this context, Khan et al. (2010) found a 
positive significant improvement in saline-sodic 
soil properties, i.e., EC, SAR and pH in response 
to gypsum applied in ridges, farmyard manure 
and agricultural practices that resulted in an 
increase in wheat grain yield by 42% over 
control. Besides, Cha-um et al. (2011) evaluated 
the efficiency of the same treatment on 
remediation of saline soil and found that rice 
recorded 79.6% spikelet fertility in response to 
gypsum and FYM against 46.4% for the same 
soil without the use of gypsum and FYM. In the 
same behavior, Abdel-Fattah  (2011 and 2012) 
detected a pronounced decreases  in EC, pH, 
SAR, ESP and bulk density and increased in 
hydraulic conductivity and infiltration rate in 
saline-sodic soil due to the application of 
gypsum and two types of compost either they 
applied solely or in combination, compared with 
control. He added that combined treatments 
were more efficient. The same results obtained 
by Abou Youssef (2001) and Manzoor et al. 
(2001).  
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Direct current technologies have been used 
by Zhou et al. (2005), Altaee et al. (2008), Ryu 
et al. (2009), Park et al. (2009), Kim et al. 
(2009a and b), Baek et al. (2009) and 
Niroumand et al. (2012). 

 The electromigration processes, namely the 
transportation of ions toward oppositvely 
charged electrodes, is the major mechanism for 
separating and removing salts (Eid et al., 2000 a 
and b), Manokararajah and Sri Ranjan (2005a 
and b), Jia et al. (2005 and 2006) and Ryu et al. 
(2009). Electrokinetic treatment was performed 
by Cho et al. (2011) using column techniques to 
evaluate the effect of electric current duration, 
they detected that after electric current duration 
the electrical conductivity (EC) of the soil 
decreased to 1.93 dSm-1 from an initial value of 
5.3 dSm-1 and the distribution of sulfate was 
similar to that of EC. Abdel-Fattah (2014), who 
used a column techniques to asses the efficiency 
of electrochemical process in reclaim saline-
sodic soils, he concluded that leaching using 
direct current (DC) led to improvement of the 
chemical properties of saline sodic soils and the 
efficiency of reclamation was in the following 
order: 9-Volt > 3-Volt > leaching alone (non-
DC treatment).  

The present study has been conducted to 
evaluate the effectiveness of electrochemical 
processes and some traditional amendments (i.e. 
gypsum, sulfur and compost) on reclaiming 
saline-sodic soil. 

MATERIALS AND METHODS 

The goal of this experiment was assess the 
possibility of reclamation of saline-sodic soils 
using electrochemical technique with or without 
traditional amendments i.e., gypsum “G”, sulfur 
“S” and rice straw compost “C”. Soil  samples  
were  collected  from  Sahl  El-Hossinia,  El-
Sharkia  Governorate,  Egypt. Samples were 
collected from 30 cm surface layer; air dried, 
crushed, mixed and passed through a 2 mm 
sieves and analyzed for their physical and 
chemical properties (Table 1). Polyvinyl 
chloride (cylindroids tubes) of 40 cm height and 
16 cm inside diameter were used. The bottom of 
each tube was sealed with perforated a mesh 
nylon screen and glass wool. Acid-washed inert 

sand (pre-washed with HCl then water) was 
placed on the tube bottom to make a 5 cm layer 
of the column. Soil was packed in tubes so as to 
a soil column 30 cm height and a bulk density of 
1.40 Mg m-3, this required a quantity of soil of 
about 8 kg of crushed air-dried soil per column. 
The five cm over on top of soil column was 
leaved to give sufficient space for addition of 
water used for leaching process. 

The soil amendments used in this experiment 
were, gypsum, sulfur and rice straw compost. 
Gypsum amount was calculated based on the 
gypsum requirement (GR) equation (USDA, 
1954) taking in consideration a required final 
value of exchangeable sodium percent (ESPf) of 
10%, and an actual exchangeable sodium 
percent (ESPi) initial value of 26.58% found in 
the soil (see Table 1). The equation is as follows: 

1.72  CEC
100

ESPESPGR fi ××−=  

Where: 

GR: gypsum requirement (ton/fad.),  

ESPi: initial ESP of the soil (actual ESP of the 
soil),  

ESPf: final ESP of the soil (ESP required to be 
reached by reclamation)  

CEC: cation exchange capacity (cmolc kg-1).  

The equivalent amount for sulfur was 
calculated according to FAO (1988) as follows: 
amount of sulfur = GR × 0.19. Rice straw 
compost was added at a rate of 1% by weight. 
All former amendments were mixed 
homogeneously within soil matrix (30 cm depth) 
before packed in tubes. 

2.5 cm diameter ×30 cm height mild steel 
tubes were inserted on the soil column to serve 
as electrodes, i.e. cathode and anode (Fig. 1). 
Distance between cathode and anode was 10 cm. 
Electrodes were contacted to a nine voltage 
direct current power supply (DC). The 
experiment included eight treatments as follows; 
control (leaching alone), G, S, RSC, DC, DC + 
G, DC + S and DC + RSC. Each treatment 
consisted of three replicates.  

Soil experimental columns were leached with 
water having EC 1.06 dS/m. Leaching was done  
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Table 1. Some physical and chemical properties of the studied soil   

Property Value Property Value 

Particle size distribution (%)  Soluble ions, EC and pH  

- Sand 18.30 - EC (dSm-1) (Soil paste extract) 85.53 

- Silt  35.20 - pH (Soil suspension 1:2.5) 8.31 

- Clay 46.50 - Soluble ions (mmolc l-1)  

- Texture class Clay § Na+ 697.92 

Soil moisture characteristics (%)  § K+ 17.21 

- Saturation percent  31.30 § Ca+2 55.56 

- Field capacity  15.70 § Mg+2 341.21 

- Wilting point  6.83 § Cl- 856.14 

Density (Mg.m-3)  § HCO-
3 7.77 

- Bulk density 1.40 § SO=
4 247.99 

- Total porosity (%) 49.10 § SAR 49.55 

Organic matter (g kg-1) 5.30 Exchangeable cations, CEC and ESP  

CaCO3 (g kg-1) 75.0 § Na+ 6.82 

  § K+ 3.99 

  § Ca+2 7.85 

  § Mg+2 7.00 

  § CEC (cmolc kg-1)  29.69 

  § ESP 26.58 

 

 
Fig. 1. Schematic drawing electrochemical experimental system according to Abdel-Fattah (2014) 
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using intermittent method so as to add portions 
to the already saturated soil columns and obtain 
leachates equal to the added portions. The 
leachate from each  soil  column,  equal  to  the  
added  water  leachate (1000  ml  per  column),  
was collected. Six collections were performed 
and leachates were analyzed for salt content. 
After termination of leaching processes, soil 
columns were separated into two segments, 0-15 
and 15-30 cm. Each segment was air dried, 
crushed and sieved through a 2-mm sieve and 
analyzed according to Baruah and Barthakur 
(1997), Jackson (1967) and Page et al. (1982).        

RESULTS AND DISCUSSION 

Some soil chemical and physical properties 
after termination of leaching process at the 0-15 
cm and 15-30 cm  layers as affected by different 
treatments is given in Table 2, several facts are 
self-evident from this table. First, soil reaction 
(pH) values are decreased in all treatments 
compared with control and initial value, where 
the significant differences (p value at 0.05). The 
pH decreased followed the order: DC+G > 
DC+S > DC+RSC > DC > G > S > C > Control. 
The lowest pH value (7.50) is resulted from 
DC+G treatment whereas control (i.e. leaching 
alone) treatment gave the highest pH value 
(8.31). With respect to soil pH as affected by 
soil depth, the results show that the soil pH 
values increase with soil depth with no 
significant differences, where the upper soil 
depth (0-15 cm) gave the lowest pH value (7.67) 
and the lower one (15-30 cm) gave highest pH 
value (7.69) with no significant differences. The 
combination effect between treatments and soil 
depth reveal that DC+G treatment in upper soil 
layer gave the lowest soil pH value of 7.49 
whereas control treatment in lower soil layer 
gave the highest pH value (8.32) with no 
significant differences. There was a tendency for 
a decrease in pH values due to treatments. This 
finding may be attributed to soil high buffering 
capacity due to the clayey texture and high 
CaCO3 content. 

Moreover, results revealed that gypsum 
expose a relatively greater effect on reducing 
soil pH. The decrease in soil pH due to gypsum 
application was probably due to a combination 
of more than one factor, mainly the replacement 
of sodium by calcium and the formation of 

neutral salts with SO4
=. The decrease in soil pH 

may decrease sodium concentration as a fraction 
of other cations. This decreasing may be due to 
removal of exchangeable sodium from the soil 
column. In this context, gypsum solubility is 
also enhanced due to increased activity 
coefficient of calcium and sulfate as a result of 
increased ionic strength of solution and the 
formation of the sodium sulfate ion pair. 
Besides, large quantities of CO2, which evolved 
during leaching process the decomposition of 
the organic matter such as compost by activity 
of microorganisms resulting increase of organic 
and inorganic acids, thereby decreasing soil pH. 
Similar observation were also reported by 
Wassif et al. (1992), Ismail et al. (1992), Sabri 
et al. (1993) and Abdel-Fattah (2012 and 2014). 

Regarding electrochemical effect on soil pH, 
it can be noticed that electrolysis of the water 
under the applied of voltage caused a change in 
pH. Reactions can be described as follows: 
At anode (oxidation): 2H2O → O2(gas)+4H+

(aq) + 4e- 

At cathode (reduction): 4H2O + 4e- → 2H2(gas) + 4OH-
(aq) 

Hydrogen and hydroxide ions generated at 
the anode and cathode were transported toward 
the opposite charged electrodes by 
electromigration. Thus, soil pH would decrease 
at the anode and increase at the cathode 
(Niroumand et al., 2012). 

Remarkable effect of different treatments on 
soil electrical conductivity of saturation extract 
(ECe). The data present in Table 2 reveal that all 
treatments showed a pronounced decreased in 
soil ECe values compared to initial value (85.53 
dSm-1, see Table 1) with significant differences 
(P value at 0.05). The ECe decreased was in the 
following order: DC+G > DC+S> DC+C > DC 
> G > S > C > Control. The lowest ECe (3.18 
dSm-1) was detected from DC+G treatment 
whereas control (i.e. leaching alone) treatment 
gave the highest one (5.55 dS/m). The ECe 
values of soil were 3.18, 3.80, 3.89, 4.42, 4.45, 
4.77, 4.81 and 5.55 dS/m for the DC + G, DC + 
S, DC + C, DC, G, S, C and Control, 
respectively, which surpassed the control 
treatment by 42.5, 31.53, 29.9, 20.36, 19.81, 
14.05 and 13.33%, respectively. With respect to 
soil ECe as affected by soil depth, data revealed 
that ECe increased by increased soil depth with 
no significant differences. Upper soil depth  (0 - 
15 cm)  gave  the  lowest  ECe   value    
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Table 2. Some physical and chemical properties of studied soil after termination of leaching process as affected by different treatments 

Soluble cations, mmolc l-1 Soluble Anions, mmolc l-1 The Effected Factor pH EC, 
dS.m-1 Ca2+ Mg2+ Na+ K+ 

 
HCO3

= Cl- SO4
= 

SAR ESP BD, Mg.m-3 TP (%) 

Treatments effect              
Leaching alone (control)  8.31 5.55 22.49 4.47 24.83 3.71 22.00 12.65 20.85 6.76 17.92 1.41 46.79 
Gypsum  7.62 4.45 18.03 3.59 19.91 2.97 17.64 10.14 16.72 6.06 12.13 1.18 55.47 
Sulfur  7.64 4.77 19.33 3.85 21.34 3.18 18.91 10.88 17.91 6.27 13.08 1.19 55.09 
Compost  7.69 4.81 19.49 3.88 21.52 3.21 19.07 10.97 18.06 6.30 10.81 1.34 49.43 
Direct current (DC)  7.58 4.42 17.92 3.57 19.78 2.95 17.53 10.08 16.61 6.03 10.46 1.15 56.60 
Direct current + Gypsum  7.50 3.18 12.89 2.56 14.23 2.12 12.6 7.25 11.95 5.12 8.96 1.14 56.98 
Direct current + Sulfur  7.52 3.8 15.39 3.06 16.99 2.53 15.05 8.66 14.26 5.59 9.38 1.16 56.23 
Direct current + Compost  7.55 3.89 15.78 3.14 17.42 2.6 15.43 8.88 14.63 5.66 13.94 1.24 53.21 
LSD5% 0.01 0.21 0.84 0.17 0.93 0.14 0.82 0.47 0.78 0.15 0.78 0.02 0.59 
Soil depth effect              
1st depth, cm (D1) 7.67 4.33 17.56 3.49 19.38 2.89 17.17 9.88 16.27 5.97 11.76 1.21 54.34 
2nd depth, cm (D2) 7.69 4.39 17.77 3.54 19.62 2.93 17.40 10.00 16.46 6.01 12.41 1.24 53.21 
LSD 5% NS NS NS NS NS NS NS NS NS NS 039 0.01 0.297 
Interaction effects              
Control D1 8.29 5.49 22.25 4.42 24.56 3.67 21.77 12.52 20.61 6.73 11.53 1.40 17.17 
 D2 8.32 5.61 22.74 4.52 25.1 3.75 22.26 12.79 21.06 6.8 10.78 1.42 46.42 
Gypsum D1 7.61 4.57 18.53 3.69 20.46 3.05 18.13 10.43 17.17 6.14 7.88 1.19 56.23 
 D2 7.62 4.33 17.53 3.49 19.36 2.89 17.17 9.86 16.24 5.97 8.70 1.19 55.85 
Sulfur D1  7.63 4.72 19.14 3.81 21.13 3.15 18.73 10.77 17.73 6.24 5.57 1.17 55.09 
 D2  7.60 4.82 19.52 3.89 21.55 3.21 19.1 10.99 18.08 6.3 7.76 1.20 54.72 
Compost D1  7.67 4.77 19.33 3.85 21.34 3.18 18.91 10.88 17.91 6.27 7.00 1.33 49.81 
 D2  7.70 4.85 19.66 3.91 21.7 3.23 19.23 11.06 18.21 6.32 7.08 1.35 49.06 
Direct current (DC) D1  7.57 4.34 17.6 3.51 19.43 2.9 17.22 9.91 16.31 5.98 4.38 1.13 57.36 
 D2  7.59 4.5 18.24 3.63 20.13 3 17.85 10.26 16.89 6.09 5.04 1.17 55.85 
DC + Gypsum D1  7.49 3.13 12.67 2.52 13.99 2.09 12.40 7.13 11.74 5.08 5.37 1.11 58.11 
 D2  7.51 3.23 13.1 2.61 14.46 2.16 12.82 7.37 12.14 5.16 6.48 1.16 56.23 
DC + Sulfur D1  7.51 3.78 15.31 3.05 16.9 2.52 14.99 8.61 14.18 5.58 5.17 1.14 56.98 
 D2  7.53 3.82 15.47 3.08 17.07 2.54 15.13 8.7 14.33 5.61 5.36 1.18 55.47 
DC + Compost D1  7.54 3.86 15.64 3.11 17.27 2.58 15.31 8.8 14.49 5.64 7.38 1.23 53.58 
 D2  7.56 3.93 15.91 3.16 17.57 2.62 15.57 8.95 14.74 5.69 8.38 1.25 52.83 
LSD 5% NS NS NS NS NS NS NS NS NS NS NS NS NS 
* D1 = Depth 0 – 15   D2 = Depth  15 – 30 

SAR = Sodium adsorption ratio  ESP = Exchangeable sodium percentage (%) BD = Bulk density TP = Total porosity 
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(4.33 dS/m) whereas the lower one (15-30 cm) 
gave highest ECe value (4.39 dS/m). while the 
combination effect between treatments and soil 
depth, data reveal that DC+G treatment in upper 
soil depth gave the lower value of soil ECe (3.13 
dS/m) whereas control treatment in lower soil 
depth gave the highest value (5.61 dS/m) with 
no significant differences. 

However, results showed that gypsum was 
more effective for decreasing ECe. This fact may 
be due to positively effect of gypsum on soil 
physical properties such as hydraulic 
conductivity and infiltration rate. Consequently, 
the movement of water within soil profile would 
increase, resulting in more leaching efficient and 
excess salts removing. These results are in 
agreement with those obtained by Tripathi and 
Singh (1974), Abrol et al. (1988), Srivastava 
and Srivastava (1993) and Abdel-Fattah (2012). 
On the other hand, DC led to accelerate the 
dissolution of gypsum mending, which 
accumulated on the exchange sites and 
improved physical properties of soil like 
aggregation thus reducing the ECe. This results 
supported by the work of You-Jin et al. (2013) 
and Abdel-Fattah (2014). Regarding to soluble 
ions (cations and anions) and SAR, results 
showed that soluble ions and SAR took a similar 
trend to that of ECe. 

Regarding to exchangeable sodium percentage 
(ESP) as affected by different amendments, data 
in Table 2 show a pronounced decreased in ESP 
values compared to 17.92% of the control value 
with significant differences (p value at 0.5). The 
ESP decreased was arranged in the following 
order: DC+G > DC+S >DC+C> DC > G > S > 
C > Control. The main effect shows that DC+G 
treatment gave the lowest ESP (8.96%) whereas 
control treatment gave the highest one (17.92%). 
The ESP values of soil were 8.96, 9.38, 10.46, 
10.81, 12.13, 13.08, 13.94 and 17.92% for the 
DC + G, DC + S, DC + C, DC, G, S, C and 
Control, respectively, which decreased under 
control treatment by 50, 47.66, 41.62, 39.68, 
32.31, 27.01 and 22.21%, respectively. With 
respect to soil ESP as affected by soil depth, 
data showed augmenting increase of ESP with 
soil depth with significant differences. Upper 
soil depth (0-15 cm) gave the lowest ESP value 
(11.76%) whereas the lower one (15-30 cm) 
gave highest ESP value (12.41%). In this 

context it could detect that control treatment in 
lower soil depth (15-30 cm) gave the highest 
value of soil ESP (18.34%) whereas DC+G 
treatment in upper soil depth (0-15 cm) gave the 
lowest value (8.53%) with no significant 
differences. 

Regarding to soil Bulk density (BD) and total 
Porosity (TP) as affected by different 
experimental amendments, results in (Table 2) 
declare that there is a reduction in BD (Mg.m-3) 
values compared to 1.40 Mg.m-3 for the initial 
value with significant differences (p value at 
0.05). The BD was decreased in the following 
order: DC+G > DC+S > DC > G > S > DC+C > 
C > Control. Once more DC+G treatment gave 
the lowest BD (1.14 Mg.m-3) whereas control 
(i.e. leaching alone) treatment gave the highest 
one (1.41 Mg.m-3). The BD values of soil were 
1.14, 1.15, 1.16, 1.18, 1.19, 1.24, 1.34 and 1.41 
Mg.m-3 for the DC + G, DC + S, DC, G, S, 
DC+C, C and Control, respectively. Treatments 
decreased under control treatment by 19.14, 
18.43, 17.73, 16.31, 15.6, 12.06 and 4.96%, 
respectively.  

With respect to soil BD as affected by soil 
depth, results declared that BD increase with 
soil depth with significant differences. However 
Upper soil depth (0-15 cm) gave the lowest BD 
value (1.21 Mg.m-3) whereas the lower one (15-
30 cm) gave highest BD value (1.24 Mg.m-3). 
Concerning the combination effect between 
treatments and soil depth, results reveal that 
DC+G treatment in upper soil depth (0-15 cm) 
gave the lowest value of BD (1.11 Mg.m-3) 
whereas control treatment in lower soil depth 
(15- 30 cm) gave the highest value BD (1.42 
Mg.m-3) with no significant differences. 

Moreover results show that treatments 
included gypsum are more effective in reducing 
BD than sulfur treatments. This finding may be 
attributed to the need of sulfur mending to be 
oxidized and convert into sulfuric acid, which 
would cause dissolution of Ca-bearing minerals 
in soil. Results also refer to that compost has a 
positive effect on BD reduction. These results 
are in agreement with that of Abdel-Aziz et al. 
(1998) and Wahadan et al. (1999). 

Data illustrated in Table 2 showe that 
treatments include DC are more effective in 
reducing BD than non-DC treatments. This 
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finding may be attributed to DC treatments led 
to accelerate the dissolution of Ca-bearing 
minerals in soil and gypsum mending, which 
accumulations on the exchange sites and 
improved soil aggregation thus reducing the BD. 
This result is supported by work of Jia et al. 
(2006), Ryu et al. (2009) and Cho et al. (2011). 
With respect to soil total porosity (TP) as 
affected by different amendments, results in 
Table 2 indicate that total porosity (TP) values 
increased as a result of applied DC in 
combination with amendments. Generally, TP 
increased by about 8.94%, compared to control. 
However, the TP results showed the opposite 
trend as the BD. 

Conclusion 
The results of this work confirmed that 

DC+G could markedly improve saline-sodic soil 
chemical and physical properties compared with 
other used treatments. Efficiency of treatments 
were DC+G > DC+S> DC+C > DC > G > S > C 
> Control. The repressive combined effect of 
DC and G might be attributed to the positive 
effect of G replacing power by sodium and to 
the DC, which accelerate the dissociation of 
Ca2+ bearing minerals and flushing Na+ out of 
the soil system.  
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 ة ـــائیــروكیمیـــلكھا ةــالجــة المعـــتقنیدام ــتخــباس ــةودیــــالصة ــــــــي الملحیـــــتصلاح الأراضـــــاس

  محمد كمال عبد الفتاح– أحمد حسین إبراھیم – كرم فؤاد موسى –  عبد العالسماح محمد سعید
  مصر –  جامعة الزقازیق– كلیة الزراعة –قسم علوم الأراضي 

كمبوست قش تم تنفیذ تجربة أعمدة لتقییم إمكانیة استصلاح الأراضي الملحیة الصودیة باستخدام الجبس، الكبریت، 
 – الحسینیة التابعة لمحافظة الشرقیة سھل تم تجمیع عینات التربة من منطقة ، فولت٩الأرز، والتیار الكھربي المباشر

، الجبس، الكبریت، كمبوست قش الأرز، )غسیل فقط( معاملة المقارنھ: كانت المعاملات المستخدمة في التجربة ،مصر
+ الكبریت، التیار الكھربي المباشر + الجبس، التیار الكھربي المباشر + اشر، التیار الكھربي المباشر التیار الكھربي المب
أوضحت النتائج انخفاض ملحوظ في الكثافة الظاھریة، درجة التوصیل الكھربي لمستخلص عجینة  ،كمبوست قش الأرز

 للصودیوم ونسبة الصودیوم المتبادل وذلك تحت جمیع التربة المشبعة، درجة تفاعل التربة وكذلك النسبة الإدمصاصیة
یمكن ترتیب المعاملات  ،الجبس+ علیة وكفاءة ھي معاملة التیار الكھربي المباشر اوكانت أكثر المعاملات ف. المعاملات

+  الكھربي المباشر  التیار> الكبریت+  التیار الكھربي المباشر >الجبس+ التیار الكھربي المباشر : طبقا لكفاءتھا كما یلي
 . الكنترول> الكمبوست> الكبریت> الجبس> التیار الكھربي المباشر>الكمبوست

 


