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HE REUSE of some industrial wastes or by-products such as the 

cement kiln dust (CKD) is beneficial to prevent or at least to 

reduce the environmental pollution. The CKD is beneficial as a raw 

material, construction material, absorbent, and improving the sandy 

soil properties. Preliminary studies were carried out to study the 

possibility of using the CKD as an amendment for the sandy soils. Two 

cement kiln dusts were investigated, one was collected from El-Minia 

white cement factory and the other was collected from Beni - Suef 

black cement factory. The two CKD had a high total soluble salts 

(T.S.S.), soluble cations (Ca+2, Mg+2, Na+ and K+) and soluble anions 

(CO3
-2, HCO3

-, Cl- and SO4
-2) therefore, each CKD was modified by 

leaching with water using four leaching treatments (leaching with 0, 5, 10 

and 20 times water). Thereafter, a pot experiment using a sandy soil 

cultivated with corn was set up to study the efficiency of using the 

modified white CKD (leached with 20 times water) as a soil 

amendment. The modified white CKD was applied to the sandy soil at 

six rates (0, 5, 10, 15, 20 and 25 Mg ha-1). The obtained results of the 

current study show that the T.S.S., Cl-, Na+ and K+ of the raw black 

CKD were higher than those of the raw white CKD, however, the  

CO3
-2, Ca+2 and Mg+2 of the raw white CKD were higher than those of 

the raw black CKD. Leaching the two CKD with water decreased the 

T.S.S. and soluble ions. The best leaching treatment for modifying the 

CKD is the leaching with 20 times water. The leaching efficiency for 

the white CKD was better than that for the black one. Application of 

the modified white CKD at the rate of 25 Mg ha-1 to the sandy soil 

decreased the real density, porosity, percolation rate, and infiltration 

rate; while; it increased the plant height, fresh and dry weight of the 

corn shoots, and water use efficiency by the plants, but it decreased the 

water consumptive use by the plants. In general, application of the 

modified white CKD improves the sandy soil properties, decreases the 

lost water by leaching, rationalizes the irrigation water use, and 

enhances the corn growth. It could be recommended to use the 

modified white CKD at the rate of 25 Mg ha-1 as an amendment for the 

sandy soils under the conditions of EI-Minia Governorate. 
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Cement kiln dust (CKD) is a significant by-product material of the cement 

manufacturing process (Adaska and Taubert, 2008). The cement kiln dust vary 

markedly from plant to plant in chemical, mineralogical and physical 

T 
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composition, depending upon the feed raw materials, type of kiln operation, dust 

collection facility and the fuel used (Klemm, 1980). The particle size of CKD is 

dependent upon the type of kiln operation (Adaska and Taubert, 2008).  

 

The globally growing demand of cement results in towering collection of kiln dust 

from cement plants. The disposal of this fine dust is very difficult and poses an 

environmental threat (Rahman et al., 2011). The cement industry in Egypt applies dry 

processes in cement manufacture and releases a large amount of CKD, which is 

considered as a waste and a pollutant. Therefore, it was desired to make use of this 

waste and to save the environment (Waly et al., 2007). A medium size cement plant 

may produce up to 30000 tons of CKD annually (Rahman et al., 2011). 

 

In order to minimize the undesirable environmental impacts and to conserve 

materials, many researches have been conducted to investigate the beneficial 

commercial uses of CKD as a raw material, construction material, base stabilizing 

for pavements, low-strength backfill, municipal landfill cover, adsorbent, waste 

water treatment, waste remediation, fertilizer, agricultural soil enhancement and 

improving sandy soil properties (El-Awady and Sami, 1997, Adaska and Taubert, 

2008, Rodd et al., 2009 and Rahman et al., 2011). 

 

Application of the cement kiln dust improves the sandy soil properties so as to 

provide suitable conditions for the plant growth. Rahman et al. (2011) observed that 

as the CKD increases from 0% to 50% by weight of soil, the maximum dry density of 

the sandy sabkha soil (indigenous Saudi Arabia soil) was decreased from 1.920 to 

1.716 g/cm
3
. Similarly, the moisture content was increased from 9.58% (for 0% 

CKD) to 14.52% (for 50% CKD). Schreiber et al. (1998) pointed out that due to its 

ability to hold water from 40% to 50% of its weight, CKD can assist in drought 

resistance. Rahman et al. (2011) reported that the permeability of silty fine sand was 

somewhat decreased from 3×10
-3
 to 1×10

-4
 cm/sec when treated with 20% CKD. 

 

The agriculture use of the cement kiln dust is a useful management practice as      

it is a soil conditioner and a source of nutrients to increase the crop yield. Carroll et al. 

(1964) studied several different types of the cement dusts as a replacement of 

chemical fertilizer. They found that the cement dusts have the same ability to increase 

yields of alfalfa. The dust could supply plants with enough amounts of S, Mg and K. 

Khader and Abu-Rub (1986) studied the possibility of using CKD as a fertilizer, 

however, CKD did not show any significant effect on the dry matter yield of barley 

when planted in sand and soil mixed with CKD. Therefore, one should remember that 

these beneficial usages critically depend on the chemical and physical properties of 

the CKD. Naylor and Dangeau (1985) suggested the agriculture use of CKD as a 

beneficial management practice. The U.S. Bureau of Mines reported that CKD 

contained beneficial amounts of crop micro- and macro-nutrients (Hynes and Kramer, 

1982). In Australia, Dan et al. (1989) found that CKD increased the crop yield equally 

well as crushed limestone. Fraiman  et al. (1991) recommended the use of bypass dust 

containing high levels of K2O, SO3 and Cl, in fertilizer applications. Rahman  et al. 

(2011) concluded that CKD may be useful as a soil conditioner and source of nutrient 

to enhance crop yield. 
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The main objectives of the current study are to evaluate the cement kiln dust 

of El-Minia and Beni - Suef cement factories as a soil amendment and to study its 

effect on some soil properties, growth and water use efficiency by corn plants 

grown in a sandy soil. 
  

 
Material and Methods 

Soil 
 

The used soil in this study was loamy sand and collected from the newly 

reclaimed desert land at western district of the Nile Valley, West of Samalout,  

El-Minia Governorate. Some analytical data of the studied soil are given in Table 1. 
 

TABLE 1. Some analytical data of the studied soil. 

 
            Soil properties Value 

 Particle size distribution: 

 Coarse sand (%) 

 Fine sand (%)  

 Silt (%) 

 Clay (%) 

 Texture grade 

 

52.1 

30.1 

15.8 

  2.0 

Loamy sand 

 pH (1:2.5) 7.9 

 CaCO3   (g kg-1)         105.0   

 OM (g kg-1) 6.6 

 EC (1:5) (dS m-1)             0.7 

 Soluble cations (g kg-1): 

 Ca+2  

 Mg+2  

 Na+  

 K +  

 

0.4 

0.1 

0.1 

  0.01 

 Soluble anions (g kg-1): 

 Cl-  

 SO4
-2  

 CO3
-2  

 HCO3
-  

 

0.1 

1.8 

------- 

1.7 

 

Cement kiln dust (CKD) 
 

Two cement kiln dusts were tested, one was collected from El-Minia white 

cement factory and the other was collected from Beni - Suif black cement factory. 

Some analytical data of the tested CKD are given in Table 2. 
 

Cement kiln dust modification 
 

 Each CKD was modified by leaching with water using four leaching 

treatments (leaching with 0, 5, 10 and 20 times water). After leaching and drying, 

the CKD samples were analyzed for E.C., soluble cations and anions as shown   

in Table 3. 
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TABLE 2. Comparison between the raw black CKD  and white CKD. 

 
 

CKD 

Chemical properties 

Raw black 

 CKD 

Raw white  

CKD 

EC (dS m-1) 21.6 10.3 

Ca+2  (g kg-1)   4.0  9.2 

Mg+2  (g kg-1)  0.1  0.2 

Na+ (g kg-1)  1.4  0.3 

K+ (g kg-1)  5.2  0.2 

Cl- (g kg-1)          45.0  2.8 

SO4
-2 (g kg-1) 0.4  4.8 

CO3
-2 (g kg-1) 5.9  7.0 

HCO3
- (g kg-1) -----  ------ 

 
TABLE 3.  Effect of leaching on some chemical properties of the two  tested CKDs. 

 

CKD 

chemical 

properties 

 Leaching treatments for the 

black CKD 

Leaching treatments for the  

white CKD 

0  

Times 

water  

5  

Times 

Water* 

10 

Times 

water 

20 

Times 

water 

0  

Times 

water 

5  

Times 

water 

10 

Times 

water 

20 

Times 

water 

EC (dS m-1)  21.6 14.7 12.6 10.8 10.3 7.4 6.1 4.8 

Ca+2 (g kg-1) 4.0 2.6 2.0 1.3 9.2 5.2 4.5 4.1 

Mg+2 (g kg-1) 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 

Na+ (g kg-1) 1.4 0.6 0.5 0.4 0.3 0.2 0.1 0.1 

K+ (g kg-1) 5.2 4.8 2.8 1.5 0.2 0.1 0.1 0.1 

Cl- (g kg-1) 45.0 15.0  13.0  7.5                         2.8 0.9 0.4 0.2 

SO4
-2 (g kg-1) 0.4 0.3 0.3 0.2 4.8 3.8 2.6 2.2 

CO3
-2 (g kg-1) 5.9 5.6 5.3 5.1 7.0 5.0 4.8 2.8 

HCO3
- (g kg-1) ----- ----- ----- ----- ----- ----- ----- ----- 

* 5 Times water = The CKD was leached with 5 times water. 
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Effect of the modified white CKD on some physical properties of sandy soils  

The modified white CKD (leached with 20 times water) was applied to the 

sandy soil at six rates (0, 5, 10, 15, 20 and 25 Mg ha
-1

). The modified white CKD. 

The particle and bulk densities, porosity, percolation rate, and infiltration rate 

were determined and presented in Table 4. 

 
  TABLE 4. Effect of the modified white CKD on some physical properties  of the 

sandy soil. 
 

CKD 

treatments 

(Mg ha-1) 

Bulk  

density  

(Mg m-3) 

Particle 

density  

(Mg m-3) 

Total 

porosity 

 (%) 

Percolation 

rate  

(cm min-1) 

Infiltration 

rate 

(cm min-1) 

Control (0.0) 1.57 2.77 43.32 1.75 0.78 

5 1.55 2.73 43.22 1.56 0.71 

10 1.54 2.71 43.17 1.40 0.64 

15 1.54 2.67 42.32 1.27 0.60 

20 1.52 2.57 40.86 1.22 0.58 

25 1.52 2.55 40.39 1.17 0.57 

 

Pot experiment: Effect of the modified white CKD on some corm vegetative 

growth parameters and water use by the corn plants  
 

The modified white CKD was applied to the sandy soil at six rates (0, 5, 10, 

15, 20 and 25 Mg ha
-1

). Each treatment was replicated 3 times. Five kg of the air 

dried treated soil were filled in a plastic pot (16 cm diameter and 20 cm depth). 

Five grains of corn (Zea mayz) were planted in each pot on 27 July 2011. Two 

plants were finally left to grow in each pot and received the normal fertilization of 

organic manure, N, P and K at the equivalent rates of 25 Mg organic manure, 

247.5 kg N, 155 kg P2O5 and 187.5 kg K2O ha
-1

. At 20 days of corn planting, the 

plants were sprayed with a micronutrients solution containing Fe, Zn, Mn and Cu. 

Irrigation was followed every fourth day with an amount of water to compensate 

loss in moisture which was maintained at field capacity. At 90 days of corn 

planting, plant height (cm/plant) and water consumptive use by corn plants (l/pot) 

were recorded. The above ground part of corn plants was cut. Then, fresh and dry 

weights of the corn shoots were recorded (g/pot). Water use efficiency was 

calculated as gram production of dry matter/liter of the consumed water. 
 

Laboratory analysis 
 

a. Soil and CKD chemical analysis 
 

1.pH was measured in a 1:2.5 soil-water (or CKD-water) suspension by a pH  
    matter as described by  Page et al. (1982). 

2. Electrical conductivity was determined in a 1:5 soil-water (or CKD-water)    

     extract using an EC meter as described by  Page et al. (1982). 

  3.Total carbonates were determined using the calcimeter apparatus  (Scheibler)  as 

CaCO3 as described by Houba et al. (1974). 
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4. Organic matter was determined as total carbon according to Walkley and   

     Black
,
s method (Page et al., 1982). 

5. Soluble cations (Ca
+2

, Mg
+2

, Na
+
 and K

+
) and soluble anions (CO3

2-
, HCO3

-
 , 

     Cl
-
  and SO4

2-
) were determined according to Page et al. (1982). 

 

b. Soil physical analysis 
1. Particle size distribution was carried out according to the international  

pipette method (Klute, 1986). 
2. The percolation rate was determined and calculated according to Pankov  

(1974) from the following equation: 
  

   Depth of the percolated water (cm) 
 

          Percolation rate =     
    Time (min) 

 

3. Infiltration rate was determined and calculated according to Singh (1980). 

4. Particle and bulk densities were carried out according to Klute (1986). 

5. Total porosity was calculated according to Klute (1986) from the  following 

equation:  

 

Bulk density 

        Porosity (%) = (1 ــ                                              ) x 100     

   Particle density 

 

Results and Discussion 

 
Comparison between the raw black CKD and white CKD  
 

Data given in Table 2 show that the two CKDs had a high total soluble salts 

expressed as EC, soluble cations (Ca
+2

, Mg
+2

,
 
Na

+
 and K

+
) and soluble anions   

(Cl
-
, SO4

-2
 and CO3

-2
). 

 

Comparing the EC and soluble ions of each raw CKD, the results indicate that 

the values of EC, Cl
-
, Na

+
 and K

+
 of the raw black CKD were higher than those of 

the raw white CKD, however, the values of Ca
+2

, Mg
+2

, CO3
-2

 and SO4
-2

 of the 

raw white CKD were higher than those of the black CKD. These results are in a 

close agreement with those reported by Klemm (1980) who pointed out that the 

CKD vary markedly from plant to plant in chemical, mineralogical and physical 

composition, depending upon the feed raw materials, type of kiln operation, dust 

collection facility and the fuel used. 

 

Cement kiln dust modification 

It is known that the CKD has a high content of salts and soluble ions. Its 

application to a soil causes salinity build up in the soil. The CKD need to be 

leached so as to decrease its content of salts and soluble ions. 
 

In the current study, each CKD was modified by leaching with water using 

four leaching treatments (leaching with 0, 5, 10 and 20 times water).  
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Data presented in Table 3 show the effect of leaching on some chemical 

properties of the two tested CKDs. As can be seen from Table 3, increasing the 

leaching treatrments from 0 times water (unleached) up to 20 times water 

gradually decreased the EC and soluble ions of both CKDs compared to those of 

the unleached ones.  

 

The lowest values of EC, Ca
+2

, Mg
+2

, Na
+
, K

+
, Cl

-
, SO4

-2
 and CO3

-2
 were 

obtained when both CKDs were leached with 20 times water. Therefore, the best 

leaching treatment for the CKD is the leaching with 20 times water.  
 

The values of EC, Ca
+2

, Mg
+2

, Na
+
, K

+
, SO4

-2
 and CO3

-2
 of the black CKD, 

leached with 20 times water, relative to the unleached black CKD were 50, 32, 

100, 71, 71, 83, 50 and 14%, respectively, while, those of the white CKD, relative 

to the unleached white CKD were 47, 45, 50, 33, 50, 7, 46 and 40%, respectively. 

 

The values of the EC and soluble ions of the white CKD, leached with 20 

times water, were lower than those of the black CKD, leached with the same 

amount of water. The exception was that the values of Ca
+2

, and SO4
-2

 of the 

white CKD, leached with 20 times water, were higher than those of the black 

CKD, leached with 20 times water. In other words, the leaching efficiency of the 

white CKD was better than that of the black CKD.  Therefore, it was decided to 

use the modified white CKD in the pot experiment in order to study its effect on 

the sandy soil physical properties, corn growth, and water use efficiency by the 

corn plants. 

 

Effect of the modified white CKD on some physical properties of the sandy soil 

The modified CKD (leached with 20 times water) was applied to the sandy 

soil at six rates (0, 5, 10, 15, 20, and 25 Mg ha
-1

). The effect of the modified 

white CKD on some physical properties of the sandy soil is illustrated in Table 4. 
 

It can be observed from Table 4 that increasing the application rates of the 

modified white CKD from 0 (untreated control) up to 25 Mg ha
-1 

gradually 

decreased the particle density, total porosity, percolation rate, and infiltration rare 

of the sandy soil compared to those of the untreated one. 

 

The lowest values of the above mentioned soil properties were obtained when 

the CKD was applied at the rate of 25 Mg ha
-1

. However, the bulk density was 

slightly decreased by increasing the application rate of the CKD. The values of 

bulk density, particle density, total porosity, percolation rate, and infiltration rate 

of the sandy soil were 96.8, 92.1, 93.2, 66.9, and 73.1%; respectively; when the 

CKD was applied at the rate of 25 Mg ha
-1

 relative to the untreated soil.  

 

The decrease in the values of these soil properties suggests that application of 

the modified white CKD to the sandy soil improves its hydro-physical properties 

and decreases the lost water by leaching. Moreover, such decrease was enhanced 

by increasing the application rate of the CKD. 
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The decrease in the water movement (percolation rate and infiltration rate) of 

the sandy soil treated with the CKD may be attributed to the effect of the 

modified white CKD in increasing the amount of fine and colloidal particles in 

the treated soil, which partially blocked the macro pores and increased the soil 

micro pores, which in turn increased the hydraulic resistively of the treated sandy 

soils. Similar results were obtained by El-Sherif and El-Hady (1986) and Mekail 

(1988) who used the shales or bentonite in improving the sandy soil properties.  

 

Effect of the modified white CKD on some corn vegetative growth parameters 

and water use by the corn plants  

1. Some corn vegetative growth parameters 
Application of the modified white CKD to the sandy soil generally increased 

the corn vegetative growth parameters (plant height and fresh and dry weights of 

the corn shoots) compared to those of the untreated soil as shown in Table 5. The 

increase in these growth parameters was proportional to the increase in the CKD 

application rate. The values of the plant height of the corn plants were 104.4, 

109.2, 115.1, 117.5 and 119.5% for 5, 10, 15, 20 and 25 Mg of CKD/ha, 

respectively, relative to that of the control treatment 
 
TABLE 5. Effect of the modified white CKD on some corn vegetative growth 

parameters and water use by the corn plants. 

 

CKD 
treatments   

(Mg ha-1) 

Plant  
height 

 (cm) 

Fresh 
weight 

(g/pot) 

Dry  
weight  

(g/pot) 

Water 
consumptive 

use (l/pot) 

Water use 
efficiency  

(g/l) 

Control (0.0)  83.83 35.79  6.82 4.97 1.38 

5  87.50 39.59  7.17 4.84 1.48 

10  91.50 40.33  7.42 4.82 1.54 

15  96.50 47.11  8.70 4.79 1.82 

20  98.50 64.33  9.39 4.77 1.96 

25 100.20 67.19  10.77 4.71 2.29 

 

Relevant values for the fresh weight of the corn shoots were 110.6, 112.7, 

131.6 and 187.7% and for the dry weight of the corn shoots were 105.1, 108.8, 

127.6, 137.7 and 157.9% for 5, 10, 15, 20 and 25 Mg of CKD/ha, respectively, 

relative to that of the control treatment. 

 

The improvement in the studied growth parameters of corn may be due to the 

effect of the CKD on improving the hydro-physical and chemical properties of 

the treated soils. Consequently, the corn growth was enhanced. The obtained 

results and the prevailing discussion are in consistent with the findings of Lotfy 

and El-Hady (1984), El-Sherif and El-Hady (1986) and Mekail (1988) who used 
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the shales or bentonite in improving the sandy soil properties as well as Haynes 

and Kramer (1982), Naylor and Dangeau (1985), Dan et al. (1989), Fraiman et al. 

(1991) and Rahman et al. (2011) who used the CKD in improving the sandy soil 

properties. 

 

2. Water consumptive use and water use efficiency  by the corn plants 

The water consumptive use by the corn plants was slightly decreased, while, 

the water use efficiency by the con plants was increased by increasing the 

application rate of the CKD (Table 5). The increase in the water use efficiency by 

the corn plants could be attributed to the increase in the dry weight of the corn 

shoots on one hand and the decrease in the water consumptive use on the other 

hand.  
 

The increase in the water use efficiency by the corn plants ranged between 8.0 

to 67.2% for 5 and 25 Mg CKD/ha relative to that of the control treatment. 

 

The increase in the water use efficiency by the corn plants may be due that the 

CKD particles increased the soil water holding capacity and decreased the lost 

water by leaching, which increased the available water to the corn plants. 

Consequently, this available water will be used in producing much corn dry 

matter. These results are in harmony with those reported by Lotfy and El-Hady 

(1984), El-Hady and El-Sherif (1986) and Mekail (1988) who used the shales or 

bentonite in improving the sandy soil properties.  

 

In general, application of the modified white CKD improves the sandy soil 

properties, decreases the lost water by leaching, rationalizes the irrigation water 

use and enhances the corn growth. Therefore, it could be recommended to use the 

modified white CKD at the rate of 25 Mg ha
-1 

as an amendment for the sandy soil 

under the conditions of El-Minia  Governorate. Field studies are under 

application. 
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 دراسات مبدئية - 01 تقييم تراب فرن األسمنت كمحسن لألراضي الرملية

 
 كوثر هارون محمد و  ، حسن علي حسن ، جمال مصطفى الضوي محمود أحمد مرسي

 . مصر –المنيا  –جامعة المنيا  –الزراعة  كلية –قسم األراضي 

 
 

إن إعادة استخدام بعض مخلفات الصناعة أو نواتجها الثانوية مثل تراب فرن 

إن تراب فرن . األسمنت له تأثير مفيد في منع أو على األقل تقليل التلوث البيئي

األسمنت مفيد كمادة خام ومادة بناء ومادة ماصة ولتحسين خواص األراضي 

أجريت دراسات مبدئية لدراسة إمكانية استخدام تراب فرن األسمنت . مليةالر

األول من : ثنين من تراب فرن األسمنتإتمت دراسة . كمحسن لألراضي الرملية

كال . مصنع المنيا لألسمنت األبيض والثاني من مصنع بني سويف لألسمنت األسود

الكالسيوم، )ة والكاتيونات الذائبة المادتين لهما محتوى عالي من األمالح الكلية الذائب

الكربونات، )ومن األنيونات الذائبة ( الماغنسيوم، الصوديوم و البوتاسيوم

لهذا فقد تم تعديل كل من المادتين بالغسيل (. البيكربونات، الكلوريد والكبريتات

(. مثل من الماء 00، 00، 5، 0الغسيل بـ )ربع معامالت غسيل أستخدام إبالماء ب

، 00، 5، 0)ت تجربة أصص باستخدام تربة رملية أضيف لها ستة معدالت أجري

ميجا جرام هكتار 05 و 00
-0

 المغسول )من تراب فرن األسمنت األبيض المعدل ( 

 . لدراسة تأثيره كمحسن تربة( مثل من الماء 00بـ 

 

نتائج الدراسة أن تراب فرن األسمنت األسود يحتوي على أمالح ذائبة  توضح

ة وكلوريد وصوديوم وبوتاسيوم أعلى من تراب فرن األسمنت األبيض، بينما كلي

يحتوي تراب فرن األسمنت األبيض على كربونات وكالسيوم وماغنسيوم أعلى من 

أدى غسيل كل من المادتين بالماء إلى نقص في . تراب فرن األسمنت األسود

عاملة غسيل لتعديل تراب فرن كانت أحسن م. األمالح الذائبة الكلية واأليونات الذائبة

مثل من الماء وكانت كفاءة غسيل تراب فرن األسمنت األبيض  00االسمنت هي 

النتائج أن إضافة تراب  توضحو. أفضل من كفاءة غسيل تراب فرن األسمنت األسود

ميجا جرام هكتار 25فرن األسمنت األبيض بمعدل 
-0 

لألراضي الرملية أدت إلى 

لحقيقية والمسامية الكلية ومعدل تخلل الماء ومعدل رشح الماء نقص كل من الكثافة ا

واالستهالك المائي بينما أدت إلى زيادة كل من طول نباتات الذرة والوزن الطازج 

ستخدام الماء تؤدى إضافة تراب فرن إوالوزن الجاف لالجزاء الهوائية للذرة وكفاءة 

إلى تحسين خواص ( لماء مثل من ا 00المغسول بـ ) األسمنت األبيض المعدل 

األراضي الرملية وتقليل فقد الماء بالغسيل منها وترشيد استخدام مياه الري وتحسين 

ميجا جرام من تراب فرن  05ستخدام إوتوصي الدراسة ب. نمو نباتات الذرة بها

هكتار كمحسن (/ مثل من الماء  00المغسول بـ ) األسمنت األبيض المعدل 

 .ظروف محافظة المنيالألراضي الرملية تحت 

 


