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ABSTRACT 

 
Two field experiments were conducted on clay loam soil during the two successive seasons, summer season 2013 using 

maize plants and winter season 2013/2014 using wheat plants at El-Gemmeiza Agricultural Research Station, El-Gharbia 

Governorate to evaluate the effect and residual effects of compost rates placed in 20 and 40 cm depths, arranged in parallel 

orientation with respect to one another and spaced at 3 m apart or placed on the surface soil layer as well as the control on 

improving some soil chemical properties and availability of some nutrients either macro or micro, and the productivity of yield 

and yield components of maize and wheat plants. Furthermore, economical analysis was done by calculating the net income and 

investment ratios to determine the economical treatment. The experiments were conducted in a split plot in a randomized 

complete block design (RCBD) with three replicates. Results can be summarized as follows:(1)- All treatments slightly decreased 

the soil reaction (pH). Furthermore, all treatments caused progressive increases in soil salinity (EC) and total soluble salts (TSS) 

for the two soil depths (0-20 and 20-40cm) in the two growing seasons. Also, soluble cations and anions slightly increased with 

all treatments. While, SAR values were decreased compared with the control for the two soil depths in the two growing seasons. 

(2)- Generally the application depth and the addition rates of compost clearly enhanced the nutrient statues of the investigated 

soil.( 3)- Organic carbon (O.C, %) and C/N ratio were slightly increased in surface and subsurface soil layers as a result of the 

application depth and the addition rates of compost. (4)- All treatments led to markedly increases in the available macronutrients 

(N, P and K) and available micronutrients (Fe, Zn, Mn and Cu) of the soil at the two soil depths in the two growing seasons either 

with mole depth or compost rates.( 5)- The yield and yield components of maize and wheat positively responded to all treatments 

compared with the control. The highest values of yield and its components for maize and wheat plants were obtained by the 

addition of 10 ton compost fed -1in 40 cm mole depth. The highest grain yield of maize plants increased to 68.46 %, also, the 

highest grain and straw yields of wheat plants increased to 70.27 and 91.67 %, over the control, respectively. (6)- According to 

the economical analysis, the application of 10 ton compost fed-1in 40 cm mole depth was the best treatment compared with the 

other treatments, since it gave the highest net income (12346.38 L.E fed-1.). While, the lowest values were always incorporated 

with control (10 cm surface depth without any applications of compost). (7)- Therefore, it is more useful to use those treatments 

(compost rates at different depths) to get a markedly improve in both chemical properties and nutrients which reflect on higher 

yield incorporated with high net income, as well as to substitute a part of chemical fertilizers by using compost to minimize the 

pollution resulted from the intensive use of it. 

Keywords: Moles, compost and soil chemical properties. 
 

INTRODUCTION 

 

When compost is applied to the soil, it can 

support plant growth and enhance plant yield as well as 

improve the physical, chemical and biological 

properties of soils (Convertini et al., 2004). Compost 

also increases the organic matter content of the soil and 

it is considered a source of nutrients for agricultural 

production (Bevacqua and Mellano, 1993 and Smith, 

1995). Pinamonti (1998) indicate that both compost 

mulches increased organic matter content, available 

phosphorous and exchangeable potassium of the soil.  

Epstein et al.,
 

(1975) found that sludge and 

compost increased the salinity and chloride levels of the 

soil to a level which may affect salt-sensitive plants. 

Nitrate-nitrogen levels were the highest at the 15–20 cm 

soil depth but decreased sharply below this level. 

Available phosphorus was high during the 2-year study 

and appeared to be in excess of that needed for good 

crop growth. McAndrew and Malhi (1990) reported that 

compared to adjacent unplowed (check) treatments, 

deep plowing resulted in significant improvements in 

soil chemical properties at most of the sites. The sodium 

adsorption ratio (SAR) of the AB horizon (12- or 15- to 

30 cm depth) was lower after deep plowing at all four 

sites. Extractable and soluble Ca increased in the Ap 

horizon (0-12 cm) of deep plowing soils, whereas 

extractable Na decreased in the Ap or AB horizons at 

three sites. The pH of the Ap horizon increased from 

acidic to neutral at three sites, while EC of the Ap  

 

 

horizon decreased at two sites. El-Maddah and El-

Sodany (2003) reported that the crossed moles of deep 

plowing at 30 and 60 cm depth were better during the 

two seasons since they decreased EC, SAR and total 

soluble salts. Alamouti  and Navabzadeh (2007) 

reported that by increasing the plowing depth, the soil 

organic carbon and crop yields improved but there were 

no significant differences between the semi-deep and 

deep tillage system.  

Eghball et al., (2004) found that the residual 

effects of manure and compost applications significantly 

increased soil electrical conductivity and pH levels and 

plant-available P and NO3–N concentrations. El-Shouny 

(2006) reported that the application of different rates of 

soil amendments, i.e., FYM and sulphur to clay soil at 

Kafer El-Shiekh Governorate decreased pH and ESP but 

increased the soluble cations and anions. El-Hady and 

Abo-Sedera (2006) reported that the soil conditioning 

positively affect chemical and biological properties of 

the soil where it slightly decreased soil pH and 

increased OM, organic carbon, total nitrogen % in the 

soil, Because the increase in total nitrogen is higher than 

that in organic carbon, narrower C/N ratio of treated 

soils were obtained indicating the mineralization of 

organic nitrogen compounds and hence the possibility to 

save and provide available forms of N to grow plants 

and increase N, P and K in treated soil. El-Sodany  and   

El-Maddah (2009) reported that the use of organic 
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matter led to a slightly decreases in soil reaction (pH) 

and progressive increases in soil salinity (EC), soluble 

ions (Ca, Mg, Na, HCO3, Cl and SO4), total soluble salts 

(TSS) and sodium adsorption ratio (SAR). El-Maddah et 

al., (2012) found that all soil conditioners slightly 

decreased the soil reaction (pH) and  increase    soil 

salinity, Organic carbon (O.C, %) , C/N ratio, available 

NPK and Soil extractable metals (Fe, Zn, Mn and Cu).  

On the other hand, addition of compost could be 

a way to create a better environment for plants growth. 

Maiorana, et al. (2005) concluded that the compost 

application allowed good yields and quality, even 

without an additional mineral fertilization.  

McAndrew and Malhi (1990) reported that 

compared to adjacent unplowed (check) treatments, 

crop yield increased due to deep plowing (DP) at the 

three sites where yields were measured. Abou El-Seoud 

et al. (1997) found that increasing compost addition in 

the newly reclaimed soils significantly increased both 

the dry matter production and yield of fruits.  

Sowicki (2003) stated that compost addition 

significantly increased sunflower dry weight, seed yield, 

oil content and major elements (NPK). Osman et al. 

(2014) found that increasing the addition of compost up 

to 4 ton fed
-1

 increased significantly values of plant 

height, plant dry matter at 90 days from planting as well 

as the head diameter, seed yield  plant
-1

, 1000 seed 

weight and seed yield (ton fed
-1

) of sunflower plant at 

harvest time 120 days from planting.  

Hence,the purpose of this work is to find out the 

effect and residual effects of compost rates placed in 

moles at 20 and 40 cm depth, arranged in parallel 

orientation with respect to one another's at 3 m spacing 

or placed on the surface layer on improving some soil 

chemical properties, status of nutrients and productivity 

of crops. Moreover, substituting a part of chemical 

fertilization with compost to minimize the pollution 

resulted from its intensive application . Furthermore, the 

whole improvements of such soils are economically 

determined by calculating the net income for all 

treatments.  
 

MATERIALS AND METHODS 
 

Field experiments were conducted at El-

Gemmeiza Agricultural Research Station, El-Gharbia 

Governorate during the two consecutive growing 

seasons (summer season of 2013 and winter season of 

2013/2014) to study the direct and residual effects of 

compost rates placed in moles 20 and 40 cm deep 

arranged in parallel orientation with respect to one 

another and spaced at 3m aparts or placed on the surface 

layer as well as the control on improving some soil 

chemical properties, some nutrients contents and the 

productivity of crops for clay loam soil. Some soil 

properties of the experimental soil are presented in 

Table (1-a) and analysis results of the used compost are 

shown in Table (1-b).  

The factors involved in this study were three 

plowing depths (D1 = Surface tillage ≈ 10 cm depth, D2 

= 20 cm mole depth and D3 = 40 cm mole depth) as the 

main plots, while the compost rates (C1 = 0.0 ton/fed 

(without), C2 = 5.0 ton/fed and C3 = 10.0 ton/fed were 

considered as sub plots. The plot area of the experiment 

was 48 m
2
 (6 m in width and 8 m in length) with three 

replicates where the area of the experiment was divided 

into 9 plots using a split plot in randomized complete 

block design. 

The moles were constructed at 20 and 40 cm depths 

by special ditcher, then the compost was placed on the 

soil surface or filled moles manual. The addition of 

compost were done before maize sowing in the first 

season only and the residual effects of compost were 

studied on wheat crop in the second one, where the 

same experimental plots were left without application of 

compost.  

Maize grains (Zea mays, three way cross 321) 

were planted in the first season (summer 2013) at the 

rate of 14 kg/fed. during the first week of June 2013. 

While wheat grains (Sakha 93 variety) were planted in 

the second season (winter 2013/2014) at the rate of 60 

Kg/fed. during the third week of November 2013.  

During the two seasons, half of the basal doses of 

N, P and K were applied according to the 

recommendations for each crop, to minimize the 

pollution resulting from mineral fertilizres. 60 Kg N/fed 

in the form of ammonium nitrate (33.5 % N), 15.5 Kg 

P2O5/fed in the form of supper phosphate (15.5 % P2O5) 

and 24 Kg K2O /fed in the form of potassium sulphate 

(48% K2O) for maize and 35 Kg N/fed as ammonium 

nitrate, 7.5 Kg P2O5/fed as supper phosphate and 12 Kg 

K2O /fed as potassium sulphate) for wheat. 

Table1-a. Initial soil properties of the experimental 

site before sowing. 
Soil depth, cm 0-20 20-40 Soil depth, cm 0-20 20-40 

Physical properties 

Particle size distribution 
Texture class 

Clay 

loam 

Clay 

loam 

Coarse sand, % 4.07 3.55 Bulk density (Db, g cm-3) 0.17 0.16 

Fine sand, % 18.87 18.91 Total porosity (E, %) 0.07 0.06 

Silt, % 38.06 37.58 

Hydraulic conductivity (Kh, cm 

hr-1) 0.00 0.00 

Clay, % 39.00 39.96 CaCO3, % 3.76 3.64 

Chemical properties 

Organic matter 

(O.M, %) 
2.80 2.40 

Organic carbon (O.C, %) 1.622 1.390 

Total nitrogen 

(T.N, %) 0.148 0.138 C/N ratio 10.96 10.07 

EC, dSm-1 2.61 2.95 pH, 1:2.5 (susp.) 8.11 8.27 

Soluble cations, meq l-1 Soluble anions, meq l-1 

Ca2+ 7.38 8.21 CO3
2- 0.00 0.00 

Mg2+ 6.63 7.97 HCO3- 4.65 4.84 

Na+ 11.81 13.08 Cl- 11.73 14.45 

K+ 0.28 0.24 SO4
2- 9.72 10.21 

 

Table 1-b.Initial chemical characteristics of the used 

compost. 
Properties Compost Properties Compost 

Density, g/cm3 0.57 Organic matter, % 26.89 

Moisture content, % 16.70 Organic carbon, % 15.60 

Ash, % 73.11 C/N ratio 11.14 
pH (1:10 manure: water) 7.60 Total N, % 1.400 

EC, dS m-1(1:10  manure 

: water) 4.02 
Total P, % 

1.10 
Ca, % 0.84 Total K,  % 1.30 

Mg, %  0.29 Fe, ppm 1215.00 

Na, % 0.27 Zn, ppm 31.00 
Cl, % 0.14 Mn, ppm 56.00 

Nematode,insect/200 gm … Cu, ppm 93.00 
 

The normal agricultural practices except those under 

study were carried out as usual for each crop according 

to the recommendations of El-Gemmeiza Research 

Station. 
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At harvesting of each growing season, soil samples 

(0-20 and 20-40 cm depths) were collected from each 

plot. The collected soil samples were air-dried, ground 

and passed through 2 mm sieve and stored for chemical 

analysis. 

Soil  pH in  soil water  suspension (1: 2.5) and soil  

electrical  conductivity   (EC, dSm
-1

) in soil paste 

extract were measured. Soluble cations and anions were 

determined in soil paste extract using the methods 

described by Page et al. (1982).  

Sodium Adsorption Ratio (SAR) was calculated as: 

              SAR =  

2

/

/

lmeqMgCa

lmeqNa






 

Total soluble salts, % were calculated according to 

the following equation: 

T.S.S  % = 
100

064.0 SPdSmEC -1 ××
 

where: SP = Saturation percentage 

Organic matter was determined by Walkely and 

Black method according to Black (1965). Total NPK of 

the soil were determined according to Hesse (1971). 

Total nitrogen by macro-Kjeldahel method, total 

phosphorus colorimterically using ascorbic acid  and 

total potassium by flame photometer method.  

Available NPK of soil were determined 

according to Hesse (1971). Available N was extracted 

by 2M KCl and determined using the micro-kjeldahel 

method. Available P was extracted by 0.5N NaHCO3 

solution at pH 8.3 and determined using ascorbic acid 

method and available K was extracted by ammonium 

acetate solution at pH 7.0 and determined using the 

flame photometer. 

The concentrations of micronutrients (Fe, Zn, Mn 

and Cu) of soil samples were determined by DTPA-

method as described by Lindsay and Norevell (1978) 

and  measured by an Atomic Absorption 

Spectrophotometer (AAS). 

Total yield of both maize and wheat for each plot 

was separately harvested, weighed and related to tons 

fed
-1

, also wheat straw (Ton fed
_1

.). 100 corn seed and 

1000 wheat seed weight were determined for each 

treatment. Ten random plants per plot were sampled at 

harvest of each crop to determine the following 

characters. 

Maize growth characters: 

1- Plant height, (cm)       2- Ear length, (cm) 

3- Ear diameter, (cm)      4- Number of rows per ear. 

5- Number of kernels per row   

6- Dry matter after 80 days of sowing (g plant
-1

) 

Wheat growth characters. 

1- Plant height, cm               2- Spike length, cm            

3- Dry matter after 90 days of sowing, g 10 plants
-1 

Economic evaluation was done to compare between 

different treatments to state which one is the best. The 

test was executed according to the price of the yield 

(1500 LE Ton
-1

) maize in the first season and (2800 LE 

Ton
-1

) grain of wheat and (1000 LE Ton
-1

) straw of 

wheat in the second season, as well as the cost of 

different treatments were calculated considering 

conventional method of both fixed and variable costs. 

Total cost per fed was calculated by multiplying the 

hourly cost by the actual time required by the machine 

to cover one feddan. The collected data were 

statistically analyzed according to procedure out lined 

by Sendecor and Cochran (1981). The mean values 

were compared at 0.05 level using L.S.D. 
 

RESULTS AND DISCUSSION 
 

I- Effect of different treatments on some soil 

chemical properties. 

1- Soil reaction (pH). 

Results in Tables (2 and 3) indicate that all 

different treatments led to a decrease in soil reaction 

(pH) for the two seasons at (0-20 and 20-40 cm depths) 

compared with the control. The decreases in soil pH 

values were ranged from 1.13 to 4.64 %, 1.96 to 5.64 % 

in the first season .The corresponding decreases for the 

second season were from 0.13 to 0.92%, 0.26 to 0.78 % 

in the second one under the control for the two soil 

depths, respectively. Where, the lowest value was 

obtained by the addition of 10 ton compost fed
-1

 in 40 

cm mole depth.  

Data in Tables (2 and 3) also, reveal that the 

application depth was significantly decrease soil pH, 

where the use of 40 cm mole depth (D3) decreased it 

more than 10 cm surface depth or shallow tillage (D1). 

The decreases percent reached to 3.76, 4.83 % in the 

first season and 0.61, 0.56 % in the second one 

compared with the control at the two soil depths, 

respectively.  

The results show that increasing the compost 

rates gave significant decreases in soil pH. The lowest 

pH value was recorded by the addition of 10 ton 

compost/fed, which decreased to 4.22, 5.24 % in the 

first season and 0.57, 0.70 % in the second one 

compared with the control for the two soil depths, 

respectively. Similar conclusion was obtained by El-

Shouny (2006), who reported that application different 

rates of soil amendments, i.e., FYM and sulphur to clay 

soil at kafer El-Shiekh Governorate decreased pH. 

These results are also in line with El-Sodany and El-

Maddah (2009) and El-Maddah et al. (2012). These 

results reveal that there is no wide variation between the 

different treatments on soil pH values because the 

magnitude of pH change depends on many soil 

properties, including buffering capacity and length of 

time after the application of the compost. 

2- Soil salinity (EC) and soluble ions. 

Data in Tables (2 and 3) and Fig. (1) show that 

all different treatments caused a significant affects on 

soil EC values. The highest values were obtained by the 

addition of 10 ton compost fed
-1

 in 40 cm mole depth, 

where it increased to 41.00, 32.88 and 38.29, 32.89 % 

over the control in the first and second seasons for the 

two soil depths, respectively. Similar results were 

obtained by El-Fayoumy et al. (2000), who reported that 

the addition of sludge-sulphur as soil amendments 

caused a significant increase in EC values at both El-

Nubaria and El-Gemmeiza sites. 
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The results show that the application depth led to 

significant increase on EC values. The use of 40 cm 

mole depth was more effective on increasing EC values 

than 10 cm surface depth or shallow tillage. The 

increases percent of EC values were reached to 34.36, 

28.59 % and 31.72, 29.08 % over the control in the first 

and second seasons for the two soil depths, respectively

 

Table 2: Effect of different treatments on some soil chemical properties in the first season (summer 2013). 

Application 

depth cm 

Compost rates 

(ton fed-1) 

pH, 1:2.5 

(susp.) 
EC, dSm-1 

Cations, meq/l Anions, meq/l 
SAR TSS, % 

Ca++ Mg++ Na+ K+ HCO3
- Cl - SO4

- - 

0-20 20-40 0-20 20-40 0-20 20-40 0-20 20-40 0-20 20-40 0-20 20-40 0-20 20-40 0-20 20-40 0-20 20-40 0-20 20-40 0-20 20-40 

D1 

(surface) 

C1 (0)(control) 7.97 8.15 2.61 2.95 7.38 8.21 6.63 7.97 11.81 13.08 0.28 0.24 4.35 4.54 12.03 14.75 9.72 10.21 4.46 4.60 0.13 0.14 

C2 (5) 7.76 7.85 3.14 3.53 9.34 10.97 9.19 9.86 12.54 14.16 0.33 0.31 4.78 5.38 14.74 17.72 11.88 12.20 4.12 4.39 0.16 0.18 

C3 (10) 7.67 7.77 3.55 3.87 11.20 12.70 10.57 11.39 13.35 14.25 0.38 0.36 5.24 5.87 16.79 19.49 13.47 13.34 4.05 4.11 0.18 0.20 

D2 

(20 cm) 

C1 (0) 7.88 7.99 2.82 3.15 8.14 9.20 7.40 8.72 12.34 13.29 0.32 0.29 4.71 5.00 13.24 16.02 10.25 10.48 4.43 4.44 0.14 0.16 

C2 (5) 7.70 7.80 3.42 3.65 10.93 11.35 10.28 10.73 12.66 14.12 0.33 0.30 4.75 5.20 16.18 18.42 13.27 12.88 3.89 4.25 0.18 0.18 

C3 (10) 7.63 7.71 3.61 3.91 11.40 12.82 11.47 11.76 12.87 14.18 0.36 0.34 5.16 5.71 16.77 19.31 14.17 14.08 3.81 4.04 0.19 0.20 

D3 
(40 cm) 

C1 (0) 7.74 7.83 3.22 3.63 9.70 11.48 9.50 10.38 12.65 14.12 0.35 0.32 5.21 5.74 14.80 17.87 12.19 12.69 4.08 4.27 0.17 0.18 

C2 (5) 7.67 7.75 3.62 3.83 11.93 12.65 11.25 11.54 12.63 13.75 0.39 0.36 5.58 5.84 16.86 19.18 13.76 13.28 3.71 3.95 0.19 0.19 

C3 (10) 7.60 7.69 3.68 3.92 12.15 13.03 11.55 11.96 12.70 13.83 0.40 0.38 5.62 5.88 17.01 19.70 14.17 13.62 3.69 3.91 0.19 0.20 

A 
Application 

depth cm 

D1 (surface) 7.80 7.92 3.10 3.45 9.31 10.63 8.80 9.74 12.57 13.83 0.33 0.30 4.79 5.26 14.52 17.32 11.69 11.92 4.21 4.36 0.16 0.17 

D2 (20 cm) 7.74 7.83 3.28 3.57 10.16 11.12 9.72 10.40 12.62 13.86 0.34 0.31 4.87 5.30 15.40 17.92 12.56 12.48 4.04 4.24 0.17 0.18 

D3 (40 cm) 7.67 7.76 3.51 3.79 11.26 12.39 10.77 11.29 12.66 13.90 0.38 0.35 5.47 5.82 16.22 18.92 13.37 13.20 3.83 4.05 0.18 0.19 

F - test 17.49* 30.02* 1842.88* 1024.62*               746.39* 844.50* 396.99* 25.00* 

L.S.D 0.05 0.09 0.09 0.03 0.03               0.05 0.05 0.00 0.01 

B      

Compost 
rates (ton) 

C1 (0) 7.86 7.99 2.88 3.24 8.41 9.63 7.84 9.02 12.27 13.50 0.32 0.28 4.76 5.09 13.36 16.21 10.72 11.13 4.32 4.44 0.15 0.16 

C2 (5) 7.71 7.80 3.39 3.67 10.73 11.66 10.24 10.71 12.61 14.01 0.35 0.32 5.04 5.47 15.93 18.44 12.97 12.79 3.91 4.20 0.17 0.18 

C3 (10) 7.63 7.72 3.61 3.90 11.58 12.85 11.20 11.70 12.97 14.09 0.38 0.36 5.34 5.82 16.86 19.50 13.94 13.68 3.85 4.02 0.19 0.20 

F - test 154.11* 211.49* 10179.93* 5017.55*               3155.29* 3108.49* 549.49* 871.00* 

L.S.D 0.05 0.06 0.06 0.02 0.03               0.03 0.03 0.01 0.01 

A * B 
F - test 7.22* 16.11* 413.40* 403.55*               83.97* 104.59* 26.00* 52.00* 

L.S.D 0.05 0.10 0.10 0.04 0.05               0.06 0.06 0.01 0.01 

 

Table3.Effect of different treatments on some soil chemical properties  in the second season (winter 

2013/2014). 

Application 
depth cm 

 Compost rates (ton 

fed-1) 

pH, 1:2.5 (susp.) EC, dSm-1 
Cations, meq/l Anions, meq/l 

SAR TSS, % 
Ca++ Mg++ Na+ K+ HCO3

- Cl - SO4
- - 

0-20 20-40 0-20 20-40 0-20 20-40 0-20 20-40 0-20 20-40 0-20 20-40 0-20 20-40 0-20 20-40 0-20 20-40 0-20 20-40 0-20 20-40 

D1 

(surface) 

C1 (0)(control) 7.59 7.67 2.69 2.98 8.68 9.31 7.84 9.34 10.14 10.90 0.24 0.25 3.89 4.23 12.11 13.26 10.91 12.31 3.53 3.57 0.13 0.15 
C2 (5) 7.58 7.65 3.24 3.55 11.17 12.23 10.33 11.48 10.60 11.50 0.30 0.29 4.38 4.83 15.15 16.27 12.88 14.40 3.23 3.34 0.17 0.18 

C3 (10) 7.57 7.64 3.62 3.89 12.74 13.80 11.97 13.08 11.14 11.69 0.35 0.33 5.20 5.35 17.04 17.79 13.97 15.77 3.17 3.19 0.19 0.20 

D2 

(20 cm) 

C1 (0) 7.58 7.65 2.89 3.21 9.62 10.73 8.50 10.11 10.52 11.00 0.29 0.28 4.33 4.65 12.84 14.10 11.73 13.36 3.50 3.41 0.15 0.16 
C2 (5) 7.56 7.63 3.48 3.68 12.51 12.84 11.37 12.16 10.65 11.53 0.30 0.29 4.47 4.82 15.73 16.40 14.60 15.58 3.08 3.26 0.18 0.19 

C3 (10) 7.55 7.60 3.67 3.94 13.34 14.03 12.24 13.41 10.81 11.66 0.34 0.32 4.85 5.26 16.94 17.79 14.92 16.36 3.02 3.15 0.19 0.20 

D3 

(40 cm) 

C1 (0) 7.57 7.64 3.24 3.72 11.09 12.86 10.55 12.15 10.44 11.78 0.32 0.31 4.88 5.28 14.85 16.58 12.67 15.24 3.17 3.33 0.17 0.19 
C2 (5) 7.54 7.63 3.67 3.86 13.28 13.88 12.19 13.10 10.88 11.28 0.35 0.34 5.71 5.35 16.13 17.44 14.76 15.81 3.05 3.07 0.19 0.20 

C3 (10) 7.52 7.61 3.72 3.96 13.50 14.38 12.44 13.53 10.90 11.33 0.36 0.36 5.78 5.38 16.42 17.69 15.11 16.53 3.03 3.03 0.19 0.20 

A 

Applicatio

n depth cm 

D1 (surface) 7.58 7.65 3.18 3.47 10.86 11.78 10.05 11.30 10.63 11.36 0.30 0.29 4.49 4.80 14.76 15.77 12.58 14.16 3.31 3.37 0.16 0.18 
D2 (20 cm) 7.56 7.63 3.35 3.61 11.82 12.53 10.70 11.89 10.66 11.40 0.31 0.30 4.55 4.91 15.17 16.10 13.75 15.10 3.20 3.27 0.17 0.18 
D3 (40 cm) 7.54 7.63 3.54 3.85 12.62 13.71 11.73 12.93 10.74 11.46 0.34 0.34 5.46 5.34 15.80 17.24 14.18 15.86 3.08 3.15 0.18 0.20 

F - test 867.91* 601.02* 5199.23* 3907.96*               14771.66*  4143.93* 182.00* 126.39* 
L.S.D 0.05 0.01 0.01 0.02 0.02               0.01 0.01 0.01 0.01 

B      
Compost 

rates (ton) 

C1 (0) 7.58 7.65 2.94 3.30 9.80 10.97 8.96 10.53 10.37 11.23 0.28 0.28 4.37 4.72 13.26 14.65 11.77 13.64 3.40 3.44 0.15 0.17 
C2 (5) 7.56 7.64 3.46 3.70 12.32 12.98 11.30 12.25 10.71 11.44 0.32 0.31 4.85 5.00 15.67 16.70 14.08 15.26 3.12 3.22 0.18 0.19 

C3 (10) 7.55 7.62 3.67 3.93 13.19 14.07 12.22 13.34 10.95 11.56 0.35 0.34 5.27 5.33 16.80 17.76 14.66 16.22 3.07 3.12 0.19 0.20 
F - test 679.00* 871.00* 13962.23* 10792.68*               14111.67* 16450.19* 309.42* 209.42* 

L.S.D 0.05 0.01 0.01 0.02 0.02               0.01 0.01 0.01 0.01 

A * B 
F - test 53.50* 47.50* 482.01* 1093.16*               207.58* 393.89* 10.71* 22.14* 

L.S.D 0.05 0.01 0.01 0.03 0.03               0.02 0.02 0.01 0.01 

Fig. (1): Effect of different treatments on soil electrical conductivity (EC, dSm
-1
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Concerning the effect of compost rates, the 

results reveal that soil EC values were significant 

increase by increasing compost rates addition. The 

highest EC values were recorded by the addition of 10 

ton compost fed
-1

, where the increases were 38.44, 

32.20 and 36.43, 31.88 % over the control for the two 

seasons at the two soil depths, respectively.  

Concerning the soluble ions, the results in Tables 

(2 and 3) show that the soluble calcium, magnesium, 

sodium, potassium, bicarbonate, chloride and sulphate 

increased with all different treatments, which take the 
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same trend as soil EC values. The increases percent of 

soluble Ca, Mg, Na, K, HCO3, Cl and SO4 were reached 

to 64.63, 74.21, 7.54, 42.86, 29.20, 41.40 and 45.78 % 

at 0-20 cm depth, 58.71, 50.06, 5.73, 58.33, 29.52, 

33.56 and 33.40 % at 20-40 cm depth in the first season, 

and 55.53, 58.67, 7.50, 50.00, 48.59, 35.61 and 38.51 % 

at 0-20 cm depth, 54.46, 44.86, 3.94, 44.00, 27.19, 

33.39 and 34.30 % at 20-40 cm depth in the second one 

over the control, respectively.  

The application depth led to significant increases 

in soluble ions. The highest values of soluble Ca, Mg, 

Na, K, HCO3, Cl and SO4 were reached to 11.26, 10.77, 

12.66, 0.38, 5.47, 16.22 and 13.37 meq/l at 0-20 cm 

depth, they also were 12.39, 11.29, 13.90, 0.35, 5.82, 

18.92 and 13.20 meq/l at 20-40 cm depth in the first 

season, while they were 12.62, 11.73, 10.74, 0.34, 5.46, 

15.80 and 14.18 meq/l at 0-20 cm depth, and were 

13.71, 12.93, 11.46, 0.34, 5.34, 17.24 and 15.86 meq/l 

at 20-40 cm depth in the second season, respectively. 

Also, the addition of compost rates increased soluble 

Ca, Mg, Na, K, HCO3, Cl and SO4 as compared with the 

control. Similar conclusion was obtained by El-Shouny 

(2006), who reported that application of different rates 

of FYM and sulphur to clay soil increased soluble 

cations and anions. The higher mean values of the 

treated soil with compost at the end of the second 

season compared with the first one may be due to high 

residual effect of this compost in the second season. 

These results are in agreement with that obtained by El-

Maddah et al. (2012). 

3- Sodium adsorption ratio (SAR) and total soluble 

salts (TSS).  

Results in Tables (2 and 3) indicate that sodium 

adsorption ratio (SAR) and total soluble salts (TSS) 

markedly affected by either the application depth or the 

compost rates addition. The lowest values of SAR and 

the highest values of TSS were recorded by the addition 

of 10 ton compost/fed in 40 cm mole depth, where the 

SAR decreased by 17.32, 14.92 and 14.22, 15.03 % 

under the control, while, the TSS increased by 46.01, 

37.47 and 43.64, 37.59 % over the control, in the first  

and second seasons for the two soil depths, respectively. 

These mean that the values of SAR were generally 

decreased with all different treatments in the first and 

second seasons 

Concerning the application depth, the results 

show that, the SAR values were significantly decreased, 

while, the TSS values were significantly increased by 

increasing the application depth. The lowest SAR and 

the highest TSS values were recorded by using 40 cm 

mole depth, where SAR values were decreased by 

14.23, 12.02 and 12.61, 11.89 % under the control and 

TSS values increased by 38.56, 32.39 and 36.35, 33.16 

% over the control in the first and second seasons at the 

two soil depths, respectively.   

Data in Tables (2 and 3)also indicate  that the 

addition of compost rates caused  significant decreases 

in SAR values and  significant increases in TSS. The 

lowest values of SAR and the highest values of TSS 

were obtained by the addition of 10 ton compost fed
-1

. 

The decreases percent of SAR values were reached to 

13.78, 12.56 % and 12.90, 12.50 % under the control in 

the two seasons at the two soil depths, respectively, 

while the increases percent of TSS was reached to 

42.92, 36.22 % and 40.90, 35.80 % over the control in 

the first and second seasons at the two soil depths, 

respectively.  

Effect of different treatments on soil macronutrients 

and C/N ratio. 

1- Soil macronutrients. 

Results in Tables (4 and 5) and Fig. (3) indicate 

that total macronutrients of soil (N, P and K) were 

increased with all treatments for the two soil depths (0-

20 and 20-40 cm) at the end of the two growing seasons 

compared with the control. The highest values of total 

soil N, P and K were obtained by using 10 ton compost 

fed
-1

 in 40 cm mole depth,  where the increases were 

21.62, 19.57 %, 63.04, 68.29 % and 32.23, 33.09 %  in 

the first season and 23.49, 21.58 %, 63.04, 68.29 %, 

32.23, 33.09 % in the second one over the control at the 

two soil depths, respectively.  

The results reveal that total soil N, P and K were 

significantly increased by increasing application depth, 

where 40 cm mole depth was more effective on 

increasing total soil N, P and K than 10 cm surface 

depth. The increases percent of total soil N, P and K 

reached to 15.09, 42.75 and 21.72 % at 0-20 cm depth, 

12.56, 45.53 and 22.39 % at 20-40 cm depth, over the 

control in the first season, while in the second one 

reached to 17.00, 42.75 and 21.72 % at 0-20 cm depth, 

14.63, 45.53 and 22.39 % at 20-40 cm depth, 

respectively. 

The results show that the application of compost 

rates led to significant increases in total soil N, P and K. 

The highest values were obtained by the application of 

10 ton compost fed
-1

, where they increase by 16.22, 

55.07 and 30.49 % at 0-20 cm depth, 14.01, 60.16 and 

31.36 % at 20-40 cm depth over the control in the first 

season, and 17.00, 55.07 and 30.49 % at 0-20 cm depth, 

14.87, 60.16 and 31.36 % at 20-40 cm depth in the 

second one, respectively.  

These results suggest that it may be practical to 

apply these compost rates to soils to increase NPK 

concentrations in the soil and thereby enhance its 

availability to crops. These results are in agreement with 

those reported by El-Hady and Abo-Sedera (2006) and 

El-Maddah et al. (2012). 

2- Organic carbon (O.C) and C/N ratio. 

Data in Tables (4 and 5) and Fig. (3) show that 

all treatments led to  markedly affected in organic 

carbon (O.C) and C/N ratio of the soil at the end of the 

two seasons compared with the control. The highest 

values of (O.C) and C/N ratio were recorded by using 

10 ton compost/fed in 40 cm mole depth, which 

increased by 23.66, 25.54 % and 1.67, 5.00 % over the 

control in the first season, and 25.54, 27.02 % and 1.66, 

4.47 % in the second one at the two soil depths, 

respectively. Similar conclusions were obtained by El-

Hady and Abo-Sedera (2006) and El-Maddah et al. 

(2012). 
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Table 4. Effect of different treatments on soil macronutrients(%) and C/N ratio after maize harvesting in the 

first season (summer 2013). 

Application 

depth cm 

Compost 

rates 

(ton fed-1) 

Total macronutrients, % 
Organic carbon, % C / N ratio 

N P K 

0-20cm 20-40cm 0-20cm 20-40cm 0-20cm 20-40cm 0-20cm 20-40cm 0-20cm 20-40cm 

D1 (surface) 

C1 (0)(control) 0.148 0.138 0.046 0.041 0.422 0.405 1.622 1.390 10.96 10.07 

C2 (5) 0.155 0.143 0.055 0.050 0.477 0.465 1.702 1.446 10.98 10.11 

C3 (10) 0.161 0.147 0.068 0.062 0.544 0.526 1.772 1.494 11.01 10.16 

D2 

(20 cm) 

C1 (0) 0.150 0.139 0.049 0.043 0.428 0.410 1.647 1.404 10.98 10.10 

C2 (5) 0.168 0.150 0.061 0.055 0.522 0.515 1.855 1.523 11.04 10.15 

C3 (10) 0.175 0.160 0.071 0.066 0.550 0.531 1.939 1.660 11.08 10.38 

D3 

(40 cm) 

C1 (0) 0.153 0.142 0.053 0.047 0.431 0.415 1.684 1.447 11.01 10.19 

C2 (5) 0.178 0.159 0.069 0.063 0.552 0.533 1.970 1.632 11.07 10.26 

C3 (10) 0.180 0.165 0.075 0.069 0.558 0.539 2.006 1.745 11.14 10.58 

A 

Application 

depth cm 

D1 (surface) 0.155 0.143 0.056 0.051 0.481 0.465 1.699 1.443 10.98 10.12 

D2 (20 cm) 0.164 0.150 0.060 0.055 0.500 0.485 1.814 1.529 11.03 10.21 

D3 (40 cm) 0.170 0.155 0.066 0.060 0.514 0.496 1.887 1.608 11.07 10.34 

F – test 843.49* 543.50* 286.79* 247.94* 338.65* 254.40* 902.53* 1019.16* 1240.71* 36.18* 

L.S.D 0.05 0.002 0.002 0.002 0.002 0.005 0.006 0.019 0.016 0.01 0.12 

B      

Compost 

rates (ton) 

C1 (0) 0.150 0.140 0.049 0.044 0.427 0.410 1.651 1.414 10.98 10.12 

C2 (5) 0.167 0.151 0.062 0.056 0.517 0.504 1.842 1.534 11.03 10.18 

C3 (10) 0.172 0.157 0.071 0.066 0.551 0.532 1.906 1.633 11.08 10.37 

F – test 2978.57* 1842.01* 29857.05* 29857.04* 13063.68* 14970.59* 4224.49* 3806.43* 1806.30* 119.95* 

L.S.D 0.05 0.001 0.001 0.001 0.001 0.004 0.003 0.012 0.011 0.01 0.07 

A * B 
F – test 188.57* 132.00* 319.00* 301.00* 370.63* 369.26* 265.25* 294.25* 149.83* 15.58* 

L.S.D 0.05 0.002 0.002 0.001 0.001 0.006 0.005 0.021 0.019 0.01 0.13 

 

Table 5. Effect of different treatments on soil macronutrients (%) and C/N ratio after wheat harvesting in 

the second season (winter 2013/2014). 

Application 

depth cm 

Compost rates (ton 

fed-1) 

Total macronutrients, % 
Organic carbon, % C / N ratio 

N P K 

0-20cm 20-40cm 0-20cm 20-40cm 0-20cm 20-40cm 0-20cm 20-40cm 0-20cm 20-40cm 

D1 (surface) 
C1 (0)(control) 0.149 0.139 0.046 0.041 0.422 0.405 1.620 1.388 10.87 9.99 

C2 (5) 0.156 0.144 0.055 0.050 0.477 0.465 1.700 1.444 10.90 10.03 

C3 (10) 0.162 0.148 0.068 0.062 0.544 0.526 1.770 1.492 10.93 10.08 

D2 

(20 cm) 

C1 (0) 0.152 0.141 0.049 0.043 0.428 0.410 1.655 1.412 10.89 10.01 
C2 (5) 0.170 0.152 0.061 0.055 0.522 0.515 1.863 1.531 10.96 10.07 

C3 (10) 0.177 0.162 0.071 0.066 0.550 0.531 1.947 1.668 11.00 10.30 

D3 

(40 cm) 

C1 (0) 0.157 0.146 0.053 0.047 0.431 0.415 1.712 1.465 10.90 10.03 
C2 (5) 0.182 0.163 0.069 0.063 0.552 0.533 1.998 1.650 10.98 10.12 

C3 (10) 0.184 0.169 0.075 0.069 0.558 0.539 2.034 1.763 11.05 10.43 

A Application 
depth cm 

D1 (surface) 0.156 0.144 0.056 0.051 0.481 0.465 1.697 1.441 10.90 10.03 
D2 (20 cm) 0.166 0.152 0.060 0.055 0.500 0.485 1.822 1.537 10.95 10.13 

D3 (40 cm) 0.174 0.159 0.066 0.060 0.514 0.496 1.915 1.626 10.98 10.20 

F – test 1183.99* 828.50* 286.79* 247.94* 338.65* 254.40* 902.53* 1030.12* 2489.08* 1035.95* 
L.S.D 0.05 0.002 0.002 0.002 0.002 0.005 0.006 0.019 0.016 0.01 0.01 

B Compost 
rates (ton) 

C1 (0) 0.153 0.142 0.049 0.044 0.427 0.410 1.662 1.422 10.89 10.01 
C2 (5) 0.169 0.153 0.062 0.056 0.517 0.504 1.854 1.542 10.94 10.07 

C3 (10) 0.174 0.160 0.071 0.066 0.551 0.532 1.917 1.641 10.99 10.27 

F – test 2978.55* 1841.99* 29857.05* 29857.04* 13063.68* 14970.59* 4224.51* 3970.26* 2331.61* 10670.30* 
L.S.D 0.05 0.001 0.001 0.001 0.001 0.004 0.003 0.012 0.010 0.01 0.01 

A * B 
F – test 188.57* 131.99* 319.00* 301.00* 370.63* 369.26* 265.25* 305.50* 217.13* 1340.89* 

L.S.D 0.05 0.002 0.002 0.001 0.001 0.006 0.005 0.021 0.018 0.01 0.01 

Fig.(2): Effect of different treatments on total soil N, %.
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Fig. (3): Effect of different treatments on C/N ratio of the soil.
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Concerning the application depth, the results 

clearly show that, the values of (O.C) and C/N ratio of 

the soil were significantly increased by increasing the 

application depth. It can be noticed that the use of 40 cm 

mole depth was more effective than other treatments on 

increasing (O.C) and C/N ratio of the soil. The increases 

percent were reached to 16.31, 15.68 % and 1.03, 2.68 

in the first season, and 18.18, 17.15 % and 0.97, 2.11 in 

the second one at the two soil depths, respectively. 

Similar results were obtained by El-Maddah et al. 

(2007), they reported that the application of organic 

amendments to soil increase carbon content and C/N 

ratio especially in subsurface layer when the 

amendments placed in 30 and 60 cm mole depths. 

Also, the application of compost rates led to 

significantly increased of (O.C) and C/N ratio at the end 

of the two seasons compared with the control. The 

highest values of (O.C) and C/N ratio were recorded by 

the application of 10 ton compost fed
-1

, where its 

increased by 17.48, 17.48 % and 1.07, 2.97 % over the 

control in the first season, and 18.33, 18.23 % and 1.11, 

2.85 in the second one for the two soil depths, 

respectively. Similar results were recorded by Antoline 

et al. (2005) and Mendoza et al. (2006), they reported 

that organic matter increased by the addition of sludge 

to the soil. 
 

II- Effect of different treatments on the status of 

soil nutrients. 

1- Soil available macronutrients. 

Data in Tables (6 and 7) and Fig. (4)  indicated 

that all treatments caused markedly increases in 

available soil nitrogen, phosphorus and potassium. The 

highest values of available soil N, P and K were 

obtained by the application of 10 ton compost/fed in 40 

cm mole depth, where they increased by 30.78, 16.34 

%, 26.43, 22.67 % and 27.32, 28.35 % over the control 

in the first season, and were 30.88, 15.05 %, 26.05, 

17.46 % and 29.63, 26.30 % in the second one at the 

two soil depths, respectively. Similar results were 

recorded by El-Fayoumy et al. (2000), they reported 

that the addition of sludge-sulphur as soil amendments 

resulted in increasing of NPK percentage availability for 

wheat and corn during the two seasons. 

The results revealed that the available soil N, P 

and K values significantly increased by increasing 

application depth. It can be noticed that the use of 40 cm 

mole depth was more effective than the other treatments 

on increasing available soil N, P and K, where they 

were increased by 21.98, 11.47 %, 20.78, 17.57 % and 

18.48, 18.92 % over the control in the first season, and 

by 22.39, 10.13 %, 20.99, 13.69 % and 22.56, 18.25 % 

in the second one compared with the other two soil 

depths, respectively.  
Table (6): Effect of different treatments on soil available macro and micronutrients contents after maize harvesting in the 

first season (summer 2013). 

Application 

depth cm 

Compost rates 

(ton fed-1) 

Available macronutrients (ppm) Available micronutrients, ppm 

N P K Fe Zn Mn Cu 

0-20 cm 20-40 cm 0-20 cm 20-40 cm 0-20 cm 20-40 cm 0-20 cm 20-40 cm 0-20 cm 20-40 cm 0-20 cm 20-40 cm 0-20 cm 20-40 cm 

D1 (surface) 

C1 (0)(control) 33.01 31.76 10.86 8.16 333.23 305.70 4.01 2.53 3.96 2.73 3.48 2.60 1.70 1.32 

C2 (5) 37.04 33.27 11.90 8.74 367.22 331.32 4.63 2.93 4.32 2.96 4.03 3.01 1.89 1.48 

C3 (10) 41.52 35.97 13.24 9.71 405.86 379.55 5.20 3.83 4.75 3.52 4.77 4.07 2.14 1.77 

D2 

(20 cm) 

C1 (0) 33.45 31.92 10.94 8.22 335.63 309.51 4.14 2.57 4.00 2.74 3.52 2.64 1.72 1.34 

C2 (5) 39.25 35.15 12.68 9.23 393.34 362.21 4.92 3.27 4.62 3.26 4.57 3.69 2.02 1.69 

C3 (10) 42.67 36.27 13.55 9.94 415.68 385.02 5.31 3.91 4.83 3.60 4.84 4.16 2.19 1.80 

D3 

(40 cm) 

C1 (0) 35.06 32.84 12.08 8.96 343.63 314.23 4.22 2.75 4.40 3.02 3.71 2.97 1.83 1.41 

C2 (5) 42.54 36.42 13.54 9.81 416.50 384.02 5.31 3.91 4.87 3.60 5.00 4.13 2.20 1.81 

C3 (10) 43.20 36.95 13.73 10.01 424.26 392.36 5.42 4.00 4.94 3.67 5.09 4.21 2.23 1.85 

A Application 

depth cm 

D1 (surface) 37.19 33.67 12.00 8.87 368.77 338.86 4.61 3.10 4.34 3.07 4.09 3.23 1.91 1.52 

D2 (20 cm) 38.46 34.45 12.39 9.13 381.55 352.25 4.79 3.25 4.48 3.20 4.31 3.50 1.98 1.61 

D3 (40 cm) 40.27 35.40 13.12 9.59 394.80 363.54 4.98 3.55 4.74 3.43 4.60 3.77 2.09 1.69 

F - test 489.20* 185.73* 620.64* 474.94* 343.97* 371.51* 430.09* 2208.05* 585.38* 1300.62* 1050.00* 2043.08* 460.79* 489.39* 

L.S.D 0.05 0.43 0.39 0.14 0.10 4.27 3.90 0.05 0.03 0.05 0.03 0.05 0.04 0.02 0.02 

B      Compost 

rates (ton) 

C1 (0) 33.84 32.17 11.29 8.45 337.50 309.81 4.12 2.62 4.12 2.83 3.57 2.74 1.75 1.36 

C2 (5) 39.61 34.95 12.71 9.26 392.35 359.18 4.95 3.37 4.60 3.27 4.53 3.61 2.04 1.66 

C3 (10) 42.46 36.40 13.51 9.89 415.27 385.64 5.31 3.91 4.84 3.60 4.90 4.15 2.19 1.81 

F - test 11026.42* 2949.18* 6502.15* 5425.85* 9212.14* 10232.18* 12256.29* 30817.49* 3895.84* 13094.56* 22964.52* 33783.16* 6798.26* 14220.99* 

L.S.D 0.05 0.25 0.24 0.08 0.06 2.53 2.32 0.03 0.02 0.04 0.02 0.03 0.02 0.02 0.01 

A * B 
F - test 227.72* 89.12* 203.82* 185.04* 205.92* 348.75* 204.00* 1294.83* 120.00* 518.98* 705.13* 1593.78* 171.14* 491.49* 

L.S.D 0.05 0.44 0.42 0.15 0.10 4.39 4.01 0.06 0.04 0.06 0.04 0.05 0.04 0.03 0.02 
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Table (7): Effect of different treatments on soil available macro and micronutrients contents after wheat 

harvesting in the second season (winter 2013/2014). 

Application 
depth cm 

Compost rates 

(ton fed-1) 

Available macronutrients (ppm) Available micronutrients, ppm 

N P K Fe Zn Mn Cu 

0-20 cm 20-40 cm 0-20 cm 20-40 cm 0-20 cm 20-40 cm 0-20 cm 20-40 cm 0-20 cm 20-40 cm 0-20 cm 20-40 cm 0-20 cm 20-40 cm 

D1 

(surface) 

C1 (0)(control) 33.39 32.70 11.67 10.08 335.56 319.83 4.10 2.68 3.98 2.82 3.53 2.62 1.73 1.37 
C2 (5) 37.56 34.25 12.86 10.68 370.18 345.96 4.75 3.11 4.35 3.05 4.10 3.06 1.91 1.54 

C3 (10) 42.14 36.90 14.28 11.57 410.86 394.55 5.33 4.10 4.76 3.62 4.85 4.13 2.14 1.85 

D2 

(20 cm) 

C1 (0) 33.88 32.83 11.77 10.14 338.12 322.11 4.20 2.75 4.03 2.85 3.57 2.65 1.76 1.40 
C2 (5) 40.47 36.07 13.78 11.24 408.00 369.96 5.11 3.77 4.67 3.42 4.72 3.79 2.15 1.78 

C3 (10) 42.95 37.29 14.49 11.80 419.93 398.55 4.48 4.25 4.88 3.73 4.95 4.23 2.24 1.89 

D3 

(40 cm) 

C1 (0) 35.78 33.21 13.05 10.84 374.74 331.25 4.32 2.82 4.43 3.13 3.82 3.05 1.87 1.52 
C2 (5) 43.12 37.21 14.60 11.70 424.03 399.46 5.50 4.24 4.86 3.75 5.04 4.25 2.25 1.90 

C3 (10) 43.70 37.62 14.71 11.84 435.00 403.93 5.61 4.34 4.94 3.84 5.13 4.32 2.29 1.93 

A 
Application 

depth cm 

D1 (surface) 37.70 34.62 12.94 10.78 372.20 353.45 4.73 3.30 4.36 3.16 4.16 3.27 1.93 1.59 
D2 (20 cm) 39.10 35.40 13.35 11.06 388.68 363.54 4.60 3.59 4.53 3.33 4.41 3.56 2.05 1.69 

D3 (40 cm) 40.87 36.01 14.12 11.46 411.26 378.21 5.14 3.80 4.74 3.57 4.66 3.87 2.14 1.78 

F - test 486.21* 111.24* 628.83* 301.65* 800.67* 345.08* 954.07* 1902.81* 535.14* 1687.22* 906.69* 2708.79* 644.91* 681.65* 
L.S.D 0.05 0.44 0.40 0.15 0.12 4.22 4.08 0.06 0.04 0.05 0.03 0.05 0.04 0.02 0.02 

B      
Compost 

rates (ton) 

C1 (0) 34.35 32.91 12.16 10.35 349.47 324.40 4.21 2.75 4.15 2.93 3.64 2.77 1.79 1.43 

C2 (5) 40.38 35.84 13.75 11.21 400.74 371.79 5.12 3.71 4.63 3.41 4.62 3.70 2.10 1.74 
C3 (10) 42.93 37.27 14.49 11.74 421.93 399.01 5.14 4.23 4.86 3.73 4.98 4.23 2.22 1.89 

F - test 11029.99* 3044.39* 6018.01* 2944.50* 7710.98* 9025.16* 7840.94* 35607.43* 3826.71* 9493.94* 21203.16* 34225.76* 7028.14* 14858.99* 

L.S.D 0.05 0.26 0.25 0.09 0.08 2.58 2.42 0.04 0.02 0.04 0.02 0.03 0.02 0.02 0.01 

A * B 
F - test 224.49* 98.44* 222.01* 107.88* 222.53* 328.57* 1175.29* 1572.02* 128.51* 365.63* 614.58* 1610.09* 198.40* 561.00* 

L.S.D 0.05 0.44 0.42 0.16 0.14 4.47 4.19 0.06 0.04 0.06 0.04 0.05 0.04 0.03 0.02 

Fig. (4): Effect of different treatments on avaible soil N, ppm.
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The results reveal that the application of compost 

rates caused significantly increased in the available soil 

N, P and K, where the highest values were recorded by 

the application of 10 ton compost/fed, where they were 

increased by 28.64, 14.60 %, 24.37, 21.16 % and 24.62, 

26.15 % over the control in the first season, and by 

28.57, 13.98 %, 24.19, 16.44 % and 25.74, 24.76 % in 

the second one in comparison with the other two soil 

depths, respectively. These results are in agreement with 

that obtained by El-Maddah et al. (2012). 

2- Soil micronutrients.  

Data in Tables (6 and 7) and Fig. (5) show that 

the concentrations of soil micronutrients (Fe, Zn, Mn 

and Cu) were markedly increased with all treatments at 

the two soil depths in both seasons. Increases of soil 

micronutrients concentrations were  35.16, 58.10 % and 

36.83, 61.94 % for Fe, 24.75, 34.43 % and 24.12, 36.17 

% for Zn, 46.26, 61.92 % and 45.33, 64.89 % for Mn 

and 31.18, 40.15 % and 32.37, 40.88 % for Cu over the 

control at 0-20, 20-40 cm depths in the first and second 

seasons, respectively. These results are in harmony with 

those obtained by El-Maddah et al. (2012). 

The results reveal that the values of Fe, Zn, Mn 

and Cu concentrations of the two soil depths were 

significantly increased by increasing the application 

depth. The highest values were recorded by using 40 cm 

mole depth, where they increased by 24.27 and 40.45 

%, 19.61 and 25.64 %, 32.18 and 45.00 %, and 22.75 

and 28.03 % over the control in the first season, and 

increased by 25.45 and 41.79 %, 19.18 and 26.71 %, 

32.11 and 47.84 %, and 23.51 and 30.17 % in the 

second one at 0-20 and 20-40 cm soil depths, 

respectively. These results reveal that the use of 40 cm 

mole depth was more effective than other treatments on 

increasing the values of Fe, Zn, Mn and Cu 

concentrations of the two soil depths. 

The results show that the concentrations of Fe, Zn, Mn 

and Cu of the two soil depths were significantly 

increased with increasing the addition of compost rates, 

where the highest values were obtained with the 

application of 10 ton compost/fed, where they increased 

by 32.42, 54.68 % and 25.37, 57.84 % for Fe, 22.22, 

31.75 % and 22.11, 32.27 % for Zn, 40.80, 59.49 % and 

40.98, 61.32 % for Mn and 28.63, 36.87 % and 28.52, 

37.96 % for Cu over the control at the two soil depths in 

the first and second seasons, respectively. These 

increases may be mainly due to the effect of these 

treatments on lowering soil pH which reflects on 

increasing the availability of these micronutrients. 

These results agree with those of El-Fayoumy et al. 

(2001), They reported that application of organic 

amendments had a favorable decrease in soil pH and 

clearly enhanced the nutrients status of soil and its 

uptake by plants. 
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Fig. (5): Effect of different treatments on Fe concentration of the soil, ppm
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IV- Effect of different treatments on yield and yield 

components: 

Most of the recorded growth characters of maize 

and wheat plants were significantly affected by either 

the application depth or the addition of compost rates.  

Results in Tables (8 and 9) and Fig. (6) show these 

effects on yield and yield components of maize and 

wheat plants where their responses to these treatments 

were always the same trend, which could be noticed 

from the tables.  

 

 

Table (8): Effect of different treatments on maize yield and growth characters in the first season (summer 

2013). 

Application     

depth cm 

Compost rates 

 (ton fed-1) 

Plant height, 

(cm) 

Ear length, 

(cm) 

Ear diameter 

(cm) 

No. of rows 

per ear 

No. of 

kernels per 

row 

100 seed 

weight, g) 

Grain yield, 

(Ton fed-1). 
R.I.G.Y. 

Dry matter, g 

plant-1 after 80 

days 

D1 (surface) 

C1 (0)(control) 183.19 14.79 3.39 10.13 27.41 32.03 1.7520 0.00 136.82 

C2 (5) 198.79 17.71 3.98 11.60 35.07 40.04 2.1976 25.43 181.43 

C3 (10) 200.41 18.15 4.06 12.12 36.02 40.60 2.3168 32.24 184.80 

D2 
(20 cm) 

C1 (0) 186.04 15.59 3.54 10.54 29.25 33.81 1.8774 7.16 143.35 

  C2 (5) 204.05 18.51 4.16 12.34 37.76 41.88 2.4498 39.83 192.31 

C3 (10) 205.80 18.67 4.19 12.38 38.08 42.56 2.5552 45.84 197.95 

D3 
(40 cm) 

C1 (0) 187.55 15.91 3.63 10.98 30.69 35.18 2.0136 14.93 151.69 

C2 (5) 208.60 19.21 4.26 12.57 39.34 43.08 2.5763 47.05 209.24 

C3 (10) 214.29 19.45 4.31 12.61 39.95 43.63 2.9515 68.46 216.06 

A Application 

depth cm 

D1 (surface) 194.13 16.88 3.81 11.28 32.83 37.56 2.0888 19.22 167.68 

D2 (20 cm) 198.63 17.59 3.96 11.75 35.03 39.42 2.2941 30.94 177.87 

D3 (40 cm) 203.48 18.19 4.07 12.05 36.66 40.63 2.5138 43.48 192.33 
F - test 3274.40* 3290.59* 2729.55* 3462.01* 3161.55* 3183.70* 3220.3874*  3180.42* 

L.S.D 0.05 0.50 0.07 0.02 0.04 0.21 0.17 0.0225  1.34 

B   Compost rates 
(ton) 

C1 (0) 185.59 15.43 3.52 10.55 29.12 33.67 1.8810 7.36 143.95 
C2 (5) 203.81 18.48 4.13 12.17 37.39 41.67 2.4079 37.44 194.33 

C3 (10) 206.83 18.76 4.19 12.37 38.02 42.26 2.6078 48.85 199.60 

F - test 9367.84* 9365.23* 8776.47* 9512.65* 9476.61* 9617.51* 9163.7716*  9499.88* 
L.S.D 0.05 0.72 0.12 0.02 0.06 0.31 0.30 0.0237  1.92 

A * B 
F - test 146.39* 19.10* 4.22* 72.82* 10.64* 0.81NS 233.5172*  64.02* 

L.S.D 0.05 0.81 0.13 0.03 0.07 0.35 0.33 0.0267  2.14 

Generally, all treatments exhibited significant 

differences on yield and yield components at the end of 

the two seasons comparing to the control (untreated 

soil). It can be noticed that increasing the application 

depth and compost rates addition led to relative 

increases in the yield. it could be observed that the 

highest yield of maize in the first season 2.9515 ton/fed 

and wheat in the second season 3.2139 ton/fed, were 

obtained by the addition of 10 ton compost/fed in 40 cm 

mole depth, where they increased by 68.46 and 70.27 % 

respectively over the control. While, the control 

treatment gave the lowest yield (1.7520 and 1.8875 

ton/fed.) respectively for maize and wheat grains.  Also, 

the same treatment led to significant increases in plant 

height, ear length, ear diameter, number of rows per ear, 

number of kernels per row, 100 seed weight and dry 

matter g plant-1 for maize in the first season and in 

biological yield, straw yield, plant height, spike length, 

harvest index, 1000 seed weight, number of spikes per 

m
2
 and dry matter g 10 plants-1 for wheat in the second 

one.  

With respect to the effect of application depth, 

the mean values of yield and yield components revealed 

that all the studied characters were significantly 

increased during the two seasons with raising the soil 

depth. The grain yield values obtained by using 40 cm 

mole depth was greater than 10 cm surface depth or 

shallow tillage, where ranging from 2.5138 to 2.0888 

and 2.7933 to 2.3495 ton/fed for maize and wheat grain 

yield, respectively. The highest grain yield values 

increased by 43.48 and 47.99 % of maize and wheat 

grain/fed, over the control in the first and second 

seasons, respectively. These results are in line with 

those reported by Kaoud (1994) who found that deep 

tillage treatment increased yields of cotton and clover as 

compared to conventional tillage. Also, corresponding 

with the results reported by El-Maddah et al. (2003), 

They reported that deep tillage obviously increased the 
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relative yield by 18.40 and 36.40 % for maize in the 

first season and by 27.88 and 67.27 % for barley in the 

second one for 30 and 60 cm plow depth respectively 

over the recorded with the control. This may be due to 

that the deep tillage breaks up the impediment in the 

subsoil, and encourage root growth and water extraction 

more from deeper soil layers.  

 
 

 
 

 
 

 
 

Fig. (6): Effect of different treatments on grain yield, Ton/fed.
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It can be noticed from Tables (8 and 9) that the 

compost rates addition led to relative increases in the 

yield in both seasons over the control especially the 

addition of 10 ton compost fed
-1

, since it recorded the 

highest values of maize and wheat grain yield, where 

increased to 48.85 and 57.68 %, respectively over the 

control. Also, the same treatment led to significant 

increases in all growth characters for maize and wheat 

in the first and second seasons. These results are 

agreement with those of Sowicki (2003), Maiorana et al. 

(2005) and Osman et al. (2014).  

Thus, it can be confirmed that adapting mole 

depth in combination with adding compost is an 

important practice for improving soil chemical 

properties, moreover enhancing the nutrient status of 

soil and accordingly increasing crop production 

comparable to untreated soil. 

 

 

 

V-Economical analysis. 

Data presented in Tables (10 and 11) and Fig. (7) 

show that the total inputs costs, outputs, net income and  

the investment ratio for the tested treatments and the 

control. The obtained resultes indicate that the highest 

net income value (12346.38 L.E fed
-1

.) was incorporated 

with the application of 10 ton compost fed-1 in 40 cm 

mole depth , while the control treatment (using of 10 cm 

surface depth without any applications of compost) gave 

always the lowest value (6912.41 L.E fed
-1

.). So, the 

abovementioned treatment should be recommended due 

to a relative high net income comparing with the other 

treatments. This may be due to that this treatment was 

recorded the highest values of yield in the first and 

second seasons consequently high net income. 

It can be noticed that, the net income values 

obtained by using 40 cm mole depth were in general 

higher than those of the other application depths, which 

can be arranged according to their high net income as 

follows: 40 cm mole depth (D3) > 20 cm mole depth 

 

Table (9): Effect of different treatments on wheat yield and growth characters in the second season (winter 

2013/2014). 

Application 

depth cm 

Compost rates 

(ton fed-1) 
Biological yield (Tonfed-1) 

Grain 

yield 

Tonfed-1. 

Straw 

yield Ton 

fed-1. 

R.I.G.Y R.I.S.Y 

Plant 

height, 

cm 

Spike 

length, 

cm 

Harvest 

Index,% 

1000 

Seed 

weight, g 

No. of 

spikes per 

m2 

Dry 

matter ,g 

10 plants-1 

after 90 

days 

D1 (surface) 

C1 (0)(control) 3.8302 1.8875 1.9427 0.00 0.00 82.45 9.90 41.03 41.61 261.45 21.63 

C2 (5) 4.8273 2.4096 2.4177 27.66 24.45 87.84 10.76 41.32 43.66 327.61 23.21 

C3 (10) 5.9456 2.7514 3.1942 45.77 64.42 88.38 10.84 41.44 43.90 333.29 23.42 

D2 

(20 cm) 

C1 (0) 5.1119 2.2192 2.8927 17.57 48.90 84.33 10.29 41.05 41.94 271.31 22.02 

C2 (5) 5.9192 2.4513 3.4679 29.87 78.51 89.06 10.96 41.47 44.30 347.29 23.87 

C3 (10) 6.6200 2.9631 3.6569 56.99 88.24 89.45 11.03 42.24 44.55 357.16 24.10 

D3 

(40 cm) 

C1 (0) 5.4300 2.2835 3.1465 20.98 61.97 85.42 10.41 41.19 42.28 287.08 22.24 

C2 (5) 6.4870 2.8825 3.6045 52.72 85.54 90.33 11.20 42.29 45.09 373.48 24.50 

C3 (10) 6.9374 3.2139 3.7235 70.27 91.67 90.80 11.35 42.94 45.31 383.52 25.48 

A 

Application 

depth cm 

D1 (surface) 4.8677 2.3495 2.5182 24.48 29.62 86.22 10.50 41.26 43.06 307.45 22.75 

D2 (20 cm) 5.8837 2.5445 3.3392 34.81 71.88 87.61 10.76 41.59 43.60 325.25 23.33 

D3 (40 cm) 6.2848 2.7933 3.4915 47.99 79.72 88.85 10.99 42.14 44.23 348.03 24.07 

F - test 6816.86* 6829.72* 6796.17*   7610.42* 4803.52* 8378.53* 6572.97* 6811.51* 6520.60* 

L.S.D 0.05 0.0536 0.0164 0.0389   0.09 0.02 0.03 0.04 1.50 0.05 

B      

Compost 

rates (ton) 

C1 (0) 4.7907 2.1301 2.6606 12.85 36.96 84.07 10.20 41.09 41.94 273.28 21.96 

C2 (5) 5.7445 2.5811 3.1634 36.75 62.83 89.08 10.97 41.69 44.35 349.46 23.86 

C3 (10) 6.5010 2.9761 3.5249 57.68 81.44 89.54 11.07 42.21 44.59 357.99 24.33 

F - test 19684.53* 19751.45* 17758.58*   20516.95* 16099.36* 14088.30* 19359.89* 20173.03* 19643.83* 

L.S.D 0.05 0.0371 0.0183 0.0201   0.13 0.02 0.03 0.06 2.00 0.05 

A * B 
F - test 378.01* 346.80* 1338.76*   36.26* 91.78* 1910.91* 141.70* 134.34* 626.01* 

L.S.D 0.05 0.0645 0.0316 0.0341   0.22 0.04 0.05 0.11 3.46 0.09 
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(D2) > 10 cm surface depth (D1). This may be clear that 

it is better economically to use 40 cm mole depth to 

increase the net income. 

On the other hand, the results indicate that the net 

income for the application of 10 ton compost fed
-1

 gave 

the highest values for both outputs and net income than 

other applications to the soil. These results are in 

agreement with those obtained by El-Maddah et al. 

(2007) and El-Maddah et al. (2012). 

Finally, from the previous data, it could be 

concluded that under clay loam soil conditions, the use 

of compost rates filled moles at different depths has 

pronounced effect to improve some soil chemical 

properties, substantially increase in the soil contents of 

either macro or micro nutrients which incorporated with 

the highest net income and substitute a part of mineral 

fertilizers by soil conditioners to minimize the pollution 

resulted from its intensive use . 
 

 

 

 

 

 

 

Table (10): Input production items and output of the experiments through the two growing seasons under 

study (summer season of 2013 and winter season of 2013/2014). 

Items Treatment Unit Unit price (LE) 

Input 

Mineral fertilizer 

Nitrogen fertilizer 
50% from recommended 

dose 

Kg N 5.07 

Phosphorus fertilizer Kg P2O5 6.45 

Potassium fertilizer Kg K2O 11.38 

Compost  Ton 180.00 

Land preparation 

Surface tillage 10 cm  per fed 100.00 

20 cm mole depth  per fed 130.00 

40 cm mole depth  per fed 160.00 

Seeds of maize 14 kg fed-1 Kg 13.00 

Seeds of wheat 60 kg fed-1 Kg 4.50 

labor  per fed 550.00 

pesticides  per fed 500.00 

Other costs  per fed 200.00 

Output 

Maize grain  Ton 1500.00 

Wheat grain  Ton 2800.00 

Wheat straw  Ton 1000.00 

 

Table (11): Economical assessment for the tested variables (natural soil conditioners) for the two growing seasons 

under study (summer season 2013 and winter season 2013/2014). 

Application 

depth, cm 

Compost 

rates (ton 

fed-1) 

Total yield Ton fed-1. Total yield price,  LE fed-1 
Inputs 

(LE fed-1) 

Outputs 

(LE fed-1) 

Net 

income 

LEfed-1 

Investment 

ratio 
Maize 

grain 

Wheat 

grain 

Wheat 

straw 

Maize 

grain 

Wheat 

grain 

Wheat 

straw 

D1 

(surface) 

C1 

(0)(control) 
1.7520 1.8875 1.9427 2628.00 5285.00 1942.70 2943.29 9855.70 6912.41 3.35 

C2 (5) 2.1976 2.4096 2.4177 3296.40 6746.88 2417.70 3843.29 12460.98 8617.69 3.24 

C3 (10) 2.3168 2.7514 3.1942 3475.20 7703.92 3194.20 4743.29 14373.32 9630.03 3.03 

D2 

(20 cm) 

C1 (0) 1.8774 2.2192 2.8927 2816.10 6213.76 2892.70 2973.29 11922.56 8949.27 4.01 

C2 (5) 2.4498 2.4513 3.4679 3674.70 6863.64 3467.90 3873.29 14006.24 10132.95 3.62 

C3 (10) 2.5552 2.9631 3.6569 3832.80 8296.68 3656.90 4773.29 15786.38 11013.09 3.31 

D3 

(40 cm) 

C1 (0) 2.0136 2.2835 3.1465 3020.40 6393.80 3146.50 3003.29 12560.70 9557.41 4.18 

C2 (5) 2.5763 2.8825 3.6045 3864.45 8071.00 3604.50 3903.29 15539.95 11636.66 3.98 

C3 (10) 2.9515 3.2139 3.7235 4427.25 8998.92 3723.50 4803.29 17149.67 12346.38 3.57 

 

Fig. (7): Effect of different treatments on net income (LE/fed) for the two growing seasons
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 أعمبق مخخلفت علي بعض الخصبئص الكيميبئيت للخربت وانخبجيخهب فيحأثير إضبفت معذلاث من الكمبىسج 
 محمذ عببس بسيىني الشريفمنصىر الذسىقي السىداني، الحسيني إبراهيم المذاح، سبميت محمذ سعذ الكلاوي، 

 مصر –الجيزة  –مركز البحىد الزراعيت  –معهذ بحىد الأراضي والميبه والبيئت 
 

انرزِ انشايّٛ  باظخخداو َباث  2013يٕظى صٛفٙ ، خلال يٕظًٍٛ شزاػٍٛٛ ػهٙ ازض غُٛٛت نٕيٛت اجسٚج حجازب دمهّٛ 

خأرٛساث انفٙ يذطت انبذٕد انصزاػّٛ بانجًٛصِ ، يذافظت انغسبّٛ ٔذنك نخمٛٛى  انمًخ ، باظخخداو َباث 2013/2014ٔيٕظى شخٕ٘ 

ظى ٔانًعافت بٍٛ ْرِ الأَفاق  40،  20ػهٙ ظطخ انخسبت ، ٔفٙ أَفاق يخٕاشٚت ػهٙ ػًك يٍ انكًبٕظج  يؼدلاثظافت ٔانًخبمٛت لإ انًباشسة

انكبس٘  ًغرٚاثانٔحٛعٛس بؼط  نهخسبت ػهٙ حذعٍٛ بؼط انخصائص انكًٛٛائّٛإنٙ يؼايهت انًمازَت )ازض غٛس يؼايهت(  بالاظافت يخس 3

ظافّ انٙ إجسا  انخمٛٛى الالخصاي٘ انًذعٕب ػهٙ اظاض صافٙ اندخم َٔعبت بالاانرزة ٔانمًخ  ٗٔاَخاجٛت يذصٕنٓا ٔانصغس٘ فٛ

ٔكاٌ حصًٛى انخجسبت لطاػاث كايهت انؼشٕائٛت يُشمت يسة ٔاددة فٙ رلاد يكسزاث. ًٔٚكٍ  الاظخزًاز انًذديِ نهًؼايهّ الالخصايّٚ.

ٔلٛى َعبت انصٕيٕٚو انًخبايل   فٙ زلى دًٕظت انخسبّاَخفاض  انًؼايلاث انٙكم  ثأي (1 )حهخٛص انُخائج انًخذصم ػهٛٓا كانخانٙ

أيث . اٚعا  يمازَت بًؼايهت انكُخسٔل فٗ انؼًمٍٛ يٕظٕع اندزاظت ٔخلال يٕظًٗ انًُٕ .ٔشٚاية لٛى يهٕدت انخسبت ٔالأيلاح انكهٛت انرائبت

يمازَت بًؼايهت فمد إَخفعج  انًديصعبت انصدٕٚو َٔالإََٛاث انرائبت . بًُٛا لٛى  كاحَٕٛاثانكم انًؼايلاث انٙ شٚاية يؼُّٕٚ فٙ لٛى 

انٙ حذعٍ ٔاظخ فٙ دانت ػًٕيا اظافت انكًبٕظج  ثػًك الاظافت ٔيؼدلاأي٘   (2) انكُخسٔل فٙ انؼًمٍٛ ٔخلال يٕظًٙ انًُٕ

شايث لٛى  انكسبٌٕ انؼعٕ٘ َٔعبت انكسبٌٕ انٙ انُخسٔجٍٛ فٙ انطبمّ انعطذّٛ ٔحذج انعطذّٛ لهٛلا َخٛجّ   (3)انًغرٚاث فٙ انخسبّ 

انُخسٔجٍٛ انكبس٘ ) ؼُاصسانأيث كم انًؼايلاث انٙ شٚايِ ٔاظذّ فٙ حٛعٛس   (4) يؼدلاث اظافت انكًبٕظجشٚاية شٚاية ػًك الاظافت ٔ

اصس انصغس٘ )ددٚد ، شَك ، يُجُٛص ٔ َذاض( فٙ انخسبت فٙ انؼًمٍٛ ٔخلال يٕظًٙ انًُٕ ( ٔكرنك حٛعٛس انؼُانفٕظفٕز ٔانبٕحاظٕٛو، 

مًخ يغ كم ددرج اظخجابت يؼُٕٚت فٙ انًذصٕل ٔيكَٕاحت نكم يٍ انرزة ٔان (5)ػًك الاظافت ٔيؼدلاث اظافت انكًبٕظج شٚاية يغ  ٔذنك

غٍ كًبٕظج نهفداٌ فٙ  10ًذصٕل ٔيكَٕاحت فٙ انرزة ٔانمًخ باظافت انكُخسٔل ٔلد َخجج اػهٙ لًٛت فٙ ان انًؼايلاث يمازَت بًؼايهت

 91.67ٔ  70.27 % ٔيذصٕل دبٕب ٔلش انمًخ شٚاية لدزْا 68.46شٚاية لدزْا  ظى دٛذ ظجم يذصٕل دبٕب انرزة 40يٕل بؼًك 

ظى كاٌ  40نهفداٌ فٙ يٕل بؼًك غٍ كًبٕظج  10اظافت أٔظخ انخذهٛم الالخصاي٘ اٌ  (6) ًؼايهت انكُخسٔلب % ػهٙ انخٕانٙ يمازَت

ٔنرنك فًٍ انًفٛد إظخخداو ( 7) جُّٛ نهفداٌ 12346.38اػهٙ صافٙ يخم ْٕ افعم يؼايهت بانًمازَت يغ انًؼايلاث الاخس٘  دٛذ اػطٙ 

دِ ( يغ إظافت َصف انكًٛاث انًٕصٙ بٓا يٍ الاظًيؼدلاث يٍ انكًبٕظج يٕظٕػت فٙ يٕلاث ػهٙ اػًاق يخخهفتْرِ انًؼايلاث )

اندخم انصافٙ انًذصٕل ٔ انًؼدَّٛ نكٙ حؼطٙ حذعٍ ٔاظخ نهخصائص انكًٛٛائّٛ نهخسبّ ٔيغرٚاث انخسبّ ٔانخٙ حُؼكط ػهٙ ازحفاع

ٔيٍ رى فإٌ  َخائج ْرِ اندزاظت لد أٔظذج جهٛا أٌ إظافت يؼدلاث يٍ ٔنخمهٛم انخهٕد انُاحج يٍ الافساغ فٙ إظخخداو الاظًدِ انًؼدَّٛ.

ث ػهٗ أػًاق يخخهفت يغ إظافت َصف انكًٛاث انًٕصٗ بٓا يٍ الأظًدة انًؼدَٛت ٚؼطٗ حذعُا ٔاظذا فٗ انخصائص انكًبٕظج فٗ يٕلا

انكًٛٛائٛت نهخسبت ٔحٛعسا نهًغرٚاث انُباحٛت ٔانرٖ ُٚؼكط بدٔزِ ػهٗ شٚاية انًذصٕل ٔاندخم انصافٗ فعلا ػًا ٚذدرّ يٍ حمهٛم نخهٕد 

 خخداو الأظًدة انًؼدَٛت.انخسبت ٔانرٖ ُٚجى يٍ الإفسغ فٗ إظ


