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ABSTRACT 

 

A field experiment was conducted on sandy soil 

at Ismailia Governorate. The aim of the present 

study is to improve the productivity of salts affected 

sandy soil by treat it with different rates of benton-

ite, chicken manure and their combination. Soil 

application rates were bentonite (1, 2.5 and 5 %), 

chicken manure (5, 10 and 15 ton/fed) and their 

combination (2.5% bentonite with each of 5, 10 

and 15 ton /fed chicken manure) were mixed in the 

upper soil layer (0-15 cm soil depth) and their ef-

fects on some soil physical properties and crop 

productivity of fennel plant (Foeniculum Vulgare 

Mill.) were investigated during the winter season of 

2018. Irrigation water used from a well, which has 

EC, 5.47 dS.m-1 and Sodium adsorption ratio 

(SAR) 13, under drip irrigation system. 

The results revealed that, all studied treatments 

were significantly decreased of soil bulk density 

compare to control. The applications of bentonite 

1, 2.5 and 5% lead to, reduction of the value of soil 

bulk density by 4.17, 5.95 and 10.71%. In addition, 

the applications of chicken manure 5, 10 and 15 

ton/fed, lead to reduction of the value of soil bulk 

density by 8.93, 11.31 and 14.88 %. Also, applica-

tion of 2.5% bentonite combined with each of 5, 10 

and 15 ton/fed chicken manure, lead to reduction 

of the value of soil bulk density by 11.31, 15.48 

and 17.86% as compared with control, respective-

ly. In reversal the trend in the case of soil porosity 

values, where soil porosity values were increased 

with increasing the application rates of bentonite. 

While, the highest values of soil porosity were with 

the application rates of combination of 2.5 benton-

ite + each of 5, 10 and 15 ton/fed chicken manure. 

Data indicated also that there are an increase in 

the percentages of retained moisture in the soil at 

all treatments under study. Bentonite and chicken 

manure individually or combined being higher with 

increasing the applied rate of bentonite and/or 

chicken manure. Also the application rates of ben-

tonite 1, 2.5 and 5% lead to, increasing the values 

of water-holding pores (WHP) with 6.87, 8.05 and 

10.55%. In addition, WHP values increased to 

9.21, 10.43 and 11.27% with the application of 

chicken manure 5, 10 and 15 ton/fed. Also, data 

refer that WHP increased to 12.03, 12.81 and 

14.11% by application rate of 2.5% bentonite com-

bined with each of 5, 10 and 15 ton/fed chicken 

manure, as compared with control, respectively. 

The values of water infiltration rates (cm/h), were 

affected by different soil applications and can be 

arranged in the following ascending order: 2.5% 

bentonite + 15 ton/fed chicken manure < 5% ben-

tonite < 2.5% bentonite + 10 ton/fed chicken ma-

nure < 2.5% bentonite < 15 ton/fed chicken ma-

nure < 2.5% bentonite + 5 ton/fed chicken manure 

< 10 ton/fed chicken manure < 5 ton/fed chicken 

manure < 1% bentonite < control. The water use 

efficiency values, affected by different soil applica-

tion can be arranged in the following descending 

order:  2.5% bentonite + 15 ton/fed chicken ma-

nure > 2.5% bentonite + 10 ton/fed chicken ma-

nure > 2.5% bentonite + 5 ton/fed chicken manure 

> 15 ton/fed chicken manure > 10 ton/fed chicken 

manure > 5 ton/fed chicken manure > 5% benton-

ite > 2.5% bentonite > 1% bentonite > control. 

 

Keyword: Soil physical properties; Water-holding 

pores; Sandy soil; Infiltration rate; Water use effi-

ciency 

 

INTRODUCTION 

 

Sandy soils widely exist in arid and semi-arid 

regions such as the east and west desert areas of 

Egypt. It is often considered as soils with physical 

properties easy to define: loss structure or no 

structure, water retention properties are low, rapid 
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permeability, highly sensitivity to erosion with many 

adverse consequences. Sandy soils productivity is 

mostly limited by several agronomic obstacles. 

Their very small specific surface area caused its 

inert chemical and biological conditions. The fertili-

ty level of such soils is very poor and is controlled 

by their colloid content, such as clay and organic 

matter Gadalla (1962). Soil conditioners improves 

the hydro-physical characteristic of soil Wallace 

and Terry (1998), synthetic and natural condition-

er that include many kinds of organic materials, 

gypsum, lime, natural deposits Sallam et al 

(1995), Wahab et al (2010). The introduction of 

bentonite is could be used as a source of soil con-

ditioners to ameliorate of the poor sandy soil prop-

erties thus increase the soil productivity. The 

treatment of varied natural conditioners (bentonite) 

could overcome those problems Al-Omran et al 

(2004). The addition of bentonite (clay deposits) to 

the sandy soil decreased downward water flow and 

hence restricted deep percolation. Abd El-Hady 

and El-Dardiry (2012) found that shale deposits 

added for sandy soil improved physico-chemical 

characteristic and in particular soil moisture con-

tent. Also, continues application improve not only 

physico-biochemical characteristic of sandy soils, 

also their productivity. Al-Omran et al (2004) 

found a decrease in evaporation, infiltration rate 

and depth of wetting front and consequently in-

crease of wetted area with increasing the bentonite 

rates up to 4 %. It is clear to mention to the im-

portance of organic matter of sandy soils is follow-

ing the water and considered to overcome the poor 

physical characteristic especially hydro-physical 

properties and encourage aggregates formation 

Abd El-Hady (2005). Abd El-Nasser (2005) men-

tioned that, improve the physical characteristics of 

sandy soil such as soil porosity, infiltration rate and 

soil water content at different tension by applica-

tion organic conditioners. Bentonite as natural de-

posits in Egypt was frequently used for condition-

ing sandy soil. Seddik and Ali (2004) found that 

added bentonite with chicken manure or compost 

of rice straw to soil enhance physical of soil char-

acteristics such as soil total porosity and moisture 

retention characteristics. Wahdan et al (2009) 

studied the effect of compost, bentonite and gyp-

sum on some hydro-physical properties of soil. 

They found that the solely and combined treat-

ments showed increased significantly effects on 

the values of total porosity and available water 

content. The treated mixture of 1:2 the added rates 

of organic compost + bentonite shale, increasing 

total porosity. Such effects of compost and benton-

ite shale treatment related to the increase of water 

holding pores in sandy soil, which can be an index 

of an ameliorate soil structure. Synthetic and natu-

ral soil amendments, are significantly enhanced 

availability of soil water to plants in the upper lay-

ers of the soil. Hussain et al (2001) reported that 

physical characteristics such as soil bulk density, 

total porosity, water permeability and hydraulic 

conductivity were significantly improved when 10 

ton.ha-1 of farmyard manures was applied in com-

bination with chemical amendments. Tayel et al 

(2001) added that treats sandy soil with some or-

ganic materials increases in water retained, de-

crease bulk density and increases in total porosity. 

Also, organic matter and compost were good origin 

of nutrients and could be beneficial to improve the 

fertility of sandy soils. Recently, the combination of 

compost with chemical fertilizer further enhanced 

the biomass and grain yield of rice and wheat 

Sarwar et al (2007).  

The objective of this study was to investigate 

the effect of different rates of each bentonite, 

chicken manure and their combination on salts 

affected sandy soil, its physical properties and the 

productivity of fennel plant. 

 

MATERIAS AND METHODS 

 

A field experiment was conducted on sandy soil 

at Ismailia Governorate on a private farm during 

the winter season of 2018 under drip irrigation sys-

tem. Fennel plant (Foeniculum Vulgare Mill.) was 

sowing in winter season 2018. Soil application 

rates were bentonite (1, 2.5 and 5 %), chicken ma-

nure (5, 10 and 15 ton/fed) and their combination 

(2.5 % bentonite (Ben.) and each of 5, 10 and 15 

ton/fed chicken manure (CM)) were mixed in 15 cm 

soil depth.  A randomized complete design with 3 

replicates was used. Statistical analysis of variance 

of all studied treatments was ANOVA and the least 

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

plot was 8 m2. Data of soil and bentonite analyses 

were tabulated in Table (1). Source of irrigation 

water used from a well, which has EC, 5.47 dS.m-1 

and Sodium adsorption ratio (SAR) 13. Plots were 

supplemented with recommended doses of chemi-

cal fertilizers as follows: 300 kg/fed calcium super 

phosphate during soil preparation, while 300 kg/fed 

ammonium sulphate and 100 kg/fed potassium 

sulphate were added during growth season. After 

harvest of fennel, soil samples were taken from 

each plot at 0-15 cm depth in order to determine 

soil physical properties according to Klute (1986). 
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Parameters measured for assessment of the 

treatment effects were as follows: 

Infiltration rate (IR) were measured at the end 

of experiment and calculated by Philip equation:  

 

D = S.t0.5+At 

 

I = 0.5*S.t-0.5+A 

 

Where: D = cumulative infiltration,    I = basic infil-

tration rate,     t = time,     A and S = constants 

Grain yield; measured at harvest of the crop. 

 

Water use efficiency (WUE): was calculated 

according to Howell et al (1990) using the follow-

ing equation: WUE (kg grains.m-3 water) = Grain 

yield (kg.fed-1) /seasonal amount of irrigation water 

applied (m3.fed-1). 

 

 

 

Table 1. Some physical and chemical properties of soil and bentonite samples 

 

Sample 
Course 

sand% 

Fine 

sand% 
Silt% Clay% Texture 

Bulk 

density 

(Mg.m-3) 

pH 

EC (dS.m-1) 

soil extract 

(1:2.5) 

ESP 

Soil 18.62 76.78 3.09 1.51 Sandy 1.68 7.82 2.49 15.20 

Bentonite 1.32 3.15 10.61 84.92 Clay 1.19 7.95 3.52 6.75 

 

 

 

RESULTS AND DISCUSSION 

 

Soil bulk density (BD)  

 

Results in Table (2) reveal that all treatments 

application seemed to be effective high relatively 

on soil bulk density. The application of bentonite 1, 

2.5 and 5% lead to, soil BD (Mg.m-3) values de-

creased by 1.61, 1.58 and 1.50 Mg.m-3, with reduc-

tion of 4.17, 5.95 and 10.71%. In addition, BD val-

ues decreased to 1.53, 1.49 and 1.43 Mg.m-3 by 

the application of chicken manure 5, 10 and 15 

ton/fed, with reduction of 8.93, 11.31 and 14.88 %. 

Also, data referred that soil BD (Mg.m-3) decreased 

to 1.49, 1.42 and 1.38 Mg.m-3 by application of 

2.5% bentonite (Ben.) combined with each of 5, 10 

and 15 ton/fed chicken manure (CM), with reduc-

tion of 11.31, 15.48 and 17.86% as compared with 

control, respectively. These results can be attribut-

ed to the redistribution of soil particles, the in-

crease in bulk soil volume and the binding action of 

bentonite and chicken manure which assess to 

improve soil structure, mainly in aggregate for-

mation. These findings are very close to that ob-

tained by Omran et al (2002). Table (6) data re-

veal that addition of bentonite and/or chicken ma-

nure to sandy soil significantly decreased soil bulk 

density (Mg.m-3). This result is in agreement with 

Arvidson (1998) who observed field soils with 

different texture and organic matter content and 

found that increasing clay and organic matter con-

tent of the soil decreased bulk density did not in-

crease sand content and bulk density. Barzergar 

et al (2002) also reported that addition of different 

organic matter types improved soil hydro-physical 

properties. 

 

Soil porosity (Por.) 

 

Data in Table (2) showed that the soil porosity 

(Por.) values increased with different the applica-

tion and increasing rates of bentonite, chicken ma-

nure and their combination. The increasing rates of 

soil porosity values were 7.24, 10.33 and 18.58% 

for application 1, 2.5 and 5% bentonite. Also the 

increasing rates of soil porosity values were 15.46, 

19.59 and 25.79% for application 5, 10 and 15 

ton/fed chicken manure. While the increasing rates 

of soil porosity values were 19.59, 26.83 and 

30.93% for application of 2.5% bentonite combined 

with each of 5, 10 and 15 ton/fed chicken manure 

as compared with control, respectively. Data also 

show that the porosity were improved by applica-

tion different rates of soil amendments. The appli-

cation of 1, 2.5 and 5% bentonite, 5, 10 and 15 

ton/fed chicken manure and  combination of 2.5% 

bentonite with each of 5, 10 and 15 ton/fed chicken 

manure had high significantly increased of soil 

porosity Table (6). 
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Table 2. Effect of different treatments on some soil physical properties 

 

Treatment Rate 

Bulk 

density 

Mg.m-3 

Porosity  

% 

Field  

capacity 

% 

Wilting 

point 

% 

Available 

water 

%  

Bentonite 

1% 1.61 39.25 8.04 1.93 6.12 

2.5% 1.58 40.38 10.47 2.29 8.18 

5% 1.5 43.40 12.31 2.50 9.81 

Chicken 

Manure 

5 ton/fed 1.53 42.26 9.12 1.65 7.47 

10 ton/fed 1.49 43.77 11.55 2.01 9.54 

15 ton/fed 1.43 46.04 13.39 2.22 11.17 

Combination 

2.5% Ben.+5CM 1.49 43.77 11.07 2.31 8.76 

2.5% Ben.+ 10CM 1.42 46.42 14.20 2.77 11.43 

2.5% Ben.+ 15CM 1.38 47.92 16.57 3.04 13.53 

Control 1.68 36.60 6.65 1.50 5.49 

 

 

 

Soil moisture constants 

 

Retained moisture in sandy soil at field capacity 

(0.1 bar) and  wilting point (15 bar) as influenced 

by different rates of bentonite, chicken manure and 

their combination were shown in Table (2). Data 

indicate that adding any of bentonite or chicken 

manure at any rate increases the retained moisture 

in sandy soil at any suction. Also increasing in the 

percentages of retained moisture at all suctions, 

this increase of retained moisture constants was 

higher with increasing the applied rate of bentonite 

or/and chicken manure. Values of retained mois-

ture at field capacity (FC), showed different in-

creasing rates of 20.90, 57.44 and 85.11% by ap-

plication of 1, 2.5 and 5% bentonite. In addition, 

the increasing rates of retained moisture values at 

(FC) were 37.14, 73.68 and 101.35% for applica-

tion 5, 10 and 15 ton/fed chicken manure. While 

the increasing rates of retained moisture values 

were 66.47, 113.53 and 149.17% for application of 

2.5% bentonite combined with each of 5, 10 and 

15 ton/fed chicken manure as compared with con-

trol, respectively. Considering available water, 

which the difference between moisture at 0.1 bar 

and that at 15 bar, results show a tendency for 

increase as influenced by different rates of benton-

ite, chicken manure and their combination. Data in 

Table (2) and Fig. (1) showed that an increasing 

rates of the available water values were 11.48, 

49.00 and 78.69% by application of 1, 2.5 and 5% 

bentonite. Also the increasing rates of available 

water values were 36.07, 73.77 and 103.46% for 

application 5, 10 and 15 ton/fed chicken manure. 

While the increasing rates of available water val-

ues were 59.56, 108.20 and 146.45% for applica-

tion of 2.5% bentonite combined with each of 5, 10 

and 15 ton/fed chicken manure as compared with 

control, respectively. The positive effect of benton-

ite, chicken manure and their combination applica-

tion in increasing available water reflects the high 

capacity of these amendments in retaining more 

moisture in the soil through creating more medium 

size pores in the soil in particular as well as in-

creasing soil porosity in general. Moreover, the 

chicken manure was ability to retaining more mois-

ture in the soil higher than bentonite.These results 

are in agreement with Abd El-Hady and El-

Dardiry (2012) who mentioned that both soil fine 

particles such as silt, clay and organic matter con-

tent had a potential effect to improve soil ability to 

retain water and increased soil available water 

under sandy soils. It is widely used to improve poor 

soils particular sandy ones. 

Also, results in Table (6) showed that water 

content at field capacity and available water had 

increased significantly with increasing the rate of 

bentonite and chicken manure. 
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Fig. 1. Available water as affected by different treatments 

 

Pore size distribution  

 

There was an effect on the distribution of the 

different fractions of pores. The most positively 

affected categories of pores were the quickly 

drainable pores (QDP) and the water-holding 

pores (WHP). These two categories also represent 

major portions of soil porosity, and they are of a 

very important significance in soil fertility and plant 

growth. Data were shown in Table (3) the QDP 

values obtained in the current study, the applica-

tion of bentonite 1, 2.5 and 5% lead to, QDP val-

ues decreased by 29.73, 26.21 and 24.33. In addi-

tion, QDP values decreased to 28.61, 25.80 and 

22.82 by the application of chicken manure 5, 10 

and 15 ton/fed. Also, data referred that QDP de-

creased to 24.18, 22.83 and 21.13 by application 

of 2.5% bentonite combined with each of 5, 10 and 

15 ton/fed chicken manure, as compared with con-

trol, respectively. 

While the application of bentonite 1, 2.5 and 

5% lead to, the water-holding pores (WHP) values 

increased by 6.87, 8.05 and 10.55. In addition, 

WHP values increased to 9.21, 10.43 and 11.27 by 

the application of chicken manure 5, 10 and 15 

ton/fed. Also, data referred that WHP increased to 

12.03, 12.81 and 14.11 by application of 2.5% ben-

tonite combined with each of 5, 10 and 15 ton/fed 

chicken manure, as compared with control, respec-

tively. 

Therefore, the positive effect of bentonite 

or/and chicken manure addition from the view point 

of porosity is in terms of redistribution of pore size 

fractions so as to increase the water-useful frac-

tions in particular, which represent a significant 

portion of the pores and hold easily available water 

for plants. Such changes in the pattern of pore size 

distribution would be reflected in increased water 

holding capacity, and would most certainly contrib-

ute in greater plant growth and ultimately higher 

grain yields as shown by the relevant data of these 

parameters. The most effective was that of applica-

tion of 2.5% bentonite combined with 15 ton/fed 

chicken manure. 

These results may be attributed to the redistri-

bution of solid particles after the existing of label 

bentonite and chicken manure. In this case, soil 

aggregates can be established, hence the water 

holding pores increased and consequently availa-

ble moisture in the treated soils. Loveday (1974). 

Increased proportions of water useful pores as a 

result of adding organic soil conditioners was ob-

served Abd El-Salam et al (2006) and Ali (2011) 

who applied organic manure up to 27 Mg f-1. 

Evanylo et al (2008) who reported increased po-

rosity as well as decreased bulk density upon add-

ing rates of organic composts equivalent to 7.0 to 

14.0 Mg.f-1 under different organic farming sys-

tems. Also, adding bentonite or/and chicken ma-

nure leads to significant change in pore size distri-

bution due to high organic matter in chicken ma-

nure and fine particles in bentonite which leads to 

an increase in fine capillary pores on the expense 

of quickly drainable pore and consequently, an 

increase of the retained moisture in sandy soil, 

Table (6). 
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Table 3. Effect of different treatments on pore size distribution 

 

Treatment Rate 
QDP 

>28.8µ 

SDP 

28.8-8.6µ 

WHP 

8.6-0.19µ 

FCP 

<0.19µ 

Bentonite 

1% 29.73 3.97 6.87 2.17 

2.5% 26.21 4.11 8.05 2.53 

5% 24.33 6.07 10.55 2.82 

Chicken 

Manure 

5 ton/fed 28.61 6.72 9.21 1.97 

10 ton/fed 25.80 8.13 10.43 2.06 

15 ton/fed 22.82 10.18 11.27 1.92 

Combination 

2.5% Ben.+5 CM 24.18 9.48 12.03 2.59 

2.5% Ben.+ 10 CM 22.83 11.32 12.81 2.81 

2.5% Ben.+ 15 CM 21.13 13.78 14.11 2.97 

Control 31.69 2.91 3.16 1.93 

 

 

 

Infiltration rate (IR) 

 

 

I =0.5*S.t-0.5+A 

 

Regarding to the obtained equations. If we ex-

pressed on A by intersect of the Y axis at time 1 

min. and S it is the slope. These constants (A and 

S) are useful indicators that water intake in soil 

where A expresses on the volume of water that 

intake in soil vertically through unite area from soil 

surface after one minute from starting the infiltra-

tion determination whereas, S expresses the 

changes in water intake with time. Table (4) show 

these constants as affected by different application 

rates of bentonite, chicken manure and their com-

bination.  

Soil Infiltration rate (IR) (cm/h) is the volume 

flux of water flowing into the profile per unit of soil 

surface area. Table (4) and Figs. (2-4) show that 

the application of bentonite 1, 2.5 and 5% lead to, 

IR values decreased by 29.28, 19.04 and 17.14 

cm/h, with reduction of 25.89, 51.81 and 56.62%. 

In addition, IR values decreased to 29.24, 25.50 

and 22.34 cm/h with the application of chicken 

manure 5, 10 and 15 ton/fed, with reduction of 

26.00, 35.46 and 43.46 %. Also, data referred that 

IR decreased to 23.51, 18.07 and 15.71cm/h by 

application of 2.5% bentonite combined with each 

of 5, 10 and 15 ton/fed chicken manure, with re-

duction of 40.50, 54.27 and 60.24% as compared 

with control, respectively. The values of infiltration 

rate, affected by different soil application can be 

arranged in the following ascending order: 2.5% 

bentonite+ 15 ton/fed chicken manure < 5% ben-

tonite < 2.5% bentonite + 10 ton/fed chicken ma-

nure < 2.5% bentonite < 15 ton/fed chicken ma-

nure < 2.5% bentonite+ 5 ton/fed chicken manure 

< 10 ton/fed chicken manure < 5 ton/fed chicken 

manure < 1% bentonite < control. Data in Table (6) 

reveal that the effect of application bentonite, 

chicken manure and their combination in different 

rates were decreased significantly compared to 

control, this resulted data agreement with Saied et 

al (2017).  

It is also evident that the rate of water entry into 

the soil treated with different rates of bentonite, 

chicken manure and their combination, is relatively 

lower than that in the control. This behavior may 

be ascribed to the relatively higher content rates of 

bentonite, chicken manure and their combination, 

which may result in partial blocking of soil pores 

with modification of the pore size distribution, 

which result in increasing the micro pores and thus 

decrease in the basic infiltration rates of treatments 

compared to control. 
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Table 4. Effect of different treatments on soil infiltration rates 

 

Treatment Rate Equation 
Infiltration parameters 

R2 

S A I (mm/h) D (mm) 

Bentonite 

1% 
D= S.t0.5+At 

4.9912 0.3115 29.28 132.89 0.995 
I = 0.5*S.t-0.5+A 

2.5% 
D= S.t0.5+At 

3.2994 0.2010 19.04 86.80 0.998 
I = 0.5*S.t-0.5+A 

5% 
D= S.t0.5+At 

5.7059 0.0840 17.14 97.49 0.998 
I = 0.5*S.t-0.5+A 

Chicken  

Manure 

5 ton/fed 
D= S.t0.5+At 

5.6875 0.2863 29.24 137.69 0.993 
I = 0.5*S.t-0.5+A 

10 ton/fed 
D= S.t0.5+At 

4.8218 0.2545 25.50 119.09 0.984 
I = 0.5*S.t-0.5+A 

15 ton/fed 
D= S.t0.5+At 

4.0186 0.2303 22.34 102.89 0.998 
I = 0.5*S.t-0.5+A 

Combination 

2.5% Ben.+5 CM 
D= S.t0.5+At 

6.1685 0.1738 23.51 121.99 0.997 
I = 0.5*S.t-0.5+A 

2.5% Ben.+ 10 CM 
D= S.t0.5+At 

4.3373 0.1479 18.07 90.92 0.997 
I = 0.5*S.t-0.5+A 

2.5% Ben.+ 15 CM 
D= S.t0.5+At 

3.4701 0.1392 15.71 76.91 0.993 
I = 0.5*S.t-0.5+A 

Control 
D= S.t0.5+At 

6.0427 0.4449 39.51 174.44 0.997 
I = 0.5*S.t-0.5+A 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Infiltration rates (cm/h) as affected by different rates of bentonite treatments 
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Fig. 3. Infiltration rates (cm/h) as affected by different rates of chicken manure treatments 

 

 

 

 

 

 
 

Fig. 4. Infiltration rates (cm/h) as affected by different rates of combination bentonite + 

chicken manure treatments 
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Water Use Efficiency (WUE) 

 

 

Values of the water use efficiency, which reflect 

the relation between the production and the total 

seasonal water used are presented in Table (5) 

and Fig. (5). Data show that treating the sandy soil 

with tested conditioners led to an increase in water 

use efficiency by growing fennel plants in kg per 

each cubic meter of irrigation water used. Regard-

ing to the water use efficiency (WUE) of fennel 

grain yield as affected by application of bentonite, 

chicken manure and their combination under dif-

ferent rates, data pointed out that almost applica-

tion of combination bentonite + chicken manure, 

had a superior effect on WUE of fennel grain yield 

than each of bentonite or chicken manure alone. 

Also, data indicated that maximize WUE of grains 

fennel were combination 2.5% bentonite + 15 

ton/fed chicken manure followed by 2.5% bentonite 

+ 10 ton/fed chicken manure, greater than 2.5% 

bentonite + 5 ton/fed chicken manure. The applica-

tion of bentonite 1, 2.5 and 5% lead to, WUE val-

ues increased by 0.63, 0.65 and 0.67 kg.m-3, with 

increasing rate to 10.11, 13.62 and 17.29%. In 

addition, WUE values increased to 0.71, 0.75 and 

0.77 kg.m-3 by the application of chicken manure 5, 

10 and 15 ton/fed, with increasing rate to 24.31, 

31.50 and 35.00 %. Also, data referred that WUE 

increased to 0.83, 0.87 and 0.93 kg.m-3 by applica-

tion of 2.5% bentonite combined with each of 5, 10 

and 15 ton/fed chicken manure, with increasing 

rate to 45.70, 52.72 and 63.41% as compared with 

control, respectively. From these results, it was 

concluded that under restricted water used that 

application bentonite, chicken manure and their 

combination at different rates to soil will provide 

fennel plants by their needs of irrigation water 

without any stress, this resulted data agreement 

with Hussein et al (2013). 

The WUE as affected by different soil applica-

tion can be arranged in the following descending 

order: 2.5% bentonite + 15 ton/fed chicken manure 

> 2.5% bentonite + 10 ton/fed chicken manure > 

2.5% bentonite+ 5 ton/fed chicken manure > 15 

ton/fed chicken manure > 10 ton/fed chicken ma-

nure > 5 ton/fed chicken manure > 5% bentonite > 

2.5% bentonite> 1% bentonite > control. 

 

 

 

 

 

Table 5. Effect of different treatments on fennel grains yield and WUE 

 

 

 

  

 

 

Treatment Rate 

No. 

branch/ 

plant 

No. of 

Umbels/ 

plant 

Weight 

grains/plant 

(gm) 

Grains 

yield 

(kg.fed-1) 

WUE 

(kg.m-3) 

Bentonite 

1% 6 28 42.6 659 0.63 

2.5% 8 35 45.8 680 5..0 

5% 9 38 49.1 702 0.67 

Chicken  

Manure 

5 ton/fed 8 32 51.6 744 0.71 

10 ton/fed 8 36 54.8 787 0.75 

15 ton/fed 9 40 59.2 808 0.77 

Combination 

2.5% Ben.+5 CM 9 41 62.6 872 0.83 

2.5% Ben.+ 10 CM 10 43 65.3 914 0.87 

2.5% Ben.+ 15 CM 11 46 69.9 978 0.93 

Control 5 20 40.5 595 0.57 
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Fig. 5. Water use efficiency as affected by different treatments. 

 

 

 

 

 

Yield 

 

 

Small amounts of bentonite increase growth 

rates and yields of many plants in sandy soil. Ta-

ble (5) illustrated the effect of different rates of 

bentonite, chicken manure and their combination. 

The increasing rates of fennel grains yield values 

were 10.76, 14.29 and 17.98% for application 1, 

2.5 and 5% bentonite. Also the increasing rates of 

fennel grains yield values were 25.04, 32.27 and 

35.80% for application 5, 10 and 15 ton/fed chick-

en manure. While the increasing rates of fennel 

grains yield values were 46.55, 53.61 and 64.37% 

for application of 2.5% bentonite combined with 

each of 5, 10 and 15 ton/fed chicken manure as 

compared with control, respectively. Data show 

that the highest of fennel grains yield was under 

treatment 2.5% bentonite + 15 ton/fed chicken 

manure. The application of 1, 2.5 and 5% benton-

ite, 5, 10 and 15 ton/fed chicken manure and com-

bination of 2.5% bentonite with each of 5, 10 and 

15 ton/fed chicken manure had high significantly 

increased the fennel grains yield Table (6). El-

Kholy et al (2000) and Hassan & Abdel Wahab 

(2013) supported the obtained data, and attributed 

the increase in yield to the soil ability to storage 

water for plant till needed. 
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Table 6. Statistical analysis ANOVA of soil treatments and their rates on some soil physical and yield 

 

Soil property BD Por. F.C. A.W QDP SDP WHP FCP IR WUE Yield 

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

LSD0.05 0.06 1.29 0.23 0.193 1.11 0.10 0.11 0.07 1.4 0.02 20.9 

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

LSD0.05 0.05 2.23 0.40 0.33 1.93 0.18 0.19 0.12 2.40 0.035 36.20 

Rank Mean of treatments addition 

Bentonite b c c c b c c b c c c 

Chicken manure b b b b b b b c b b b 

Bentonite + Chicken M c a a a c a a a d a a 

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

Rank Mean of treatments  rates addition 

1% Bentonite b d i g b h h d b g g 

2.5% Bentonite b cd g e c h g c e fg fg 

5% Bentonite c bc d f cd g e b ef f f 

5 ton/fed CM c b h d b f f ef bf e e 

10 ton/fed CM cd b e c cd e e de c d d 

15 ton/fed CM d a c b ef c d f d d d 

2.5 Ben+5 ton/fed CM cd b f c de d c c cd c c 

2.5 Ben+10 ton/fed CM d a b b ef b b b ef b b 

2.5 Ben+15 ton/fed CM de a a a f a a a f a a 

Control a e j h a i i f a h h 

 

 

CONCLUSIONS 

 

From the above mentioned results, it can be 

concluded that increasing application rates of ben-

tonite, chicken manure and their combination led to 

improve the soil physical properties under investi-

gation, especially the treatment combination of 

2.5% bentonite with 15 ton/fed chicken manure. In 

case of different rates bentonite treatment alone it 

could be recommended as a suitable material in 

order to supply clay fraction to sandy soil, high 

rates of bentonite should be avoided. Application 

combination of bentonite + chicken manure could 

be used economically for maximizing water use 

efficiency. 
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 زــــــــــــــــالموجـ
 

بحتتتت فتتترو  برحتتتة رمليتتتة  إجريتتتت بةرحتتتة  قليتتتة  
بمحافظتتة اماتتماعيلية. بهتتد  هتتسة الدرااتتة إلتت  بحستتي  
إنتاجية الترحة الرمليتة المتترةرة بتالأملاو. و لتس بداتت دا  

التتتتتتتتدواج  معتتتتتتتتدة  م تلبتتتتتتتتة متتتتتتتت  الب تونيتتتتتتتتت واتتتتتتتتماد 
 كالتتتتتتتتتال   . كانتتتتتتتتت المعتتتتتتتتدة  المستتتتتتتتت دمةوخليطهمتتتتتتتتا
, 11 , 2(، اتماد التدواج  )٪2 ، 5.2 ، 1الب تونيت )

الب تونيتتتت متتت  كتتتلا  ٪5.2ط /فتتتداو( وخلتتتي  متتت  ) 12
( بتتتم ال لتتت   12, 11, 2متتت   ط /فتتتداو اتتتماد التتتدواج ل

 رتتتتتتتتة برةيتتتتتتتاتتتم فتتت  الترحتتتة. وا  تتتا دراا 12 تتتت  عمتتت  
واص البيزيائيتتتتتة تتتتتتتتتافا  علتتتتت  بعتتتتت  ال تتتتتتتتتتتسة اةضتتتتتتتتتتتتته

 Foeniculumللترحة وإنتاجية محصتول ناتا  الرتمر )

Vulgare Mill.اجريت التةرحة ختلال فصتا الرتتاء .) 

بحتتت نظتتا  التترن بتتالت هي  بميتتاة اةبتتار ملو تهتتا  5112
 .11د سيسيم ز/  ونساة الصوديو  المدمص  5..2

الم تافة أفهر  ال تائج أو بترةير جميت  المعتاملا  
بمعتتتتتتتدةبها الم تلبتتتتتتتة التتتتتتتتي بمتتتتتتتت درااتتتتتتتتها اد  التتتتتتت  
ان بتتتتتاث ال اافتتتتتة الظاهريتتتتتة للترحتتتتتة برتتتتت ا كبيرمقارنتتتتتة 

 ٪2, 5.2, 1بتتتال  ترول.  يتتتس او ااتتتت دا  الب تونيتتتت 
, 15..ادى إلتت  إن بتتاث اتتيم ال اافتتة الظاهريتتة   ستتاة 

علتت  التتتوال . بامضتتافة إلتت   لتتس ،  11.51٪, 2..2
 12,  11,  2التتتدواج  بمعتتتدة  ادن ااتتتت دا  اتتتماد 

طتتت  /فتتتداو إلتتت  إن بتتتاث اتتتيم ال اافتتتة الظاهريتتتة   ستتتاة 
.  ي متتا أدى ااتتت دا  خلتتي  22٪..1, 11.11, 1..2
 12 ،11 ،2متتتتتتتت  الب تونيتتتتتتتتت متتتتتتتت  كتتتتتتتتا متتتتتتتتت   5.2٪

ط /فتتتتتداو اتتتتتماد التتتتتدواج  إلتتتتت  إن بتتتتتاث اتتتتتيم ال اافتتتتتة 

مقارنتتتتة  ٪15.21, 2..12, 11.11الظاهريتتتتة   ستتتتاة 
التتتوالي.  ي متتا اوضتتحت ال تتتائج اضتتافة  بتتال  ترول علتت 

هسة المعاملا  بمعدةبها الم تلبة زيادة مع ويتة فت  اتيم 
المستتامية.  يتتتس بزيتتتد اتتتيم المستتامية متتت  زيتتتادة معتتتدة  
الب تونيتتتتتت واتتتتتماد التتتتتدواج ، أعلتتتتت  اتتتتتيم للمستتتتتامية متتتتت  

الب تونيتت مت  كتا مت   5.2معدة  اةضافة م  خلتي  
دواج . كمتتتا أتتتتار  طتتت  / فتتتداو اتتتماد التتت 12, 11, 2

ال تتتتتائج إلتتتت  أو الزيتتتتادة فتتتتي  بتتتتة الترحتتتتة للمتتتتاء  زيتتتتادة 
معتتتدة  اةضتتتافة كتتتلا متتت  الب تونيتتتت واتتتماد التتتتدواج  
برتتت ا فتتتردن أو مةتمعتتتة. واوضتتتحت ال تتتتائج ا  تتتا  او 
أعلتت  اتتتيم لحبتتة الترحتتتة للمتتاء كانتتتت متت  زيتتتادة معتتتدة  
ال ل  م  الب تونيت واتماد التدواج .  يتس او إاتت دا  

ادن إلتتتت  زيتتتتادة مستتتتا   ٪2, 5.2, 1لب تونيتتتتت بمعتتتتدل ا
. ٪11.22, 2.12, 1.25(   ساة WHP بة الماء )

إلتت   WHPبامضتتافة إلتت   لتتس زيتتادة مستتا   بتتة المتتاء 
نتيةتتتتتتتتتة إاتتتتتتتتتت دا  اتتتتتتتتتماد  11.55٪, 1..11, 51..

ط /فتتداو اتتماد دواجتت .   12 ,11 ,2التتدواج  بمعتتدل 
بتتة المتتتاء أ  تتا أتتتار  البيانتتا  إلتتت  أو زيتتادة مستتا   

نتيةتتتتتتتة إاتتتتتتتت دا   ٪ 11..1, 15.21 ،15.11إلتتتتتتت  
طت /  12 ,11 ,2 الب تونيت م  كتا مت  ٪5.2خلي   

علتتتت  التتتتتوالي.  ،مقارنتتتتة بتتتتال  ترول ,فتتتتداو اتتتتماد دواجتتتت 
 م تت  بربيتتم اتتتيم معتتدل رتتتتا الترحتتة للمتتتاء بحتتت بتتترةير 
المعتتتتتتدة  الم تلبتتتتتتة متتتتتت  المعتتتتتتاملا  بحتتتتتتت الدرااتتتتتتتة 

ط /فتداو اتماد  12  تونيت +  ٪5.2بالتربيم التالي  
 11  تونيتتتت +   ٪5.2   تونيتتتت    ٪2التتتدواج    

 12  تونيتتتتتتتتت    ٪5.2ط /فتتتتتتتتداو اتتتتتتتتماد دواجتتتتتتتت    
 2الب تونيتتتتتتتتت +  ٪ 5.2ط /فتتتتتتتتداو اتتتتتتتتماد دواجتتتتتتتت    

http://ajs.journals.ekb.eg/
mailto:h.a.elia@hotmail.com
mailto:h.a.elia@hotmail.com
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ط /فداو اماد دواج     11ط /فداو اماد دواج    
الب تونيتتتتتتتتتتتت    ٪ 1ط /فتتتتتتتتتتتداو اتتتتتتتتتتتماد دواجتتتتتتتتتتت     2

ال  تتترول.  م تت  بربيتتم اتتيم كبتتاءة ااتتت دا  الميتتاة بحتتت 
بتترةير المعتتدة  الم تلبتتة متت  المعتتاملا  بحتتت الدرااتتة 

ط /فتداو اتماد  12  تونيت +  ٪5.2بالتربيم التالي  
ط /فداو اماد دواج   11  تونيت +  ٪5.2< دواج  

 12ط /فتتداو اتتماد دواجتت  <  2  تونيتتت +  5.2٪< 

ط /فداو اماد دواج  <  11ط /فداو اماد دواج  < 
 ٪ 5.2الب تونيتتت <  ٪ 2ط /فتتداو اتتماد دواجتت  <  2

 الب تونيت < ال  ترول. ٪ 1الب تونيت < 
 

ــة:  بتتة  ال تتواص الطبيةيتتة للترحتتة، مستتا  الكلمــات الدال
المتتتتاء، الأراضتتتتي الرمليتتتتة، معتتتتدل رتتتتتا الترحتتتتة، كبتتتتاءة 
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