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ABSTRACT 
 
Completely randomized field experiments were conducted at El-Arish 

Agricultural Research Station, North Sinai, during the winter season of 2005/2006 and 
the summer one of 2006. The effect of Super Absorbent Polymers (SAPs) combined 
with local bentonite in the ratio of 1:20 (w/w), was studied on soil chemical and hydro-
physical characteristics and some morphological growth parameters as well as the 
yield production of faba bean (Vicia faba L.) and corn (Zea maiza) grown under drip 
irrigation system and natural drainage conditions. Soil conditioner was applied in the 
rate of 0, 1.5, 2.0 and 2.5 ton/fed.  

Obtained results reveal that soil chemical properties, i.e., EC, pH, soluble 
cations and anions as well as SAR values are directly affected by increasing 
conditioner application rate. Modification in soil textural class from sandy to sandy 
loam was existed with the increase in clay content. Bulk density, macro-pores and 
saturated hydraulic conductivity values were markedly decreased, while the values of 
total porosity, water holding capacity, field capacity and available moisture were 
progressively increased. The greatest improvement in these soil characteristics is 
pronounced under the highest rate of conditioner doses. Moreover, growth 
parameters of the two crops as well as their seed yields were beneficially increased 
with increasing the rate of applied conditioner. This reveals to the highly magnitude of 
combining synthesized and natural conditioners in a proper amount to improve El-
Arish sandy soils properties and enhancing their productivity.  
Keywords: Sandy soil, Bentonite, Synthetic soil conditioners, Super Absorbent 

Polymers (SAPs), Chemical and hydro-physical properties, Productivity.   

 
INTRODUCTION 

 
 Sandy soils widely exist in arid and semi-arid regions such as the 

east and west desert areas of Egypt. Increasing the productive lands is one 
of the major targets of the agricultural policy. The productivity of sandy soils is 
mostly limited by several agronomic obstacles. Their very low specific surface 
area caused its inert chemical and biological conditions. The fertility level of 
such soils is very poor and is controlled by their fine fractions, i.e. clay and 
organic matter contents. In this respect, Abd El-Kader (1999) showed that 
nutrients applied to raise the low fertility of sandy soils were subjected to loss 
by leaching. Due to low water retention of such soil, it needs frequent 
irrigations at short intervals.  

Several applications of natural and synthesized soil conditioners were 
carried out to improve some physico-bio-chemical properties of sandy soils 
and their productivity (Abou-Gabal et al., 1990 and Arafat and El-Hady, 
2002). In this concern, Afifi (1986) mentioned that the addition of clay 
deposits (Bentonite) to the sandy soil increased the retention and availability 
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of soil moisture, reduced the velocity of downward water movement and 
restricted the deep percolation and leaching out nutrients. At the same time, 
El-Sherif and El-Hady (1986) postulated that mixing sandy soil with local 
bentonite improved soil mechanical, hydrophysical and chemical properties, 
and consequently increasing water use efficiency. Sallam et al. (1995) 
concluded that mixing shale deposits (clay content 72% dominated by 
smectite) with sand improved the physico-chemical properties and in 
particular the soil moisture characteristics and cation exchange capacity. In 
addition, El-Hady et al. (2004) stated that synthesized absorbent polymers 
(hydrogels) were effective in modifying the pore size distribution towards the 
increase in water holding pores on the expense of drainable ones. Moreover, 
the available water for plants increased up to more than two times that of the 
original sandy soil. The effect of hydrogels on improving plant-soil water 
relations in sandy soil was very near to that of bentonitic clay and much better 
than that of farmyard manure. Similar results were obtained by Ouchi et al. 
(1989), Helalia et al. (1992) and Moustafa et al. (1995). Moreover, Sivapalan 
(2001) indicated that the additional amount of water retained by the soil due 
to the presence of a synthetic anionic copolymer (ALCOSORB 400) was 
completely available to soybean plants. Consequently there were substantial 
increases in water use efficiency by plants grown in soils treated with different 
application rates of the polymer.  

The present work aims to highlight the favorable effect of applying 
natural local bentonite in combining with a synthesized conditioner, i.e., 
Super Absorbent Polymers (SAPs) at different rates on some sandy soil 
properties at El-Arish, North Sinai, and its productivity.  
 

MATERIALS AND METHODS 
 
The current study was carried out at El-Arish Agricultural Research 

Station, which prolongs to the Agricultural Research Center (A.R.C). The soil 
is light in texture with deep groundwater (more than 6m). Faba bean (Giza 
843) as a winter crop (2005/2006) and corn (Zea maize) as a summer one 
(2006) under drip irrigation system were chosen as the indicator crops. 
Before faba bean cultivation, the natural local bentonite obtained from Cairo-
Ismailia Desert Road was added and mixed with the soil of each pit, and then 
two successive irrigations were applied to leach and reduce the high soluble 
salts content of bentonite. After that, Super Absorbent Polymers (SAPs), with 
the same major component (polyacrylic acid), i.e. Arasoubu S-107, Arnon T-
121, Bargas-700, Diawet-A and IPC-01, were applied to the plant pits 
previously treated with bentonite. The ratio between the synthesized and 
natural conditioners was 1:20 (w.w). , i. e., the combined conditioner additives 
was at the rate of 0.0, 1.5, 2.0 and 2.5 ton/fed (0, 75, 100 and 125 g/pit). 
Some physical and chemical characteristics of the used bentonite are 
presented in Table (1). The statistical design was completely randomized with 
four replicates for each treatment. The recommended doses of N and K 
fertilizers for each crop were applied through the irrigation system, while 
phosphorus was added manually to each pit after planting. At maturity and 
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harvesting time of both crops, some growth parameters and the seed yields 
(kg/fed.) were recorded. Representative soil samples (0-30 cm) were 
collected to determine some soil chemical and hydro-physical properties. Soil 
salinity, soluble cations and anions were measured according to Page (1982). 
Particle size distribution was carried out as described by Dewis and Freitas 
(1970). Soil bulk density was determined by core method (Page, 1982). Total 
soil porosity was calculated using the data of bulk density. Soil moisture 
characteristics were carried out for each treatment over the range from 0 to 
15 atm. using the pressure cooker for the pressures of 0.1 and 0.33 atm., and 
the pressure membrane apparatus for the pressures >1 atm., Available water 
and pores size distribution were computed (Loveday, 1974). The hydraulic 
conductivity was measured under constant head after Klute (1965). The 
obtained results were statistically analyzed as described by Gomez and 
Gomez (1984).  
 
Table )1(: Some physical and chemical properties of Cairo-Ismailia 

Desert Road bentonite     
Physical properties  Chemical properties 

Particle size distribution %   Electrical conductivity (EC) dS/m 17.15 

Coarse sand 2000-200u 0.5 pH (1: 2.5) soil: water suspension 7.68 

Fine sand 200-20u 4.5 Soluble cations meq/1:  

Silt           20-2u 23.1 Ca2+ 15.3 

Clay        <2u 71.9 Mg2+ 22.6 

Bulk density  g/cm3  1.25 K+ 0.2 

Total porosity % 52.8 Na+ 149.0 

Pore size distribution as % of total porosity   Soluble anions meq/1:  

Macro (drainable) pores (>28.8u) 44.7 CO3
2- Nil 

Micro  pores (<28.8u) 55.3 HCO3
- 2.7 

Water holding capacity (WHC)* 82.7 Cl- 153.6 

Field capacity (FC)*  45.7 SO4
2- 30.9 

Wilting percentage (WP)*  27.0 Total CaCO3 % 0.2 

Available moisture (FC-WP)* 18.7 Organic matter % 0.3 

Hydraulic conductivity m/day  0.146   

* % on weight basis 

 
RESULTS AND DISCUSSION 

 
1-  Soil chemical properties as influenced by the conditioner additives: 

Several soil chemical properties were affected by soil conditioner 
additives. Although bentonite has a very high salinity level (17.15 dS m-1), the 
treated soil by the combined SAPs and bentonite were less saline than the 
untreated ones (Table 2). These low salinity levels were achieved by adding 
a considerable amount of irrigation water at the beginning of planting 
process. In this concern, previous studies implied the possibility to decrease 
salt content of sandy soils treated with bentonite through leaching (El-Sherif 
and El-Hady, 1988 and Hefny, 2003). There are an increase in the values of 
both pH and sodium adsorption ratio (SAR). As previously mentioned, the 
hazards of soil salinity and/or alkalinity can be possibly declined by taking 
leaching requirements into account.  
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Table )2(: Some chemical properties for the surface layer (0-30cm) of El-
Arish  soil as influenced by SAPs and bentonite applications  

Treatment 
Ton/fed 

pH EC 
ds/m 

Soluble cations meq/1 Soluble anions meq/1 SAR 

Ca2+ Mg2+ Na+ K+ HCÒ3 Cl` SO2-
 4 

Control  8.75 1.73 4.15 4.65 8.00 0.69 2.88 6.49 8.12 3.81 
1.5 8.80 1.54 3.55 3.16 8.25 0.49 2.30 6.37 6.64 4.51 
2.0 8.86 1.51 3.30 2.37 8.84 0.35 2.59 3.82 8.59 5.26 

2.5 9.02 1.53 3.18 1.43 10.25 0.34 2.73 3.68 8.79 6.74 
 

2. Soil hydro-physical properties as influenced by the conditioner 
additives:  

1-Soil texture:  
 Data in Table (3) show that the values of coarse sand were reduced 
on the expense of fine sand, silt and clay fractions which increased as the 
conditioner application rate increased. In fact, the increase in the finest 
fractions (silt and clay) can be attributed to the addition of bentonitic clay 
deposits (Al-Omran et al., 2002). Moreover, soil texture in consequence, was 
slightly turned from sandy in the untreated soil to loamy sand with increasing 
the conditioner additives. These modification in soil textural class took similar 
trend with those observed by El-Hady and El-Sherif (1988-a and b) and 
pointed out by Hefny (2003) who emphasized that mixing sandy soils with 
bentonitic clays changed their textural class towards the finer ones and in 
turn their hydro-physical and chemical properties may be improved.  
2-Bulk density and total porosity:  
 Table (3) reveals to a good improvement in both soil bulk density and 
total porosity status due to the increase in the SAPs-bentonite conditioner 
application rates. The values of bulk density were slightly decreased by 3.0, 
4.2 and 7.2%, while the values of total porosity were increased by 5.1, 7.0 
and 12.2% under 1.5, 2.0 and 2.5 ton/fed of the conditioner, respectively as 
compared with the untreated one. These results can be attributed to the 
redistribution of soil particles, the increase in bulk soil volume and the binding 
action of SAPs which assess to improve soil structure, mainly in aggregate 
formation. These findings are very close to that obtained by Al-Omran et al. 
(2002).  
 

Table (3): Some hydro-physical properties as affected by the combined 
SAPs+ bentonite application rates at El-Arish sandy soils  

Soil properties  SAPs +  bentonite treatments (ton/fed) 

Control 1.5 2.0 2.5 

Particle size distribution %      

    - Coarse sand  66.64 62.94 62.48 61.45 

    - Fine sand  19.23 20.34 20.64 20.35 

    - Silt  8.24 8.84 8.19 8.81 

    - Clay   5.89 7.88 8.69 9.39 

Texture class  Sandy L.S L.S L.S 

Bulk density 3g/cm 1.67 1.62 1.60 1.55 

Total porosity % 37.0 38.9 39.6 41.5 

Water holding capacity* % 21.94 23.8 24.66 26.66 

Field capacity* % 6.31 8.29 10.5 12.17 

Wilting percentage* % 1.16 1.50 1.83 2.02 

Available water* % 5.15 6.79 8.67 10.15 

Hydraulic conductivity  cm/h 6.11 4.13 3.39 2.64 

*On weight basis   L.S. = Loamy sand  
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3- Soil moisture retentions:  
 The influence of combining the polymer with bentonite on soil 
moisture retentions, i.e., total water holding capacity (WHC) at pF=0, field 
capacity (FC) at pF=2 and wilting percentage (WP) at pF=4.2 as well as the 
available water (FC-WP) of sandy soil is shown in Table (3). Obtained data 
show that the increase in soil (WHC) reached 8.5, 12.4 and 21.5% for the 
treated soils as compared to untreated one. Moreover, the amount of water 
held by amended soil was greater than that held by untreated one at both FC 
and WP. The increase in moisture retained at field capacity achieved 31.4, 
66.4 and 92.9%, while such increase in available water become 31.8, 68.4 
and 97.1% after mixing sandy soil with 1.5, 2.0 and 2.5 ton/fed of bentonite+ 
SAPs, respectively.  
 This increase in soil moisture retention parameters is considered as 
the greatest goal in the reclamation of sandy soils, where water deficit is 
occurred. These may be rendered to the increase in fine particles content 
(clay fraction) resulted from bentonite additives and the binding action of the 
super absorbent polymers (SAPs) (Helalia et al., 1992). The highly magnitude 
of these results is saving a lot of irrigation water which can be used to 
reclaim, cultivate new areas and to enhance water use efficiency of most 
crops. 
4-Pore size distribution: 
 Pore size distribution of El-Arish sandy soil as affected by SAPs and 
bentonitic clays are demonstrated in Fig. (1). It is obvious that micropores 

(<28.8) especially those responsible for the available moisture i.e. water 
holding pores (W.H.P, 28.8-0.19µ) are progressively increased on the 
contrary of the macro ones which represents the total drainable pores (T.D.P, 

>28.8). On the other hand, fine capillary pores (F.C.P) which retain soil 
moisture at the wilting percentage, are slightly increased. These results may 
be attributed to the redistribution of solid particles after the existing of 
bentonite and the swelling and bending action resulted from the applied 
polymers. 
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Fig. (1): Pore size distribution of Al-Arish sandy soil as affected by 

SAPs and bentonite application rates.  
 
In this case, soil aggregates can be established, hence the water holding 
pores increased and consequently available moisture in the treated soils. 
Similar trend were observed by El-Hady et al. (2003) who pointed out that 
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increasing available moisture for plants elongates irrigation frequencies and 
in turn decrease the quantities of irrigation water needed and costs of 
irrigation process. 
5- Saturated hydraulic conductivity “K”:  
 Data in Table (3) show that the values of saturated hydraulic 
conductivity measured for the surface layer, were sharply decreased with the 
increase in the soil conditioner application rate. The greatest decrease in “K” 
values (56.8%) was recorded at the plots treated by 2.5 ton/fed of the 
conditioners compared with the untreated ones. Similar results were shown 
by Choudhary et al. (1995).  
2) Effect on growth parameters and grain yields of faba bean and corn 
plants:  
 Data presented in Table (4) show the increase percentage of the 
morphological vegetative growth parameters and seed yield of faba bean 
(Giza 3) due to soil conditioning. Plant height, number of branches/plant, 
number of pods/plant, number of seeds/pod, weight of 100 seed in grams 
(seed index) as well as the seeds yield of faba bean had significant increases 
with increasing the conditioner application rates.  
 
Table 4: The increase percentage in faba bean growth parameters and 

yield compared to control as affected by conditioner additives  
 

Treatment 

Plant 

height 
cm 

No. of 

branches/plant 

No. of 

pods/plant 

No. of 

seed/plant 

Seed 

 
Index 

Seed 

yield 
ton/fed 

Control  64.6 3.0 15.0 43.0 69.05 3.09 

The increase percentages compared to control (%) 

1.5 ton/fed 6.04 66.67 13.3 20.93 12.31 44.98 

2.0 ton/fed 15.33 66.67 20.0 39.53 22.23 56.98 

2.5 ton/fed 23.53 100.0 40.0 83.72 35.99 84.50 

L.S.D at 0.05 3.01* 0.598* 2.19* 1.44* 3.30* 0.36* 

* Significant 
 

 In addition, results of corn shown in Table (5) reveal that the growth 
parameters as well as the grain yield were clearly affected by the conditioner 
additions. Moreover, there is a significant increase in cob length, number of 
rows/cob, total cob weights and cob diameter with the different treatment of 
studied conditioner. While the weight of 100-grains (g) and the grains yield 
were significantly increased by increasing the conditioner rates.  
 

Table 5: The increase percentage in corn growth parameters and yield 
compared to control values as affected by conditioner 
additives.  

Treatments 
ton/fed. 

Cob 
length 

(cm) 

No. of 
rows/ 

cob 

Total cob 
weight 

(g) 

Grains 
weight/ 

cob (g) 

Cob 
diameter 

(cm) 

Grain 
yield 

(ton/fed) 

Grain 
 

Index 

Control  14.9 12.0 123.6 94.9 3.62 2.184 26.16 

The increase percentages compared to control (%) 

1.5  8.72 3.33 8.58 14.86 2.49 3.13 22.68 

2.0  35.57 6.67 70.71 74.29 11.05 8.18 47.42 

2.5  36.91 10.00 95.23 109.06 11.60 37.16 69.07 

L.S.D at 0.05 3.47* 1.27* 49.02* 40.14* 0.316* 1.736* 0.026* 

*  Significant,    
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The modification existed in soil chemical and hydro-physical 
properties by combining the synthesized polymers and bentonite as 
conditioners for El-Arish sandy soils caused an increase in their productivity. 
These results are in harmony with those found by Arafat and El-Hady (2002) 
who revealed that using hydrogels and organic composts as conditioners for 
sandy calcareous soils in Egypt caused an increase in both water and 
fertilizers use efficiency by plants and increased cotton yield.  
 It can be concluded that favorable modifications in soil properties 
were clearly obtained by applying the synthesized hydrogel (SAPs) combined 
with bentonitic clay deposits to El-Arish sandy soil. Consequently, growth 
parameters of indicator crops, as well as their yields were increased. 
Obtained results are promising to enhance the horizontal and/or vertical 
expanding agriculture in such problematic soils. The improve in agricultural 
status may modify the level of population life by increasing farmers income.  
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ةل    )الهي  و ولي   و الص  ت ةي   )العتكوتي  ا  لمحس  ت ا اليعيةي   المش  ك ل لرث    األ
 خواص وإتك لي  أ اض  الة يش ال ملي 

  أحمو حم وة ةعو ال حم  و  أحمو محمو محموي ةعو هللا
 مص    –الليزة  –م كز العحوث الز اةي   –مةهو عحوث األ اض  و المي ه و العيئ  

 

ام العشواايي  بوضرم مح و  البحواز اليرابيو  بوالعري   تأجريت تجربتين حقليتين بتصميم 
إضوواف  بوواليمرات باليوو  بغوورم ارانوو  تووض ير  2006ا 2005شووماس نوويخال عووىس بووام  محافظوو  

،  بلو  عوااص  20:1مو  البختاخيوت بخنوب   SAPsاألمتصاص  الكيمياييو  اال بيعيو  ا  التربو ايخوا
( 843فوواس البلواص فصووخة جيووي  اللمحصووال   اإلختاجيو الماييو  ابعووم مقوايين الخمووا العضووري  ا 

 لتخقي  فكمحصوواس شووتاص( ا الووشر  الشووامي  فكمحصوواس صوويف ( المخيربوو  تحووت ظووراة الوورص بووا
  ن/فاان.  2.5ا  2ا  1.5 ا االصرة ال بيع . اقا أضيفت محنخات الترب  بمعاالت صفر

أشارت الختايج المتحصس بليها تض ر عااص الترب  الكيميايي  م س التاصيس الكهربو  اارجو  
ص الصواايام مباشور  بييواا  معواس الحماض  اكمي  الكاتياخات ا األخياخات الشايب  امعواس إامصوا

أما العااص ال بيعي  فقا حاز تعايس ف  قاام الترب  من الرملي  إل  الرملي   ميي   إضاف  المحنن. 
باضاح قيم كوس مون الك افو  الظاةريو  ا المنوام  اخعفضتم  يياا  خنبي  ف  المحتاص ال يخ . اقا 

ت قويم كوس مون المنوامي  الكليو   النوع  التشوبعي  الاانع  اارج  التاصيس الهياراليك   بيخموا أرتفعو
أبلو   بانوتعاامي   امنام حفظ المال. اقا ظهر أبل  تحنون فو  عوااص التربو  لبالمال  النع  الحق

 . إضاف معاس 
، بلو  مقوايين المحنوخات  إضواف معواالت بىا  بل  شلو,  أ ورت الييواا  فو   توض يرا، إيجابيوا

، لشل, فقا  اس البلاص ا الشر  الشامي . الخما العضري  لكس من خباتات الف اا محصواس الحبوا  ياتبعا
 لكى المحصالين. 

المحنخات الصخابي  م  تلو, ال بيعيو  بمعواالت مخانوب  انتعاام ةشه الختايج تشير إل  أةمي  
 راض  الرملي  بمخ ق  العري  ايياا  إختاجيتها. أللتحنين عااص ا

 


