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ABSTRACT 
 
A two successive years (2008, 2009) completely randomized field experiment with Squash (Cucurbita pepo Var 
Iskandarani.) as an indicator plant, was conducted at El-Katta, Giza governorate to study the effect of treating a 
virgin sandy soil with hydrophilic polymers on yield and water and fertilizer use efficiency by plants. The 
hydrogel used was a mixture of an anionic "polyacrylamide K polyacrylate 30% anionicity "and a cationic 
"polyacrylamide allylamine hydrochloride 20% cationicity" hydrogel at the ratio of 2:3. Examined application 
rates of the hydrogel were 2, 3 and 4g / plant pit. Drip irrigation was adopted. Four irrigation regimes were 
applied namely, 100, 85, 70 and 50% of the water requirements by the crop. Produced yields by the unit of 
either irrigation water or added fertilizers refer to the beneficial effects of the examined hydrogel for reducing 
water consumption and increasing both water and fertilizers use efficiency by plants. Obtained results may 
prove the importance of using such products for conserving irrigation water and increasing the agricultural 
potentialities of sandy soils under the severe conditions of our deserts, i.e. the limited water resources and the 
inadequate water retention and low fertility of such soil. Under the conditions of conducted experiment, 
incorporating 2g of the hydrogel in the plant pit (i.e.. 20 kg / fed) and reducing the amount of irrigation water by 
15% or 3g ( i.e.= 30 kg /fed) under 70% irrigation may be profitable for the growers compared with other 
examined treatments. 
 
Key words: Hydrophilic polymers, drip irrigation, irrigation regimes, water requirements,  water    
                   and fertilizers use efficiency, squash.  
 
 
introduction 
 
 Previous work with hydrogels (super absorbent materials) indicated that such hydrophilic organic polymeric 
products, when mixed with sandy soils, associated quickly with irrigation water to form gels resulting in an 
increase of the soils capacity to store water. The water stored in this way is available to plants for some 
considerable time. Due to the bonding effect of hydrogel molecules with soil particles and their swell ability, an 
improved and stable structure of the soil is obtained. Besides, beneficial changes in soil porosity, particularly the 
amount of the water retaining pores, were achieved by the conditioning process (Nus, 1992; Smagin and 
Sadovnikova, 1995; Nadler, et al., 1996 and El-Hady, et al., 2003). Moreover, the germination process, the plant 
growth, the nutrients uptake, the yield and both the water and fertilizer use efficiency were beneficially 
increased by mixing the plant pits in sandy soil with hydrogels (Ouchi, et al., 1990; El-Hady, et al., 2001 and 
El-Hady, et al., 2002). This research work presents the effect of treating a virgin sandy soil with a hydrophilic 
polymer at different application rates on quantities of irrigation water needed for crop production from one side 
and yield and both water and fertilizer use efficiency on the other side. 
 
Material and methods 
 
 A two successive years (2008, 2009) completely randomized field experiment with four replications for 
each treatment was conducted as follows: 
 
Location: 
 
at a private farm, El-Katta, Giza governorate. 
 
Soil: 
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 Virgin sandy soil of which more than 90% consists of particles >20µ. The main analytical data of the soil 
are presented in Table 1. (Dewis and Freitas, 1970, Cottenie, et al., 1982). 
 
Size of each experimental plot: 
 
 1/100 feddan, i.e.100 plant pits. 
 
Soil treatments: 
 
1    Un-treated soil. 
2   Treated soil with the polymer (mixture of an anionic "polyacrylamide K polyacrylate 30% iconicity" and a 
cationic "polyacrylamide allyamine 

 
Table 1: Analytical properties of El-Katta sandy soil. 

1- Mechanical analysis : 
Sandy % Silt % Clay% 

Soil texture  Course >200u Fine >200-20u 
20-2u <2u 

50.6 41.4 4.4 3.6 Sandy  

2- Chemical analysis:  

pH 
1:2.5 

EC  
dSm-1 

CaCO3 

% 
O.M 
 %  

Cations(meqL-1) 
1:5 Extract  

Anions(meqL-1) 
1:5 Extract 

Ca++ Mg++ K+ Na+ CO3
-- HCO3

-- Cl- SO4
-- 

7.84 1.1 6.20 0.1 3.0 1.6 0.2 7.2 - 1.9 6.8 3.3 

3-  Hydro-physical analysis:   

Bulk density  
g cm-3 

Total Porosity 
% 

Water* Holding 
Capacity % 

Field* Capacity % 
Wilting* 
Percentage  

Hydraulic 
conductivity 
m day -1 

1.61 39.25 19.61 6.27 1.32 11.6 

*On weight basis.   

 
hydrochloride 20% cationicity" hydrogels at the ratio of 2:3) at the rates of 2, 3 and 4g per plant pit (about 2 kg 
soil). Gel crystals were incorporated to a depth of 15 cm. Description of the main constituents and properties of 
the used hydrogels is presented in Table 2. 
 
Indicator plant: 
 
 Squash (Cucurbita  pepo  Var Iskandarani.) was chosen as the indicator plant. 
 
Date of plantation: 
 
the last week of February. 
 
Irrigation: 
1- System: 
 
 Drip irrigation (agro drip). Distance between laterals 1.5 m, distance between drippers 50 cm, drippers 
discharge 4 l /h. and No of drippers / feddan~ 5000. 
 
2- Analysis of the irrigation water used: is given in Table 3. 
3- Water requirements for the crop: Water requirements for the Squash crop are presented in Table 4.    
     (Doorenbos, and Pruitt, 1977; Vermeiren, and Jobling, 1980). 
 
4- Treatments: Four irrigation treatments were examined namely; 100, 85, 70 and 50% of the water  
     requirements for the crop. 
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Table 2: Description of the main constituents and properties of hydrogel used. 
a- Main constituents 
Ionicity                                          Anionic                                                                               Cationic 
Active substance     Propeneamide Propionic acid Co-polymer (k-salt)    Propeneamide Allylamine Co-polymer (Cl-salt)    
Ionization degree                       30 mole%                                                20 mole% 
Cross linker                                                     divalent vinyl monomer 
Cross-linking ratio                                               1:10-4 mole / mole 
Percentage of active  
 substance                                                           Greater than 88% 
Monomer content                                           not higher than 300 ppm 
b- Properties 
Appearance                                                  White to slightly yellow grains 
Grain size                                                                     0.25-1mm 
Bulk density                                                                = 600 kg m-3 
Solubility                                                  Insoluble in water and organic solvents 
pH 0.1% in distilled water                                         7±0.5 
CEC (C mole kg-1)                    2045                                             2175 
c- Absorption capacity in g /g hydrogel 
Deionized water.                       = 525                                               = 430 
0.9% NaCl .                               = 44                                                = 35 
0.4% CaCl2 .                             =41                                                     = 36 
Saline water (1500 ppm)          = 64                                                    = 54 
Absorption time 
Up to 50%                                                    20 minutes 
Total absorption                                            60 minutes 
 
Table 3: Analysis of irrigation water used. 
                                       Cations (meq / L)                                        Anions (meq /L) 
pH    EC (dS/m)       Ca++         Mg++        K+        Na+                       Cl-       HCO3

-    SO4
-2     Adj SAR 

7.05    1.35              9.0        6.5        0.2       8.3                       5.9          3.5      14.6          7.33 
*Source: Well 
**Fe: traces<3ppm 
 
Table 4: Water requirements for squash plants grown on a sandy soil at El- Katta, Giza governorate (Drip irrigation). 
Month               F                          M                              A                       M                         J 
Period           25-28                     1-31                          1-30        1-25          25-30            1-9 
No. of days     4                           31                               30          25                5                 9 
E pan mm/day 4.5                       6.4                              8.5         11.2                             12.8 
Kp                    0.7m                   0.65                           0.65           0.65                           0.65 
ET0 mm/day   3.15                    4.16                             5.53          7.28                           8.32 
Kc                   0.9                                                         1.0                               0.8 
Kr                     0.6                      0.8                             1.0                              1.0 
ETcrop mm/day 1.701              2.995                           5.53          7.28           5.824          6.656 
Ks                 1.15 (87%) 
Eu                 1.11 (90%) 
Lr                          10% 
IRg mm/day        2.39                4.21                7.66                 10.22          8.18               9.35 
IRg l/day/plant    0.956            1.684                 3.064              4.088          3.272              3.74 
IRg l/season/plant 3.824          52.204              91.92               102.2         16.36              33.66 
                             300.168 
                             =300 L 
m3/ season /fed.    3000m3 
* ET0 =reference crop evapotranspiration, Kc =crop coefficient, Kr =reduction factor for the influence of ground cover, Ks =a coefficient 
for the water storage efficiency of the soil,Eu =application uniformity, Lr =leaching requirements ; IRg =gross irrigation requirements. 

 
Fertilization: 
 
 1-  Fertilizers added as a basal dose: Organic compost at the rate of 5 ton /  fed, super-phosphate (15.5% 
P2O5) at the rate of 100 kg / fed potassium sulphate (48-52% K2O) at the rate of 100 kg / fed, ammonium 
sulphate (20.5% N) at the rate of 50 kg / fed. and agricultural sulpher at the rate of 50 kg / fed. were added to the 
soil before transplantation. 
 2- Fertilizers added through irrigation system (Fertigation): (40 units of N as ammonium sulphate, 15 units 
of P2O5 as phosphoric acid and 50 units of K2O as potassium sulphate were applied. 
 3- Fertilizers added as foliar application: Micronutrients were sprayed twice as chelates at the rate of 
100,100 and 200g / fed. of Mn (EDTA) 13%Mn, Zn (EDTA) 14% Zn and Fe (EDTHA) 6% Fe. 
 
Examined Parameters: 

 
1-  Marketable yield, total growing period was 104 days. 
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 2- Water use efficiency by plants calculated as kg of the marketable yield produced by each m3 of irrigation 
water. 

 3- Fertilizer use efficiency by plants calculated as kg of the marketable yield    produced by each unit of 
fertilizers nutrients used. 

 
Results and Discussions 
 
        As the obtained yields of both successive years were not significantly different, their average was taken 
into consideration. 
        Data presented in Table 5.and Figure1 illustrate the effect of the used hydrogel on the productivity of 
squash. Water and fertilizers use efficiency by squash plants are also inserted in the table. For the same 
irrigation amount, the higher the application rate of the hydrogel, the higher is the marketable yield produced. 
On the other hand, reducing the irrigation amount from 100% to 85% of the crop water requirements has caused 
an increase in the marketable yield of squash relative to that of the control equals to 38.6, 54.2 and 78.3% when 
2,3 and 4g of the hydrogel crystals were respectively incorporated. By further decrease in the irrigation amount 
to 70% and 50% of the crop water requirement, the yield tends to decrease but in all cases, the production was 
still much higher than that under the control. 
 
Table 5: Marketable yield, water and fertilizers use efficiency as affected by ydrogel and irrigation treatments requirements,  
             water and fertilizers, squash. 

 
*Numbers followed by the same letter don't differ significantly (P= 0.05) according to Duncan's multiple range. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1:  Effect of applied hydrogels on growth response of squash plant. as a %of control treatment.               
 

Fertilizers use efficiency kg kg-1 
WUE 
Kg m-3 

Yield 
mg fed-1 

Treatments  

Irrigation 
treatments in % 
of the normal 
irrigation   

Gel treatment 
g/ plant pit  

K2O P2O5 N 

75.1 246.1 150.2 2.503 7.508   h 
100 
(3000m3/Fed.) 

0 
98.8 324.0 197.6 3.293 9.880   e 2 

110.2 361.4 220.4 3.673 11.021 c 3 
116.7 382.5 233.3 3.889 11.667  b 4 
104.1 341.2 208.1 4.080 10.405  d 

85 
(2550m3/Fed.) 

2 
115.8 379.6 231.6 4.540 11.576 b 3 
133.9 438.9 267.6 5.249 13.386   o 4 

90.2 293.9 179.3 4.269 8.960      f 
70 
(2100m3/fed.) 

2 
102.7 336.7 205.4 4.891 10.270   d 3 
108.2 354.7 216.4 5.152 10.819  c 4 

76.0 249.1 151.9 5.065 7.597   h 
50 
(1500m3/fed.) 

2 
83.4 273.5 166.9 5.561 8.341   G 3 
89.0 291.9 178.1 5.936 8.904  F 4 
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 The values of the water or the fertilizers use efficiency which reflect the relation between the production 
and the total seasonal water or fertilizer used show the same trend. It is obvious that the highest water use 
efficiency value lies at 4g hydrogel / plant pit when only 50% of the crop water requirements was added. This is 
about 2.37 times that of the untreated sandy soil. With respect to the efficiency of the fertilizers used, it reached 
about 1.78 times that of the control treatment when 4g hydrogel mixed with the plant pit and 85% of the crop 
water requirements were added for irrigation. 
 The presented data are largely due to the improving effect of the applied conditioner on soil structure, the 
water holding capacity of the rooting medium and consequently on the availability of the nutrients (Boatright, et 
al., 1995, Van Cottem, 1999, Abd El-Rehim, et al., 2004 and Orts, et al., 2004). The high release of K from the 
added conditioner (El-Hady, et al., 2003)  may be another reason. The higher moisture retention in the treated 
soil over the needs of the growing plants and its adverse effect on the aeration of the root zone may explain why 
the yield decreased by an increased amount of irrigation water, i.e. yield of 100% was lower than that under 
85% of the normal irrigation (El-Hady, et al., 2001). 
 Using such conditioner on a large scale depends on: a) the quantities of hydrogel crystals required for soil 
conditioning and their price. Under the study conditions, 2-4g /plant pit (i.e., 20-40 kg of the hydrogel crystals 
were used / fed. b) the quantities of irrigation water saved during the growing season which range here between 
15 and 50 % of the irrigation water used for the untreated soil. This means that the planted area could be 
doubled using the same amount of irrigation water and c) The ease of application taking into consideration that 
hydrogels -if compared with other types of soil conditioners-do not need special instrumentation for their 
distribution in the soil nor prehydration or post drying of the soil before its plantation. Moreover, the cross 
linkers which are essential for the in solubilization of water soluble polymers are not needed. The obtained 
results prove the importance of using such conditioner for conserving irrigation water and increasing the 
agricultural potentialities of sandy soils under the severe conditions of our desert, i.e. the limited water 
resources, the inadequate water retention and the low fertility of these soils. When evaluating the use of such 
products as conditioners for sandy soils, one has to take into consideration the improvement of the 
hydrophysical properties and the nutritional status of the soil, the increase in yield and the saving coasts of 
irrigation water and fertilizers on one side and the coasts of the product itself and coasts of the conditioning 
process on the other side. With this respect, incorporating 2g of the hydrogel in the plant pit (i.e..20kg /fed.) and 
reducing the amount of irrigation water by 15% or 3g (i.e. 30kg /fed.) under 70% irrigation may be profitable 
for the growers compared with other examined treatments. 
 
References 
 
Abd El-Rehim, H.A., E.A. Hegazy and H.L. Abd El- Mohdy, 2004. Radiation synthesis of hydrogels to  

enhance soils water retention and increase plant performance. Journal of applied polymer science. 93(3): 
1360-1371. 

Boatright, J.L., J.M. Zajieek and W.A. Mackoy, 1995. soil water, NH4 and NO3 retention in low maintenance 
annual landscape beds amended with a hydrophilic polymer. Hort.Science, 30(4):  
 869. 
Cottenie, A., M. Verloo, L. Kekens, G. Velghe and R. Camberlynck, 1982. Chemical analysis of plants  
 and soils. Lab. Agroch. State Univ. Ghent. 
Dewis, J. and F. Freitas, 1970. physical and chemical methods of soil and water analysis. F.A.O, Soil 
 Bull. No.10, FAO. Rome.,275. 
Doorenbos, J. and W.O. Pruitt, 1977. Guidelines for predicting crop water requirements. FAO  Irrigation and 
Drainage Paper, 24, FAO, Rome, 144. 
El-Hady, O.A.B.M. Abd El-Hady, N.A. Rizk and E.S. El-Saify, 2003. The potentiality for improving plant –

soil-water relations in sandy soil using some synthesized Am Na(or K)ATEA hydrogels. Egypt. J. Soil Sci., 
43(4): 547-566. 

El-Hady, O.A., A.A. Abdel-Kader and Nadia M. Badran, 2001. Forga yield, nutrients uptake and water and 
fertilizers use efficiency by ryegrass (Lolium multiflorum,L.)grown on a sandy calcareous soil treated with 
acrylamide hydrogels or/ and manures.J.Agric. Sci.Mansoura Univ., 26 (6): 3465- 3481,  

El-Hady, O.A. Safia. M. Adam and A.A Abdel- Kader, 2002. Sand-Compost-Hyrogel mix for low cost 
production of tomato seedlings. Egypt. J. Soil Sci., 42(4): 767-782. 

Orts, W.J., A. Roa-Espinosa, R.E. Sojka, G.M. Glem, S.H. Imam, K. Erlacher and J. pedersen, 2004. Use of 
synthetic polymers and biopolymers for stabilization in agricultural construction and military applications. 
USDA; ARS publications, http://www.Arsusda. gov. 
/research/publications/publications.htm?SEONo.115=1661,1/12/2004 

Ouchi, S., A. Nishikawa and E. Kamada, 1990. Soil improving effect of a super – water absorbent polymer 
(part2) evaporation, leaching of salts and growth of vegetables. Japanese Sci.and plant nutrition. 61(6): 606-
613. 



1833 
J. Appl. Sci. Res., 7(12): 1828-1833, 2011 

 

Sojka, R.E., W.J. Orts and J.A. Entry, 2004. Soil physics and Hydrology: Conditioners. In: Hillel, 
D.,Editor.Encyclopedia of soil science. Oxford, U.K. Elsevier, Ltd: 301-306. 

Van Cottem, W. 1999. Addressing desertification: combination of traditional methods and new technologies for 
sustainable development. Int. Conf.''integrated drought management for sub Saharan Africa"20-22sept. 
1999 CSIR Conf. Center Pretoria, South Africa. 

Vermeiren, I. and G.A. Jobling, 1980. Localized irrigation, design, installation, operation, evaluation. FAO 
Irrigation and Drainge paper, 36, FAO, Rome, 203. 


