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The Potentiality for Improving Plant-Soil-Water
Relations in Sandy Soils Using Some Synthesized
Am Na (Or K) ATEA Hydrogels

O.A. El.Hady, B.M. Abd El-Hady, N.A. Rizk and E.S. EI-Saify
National Research Center (NRC) , Cairo, Egypt-

f N OUR COURSE in preparing and developing effective soil
Iconditioners, tbur synthesized AmNa (or K) ATEA hydrogels
(polyacrylamidc Na or K acrylate copolymer cross-linked with
tri-ethanol amine) were cvaluatcd for irnproving plant soil warer
relat ions in virgin sandy soi ls compared with two othcr narural
conditioners, namcly tarmyard manure and Quasr El Sagha bentonitic
caly (Fayoum).

The hydrogels Gl and G2 were Am Na A whilc thc hyclrogcls O3
and C4 were Am K A. Preparation in each group was eirher in air or
in nitrogen, in sequence. Examined application rates wcrc 0.1 and 0.2
9o (wlw) lbr hydrogels; ? and 4Va (w/w) ltrr farmyard manure and 5
and l07c (w/w) for bcntonit ic caly.

Synthesized hydrogels were more eft-ective in moclitying the porc
size di.$tritution towards rhe increasc in water holding pores (28.8
-0.19 [) on the expensc of drainable ones ( > 28,8 tr). Water relation
implies that the available water for plants increases up t() more than
two times that of the original sandy soil, while allowing at the same
fime the soil to remain aeratedl. Soil properties related to watcr
movement i.e. infiltration rate, hydraulic conductivity and adjusted
evaporation wcrc also improved. Although the application ratcs rlf
natural conditioners are 20 times for the tbrmyard manure and 50
timcs for the hentonitic clay that of the application rate of cxamined
polymer, thc eff'ect of hydrogels on improvrng planr-soil-water
relations in sandy soil is very near to that of bentonitic clay and muclr
bctter than that of l'arrnyard manure. This indicates the imporrance ol'
applying a such relat ively new technique fbr.sandy soi ls condit ioning.
With this respect, the hydrogels G3 and G4 are prefened fbr their high
rclease of' the beneficial cation for plant growth, i.e K. Costs ol'
synthesis are another of prefercncc.

Keywords: Super absorbcnt materials, Acrylamide hydrogels, Sandy
soils, Pore size distribution, Water rctcntivity, Water
movement.
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548 O.A. EL-HADY ataL

sandy soils have two major problems: low fertility and inadequate water
rotention. wind erosion, water erosion, drought and loss of irrigation water and
plant nutrients are expected. However they could be as productive as any fertile
soil if the right soil water management practices are tollowcd (Massoud, lgTi
and Balba, 1989). other than adding clays or organic manures and composts to
sands, the only obvious way to keep water more available in such soils is
frequent water f,pplication and / or the use of synthesized soil conditioners
(EI-Hady and Azzam, 1983). Although clays (100 to tSo m3/ fed., Abd aila er
al., 1970) could be mixed with sand to improve its water reternivity, such
Eeatment is expensive. It is usually justified only when land is very limited The
application of organic materials to sandy soils (10 ro 20 ton/fed., Ahdou er a/.,
1969) has quite a similar effect to that of clay with some exceprions rhat organic
matter is usually decomposed too fast that it is difficult to maintain more than I
or 2 percent without heavy and seasonal manuring (Donahue er a/,, lg77).
Frequent irrigation is the usual solution tor keeping enough water available in
sandy soils. The high porosity of sands will allow excessive percolation losses
especially if overland flow methods of watering are used (Baudelaire, t 973).

The use of synthesized condtioners to avail suitable environlnents l'or-
plnnting sandy soils under the severe conditions of our deserts f.e the limited
water resources; the inadequate water retention and low fertility 0f the soils-has
become an accepted practice. Among these conditioners are hydrogels.
Hydrogels (Super absorbent moterials) are hydrophilic polymeric producrs that
associate quickly with irrigation water to form gels. When mixed with sandy
soil, they increase its capacity to retain water. Water retained in this way is
available to plants for some considerable time, as required. Due to the bending
ell'ects of hydrogels molecules with sand particles and their swellablity, an
improved structure of the sandy soil is obtained, besides, beneficial changes in
soil porosity, particeularly the amount of warer retaining pores. Both chemical
and biological properties of the conditioned soils are also improved. Moreover,
germination, plant growth. nutrients uptake, yield and both water and fertilizers
use efficiency by plants were beneficially increased by mixing the plant pits in
sandy soil with hydrogels (El-Hady, et al., 1987 a and b and 1993; Tayel and
El-Hady 1981, El-Hady, et al., 1981, 1983, 1990, 199t, El-Hady and Aezam
1983 and Azzam and El-Hadyl983).

Most of the previous studies on hydrogels were done on imported products. A
conclusion was drown that synthesis of hydrogels in Egypt by Egyptain raw
Egypt. J. Soil Sci.43, No. 4 (2003)
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THE POTENTIALITY FOR IMPROVING PLANT-SOIL-WATER 549

materials may reduce their prices and in turn will raise the cost benelit ol' the

conditioning process (Rasheed et al.,1997).

Some hydrogels based on copolymer of accylamide sodium or potassium

acrylate crosslinked with ethanol amine$ were synthesized at the Polymers and

Pigments Dept", NRC, Egypt, (Rizk et al,,20ol). Evaluation of these polymers

as conditioners to improve plant-soil-water relations in sandy soils, compared

with other traditional conditioners i.e. bentonitic clays and farmyard manures, is
the aim of the present work.

Material and Experimental Tecniques

Material
I -Soil

A virgin sandy soil (more than 90Vo of its particles are > 20 p) located at

El-Shabab area, west Sinai, Isrnail ia governorate was used. The main analytical

data of the soil arc presented in Table L

TABLE l. Analytical properties of the soil under investigation.
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2. SoiI conditioners and application rate:;
The following synthiesized and natural conditioners were examined:

2.1. Hydrogels.' Four hydrogels (Gl, G2, G3 and G4) based on polyacrylamide
(Na or K) acrylate copolymer crosslinked with ethanol amines were synthcsized

l) Mechanical analysis
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(Rizk etal., 2001). Description of their main constituents, synthesis conditions
and properties are presented in Table 2.

TABLE 2. Description of the main constituents and properties of examined hydrogelr
a- Main constituents and polymerization conditions.
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2.2. Farmyard manure (OM): The used manure is an organic and animal
residues including some soil mineral materials (minelal matter). Aalysis of O.M.
used in the present work are given in Table 3.

TABLE 3. Analysis of farmyard manure used as soil conditioner in the current
investigation.
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THE POTENTIALITY FOR IMPROVING PLA NT-SOIL-WATER 5 5 1

2.3. Bentonitic clay: Bentonitic clay of Quasr El-Saagha at El-Fayoum

Depression (pardcles >21t and > I pt in diameter are ll.l and 76.707o,

respectively) was chosen for the present study. Its particle size distribution,

chemical and mineralogical composition, main hydrophysical mechanical and

chemical properties were prescnted elsewhere (El-Hady and El- Sheril 1988).

Experimental

P lant- s oi l-w ate r re latio n s

Soil conditioners were homogeneously mixcd with the air dried sandy soil at

different rates, i.e. 0.0,0.1 and0.2% for hydrogles,0.0,2 and4Va for fannyard

manure and 0.0, 5 and I0% Ior Quasr El-Sagha bentonitic clay. Either the

untreated or treated soils were uniformity packed in PVC columns (Zkg soil in

capacity) in a way that a consrant bulk density of 1.64 g cm-3 was obtained. For
soils treated, with hydrogels, a sufllcient amount of watcr was added to completc

the geladon reaction and to reach equilibrium. All soils were wetted to saturation

and left to evaporate for one week, then they were rc.saturatcd weckly lbr another

seven wetting/drying cycles. Alier two months from thc beginring of thc
experiment undisturbed samples from each treatment were taken for evaluation.

Bulk density, soil water, equilibrium values over thc range from 0 to l-5 atm,

infiltration rate, hydraulic conductvity and adjusted evaporation for dil'fcrcnt

wetting and drying cyclcs were determined. Total porosity, void ratio, pore size

distribution and mean diameter of soil pores, soil water characteristics and

available water in thc soil were calculated (Dewis and Freitas. l970: Hil lel. 197 t

and Loveday, 1914).

Released ions front synthesized hydrogels
A certain quantity of hydrogel (0. lg) with grain size (0.?5-1.0 mm) was

interspersed with l00ml deionized water for lShr at room tempelature. Alier this
period, the contents were poured out into a sieve with a mesh size ol'0,25 mnr so
that the layer of the polymer gel on the sieve should has a thickness of no more
than I mm. For a fuflher period of 25 min, to allow fbr dripping, the filtrate was
collccted (The filtration method described by Pieh and EI-Hady, 1990). The

hydrogel sample was left on the sieve to evaporatc for 7 days, then another -50 ml
of deionizcd water were slowly added by a drip system. The filrate was also

collected. Such watering was repeated 6 times at a frequency af 7 days intcrval.

Collected filtrates were analyzd for their pH and soluble Na+ and K+ (Dewis and

Freites, 1970).

Egypt. J Soi/ Sci. 43, No. 4 (2003)
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THE POTENTIALITY FOR IMPROVING PLANT-SOIL-WATER 557

At field capacity (FC) i.e. at pF = 2,0, values of retained wa(er show also an

increase of 17.4 and 36Vo or 62.0 and 79To relative to that of the control by

applying the same rates of O.M or Quasr El-Sagha bcntonitic clay mentioned

above, respectively. Conditioning the soil with hydrogels also raiscd the amount

of water retained into the soil at its field capacity over that of the untreated soil

by 64.3 + 6.5Vo and 87.3 ! 4.60/o when incoqporated into the soil at the ratcs of

0. 1 and 0.27o, respectively. Moreover, the decrease in air filled porosity in the

soil at its field capacity-as a result of increasing water retentivity of the soil - is

not likely to become limiting to plant $owth, since the air fillcd porosity is >

l07o (Hil lel, l97l).

Because the increase in water retained at f,reld capacity i.e, at pF = 2.0 is f,ar

beyoned that at wilting percentage (WP) t.e. at pF =4.2, the available water

(FC-WP) increased. Incorporating 2 and 4Vo O.M., in the soil raised its available

water to be 1.22 and 1.47 times that of the untreated soil, re$pectively. Applying

Quasr El-SaBha bentonitic clay to sandy soil also increased its available water to

be 1.78 and 2.0 timcs that of the control frrr 5 and l07o t<t trt:atrnenls,

respectively, Regarding hydrogels, available water were 1.92 t 0.09 and 2.23 t

0.06 times that of untreated sandy soil when 0, I and 0.2Va of the hydrogels wcrc

respectively incorporated into the soil.

Obtained results could be explained on the basis of increasing the smaller

pores having the diameters of 28.8-0.19p on the expense of the large ones, r.r '.

drainable pores having the diameters of > 28.8 p wittr soil conditioning. It is wcll

known that increasing available water f<rr plants elongates irrigation frequencies

and in trun decrease the quantities of irrigation water needed and costs of

irrigation process.

c. Effict on water transmitting properties of the soil

Sandy soil conditioning improves the dynamic soil water characteristics i.e.

decreasing the downward movement of water through infiltration and the upward

movement of it via evaporation. Values of water ransmitting properties of sandy

soil namely average infi ltration rate ( I av.) in cm mjn-l and saturated hydraulic

conductivity (K) in m. day-l reachecl 67.4 t3.7 %: and 61.2 t 3|?Va and for I

av.,63,7 + l.4Vo and 54.3 t l.1Vo for K- of that of untrcatcd soilby applying0.I

and 0.2 7o hydrogels, respectively. Relevant values for other conditioners arc

79.6 and 73.SVo for I. av. and 83.0 and 76.0 for K- with 2 and 4Vo O.M. and 49.0

Egypt, L Soi/Sci. 43, No. 4 (z}ai)
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) ) 6 O.A. EL-HADY er rrl

and45.0Vo for I av. and 58.3 and 48.7 fbr K- with 5 and l0olo hcntonitic clay in
sequence. Moreover, reduction in adjusted evaporation (E .adj,1 ranged berween
29.5 and 31,47o, and 35.9 and 38.57o rhar of unrleared soil fbr 0.1 and 0.ZVa
hydrogel, respectively. Relcvent values lbr O.M and bentonitic calys were 8.5
and 19.67o lor the lower application rates of the conditioners i.e 2go O.M and 5%,
clays and 13,8 and 23.57o for the higher ones i.e 4Vo O.NI and l0ola clays,
respectively, (Table 4). As expected, the improvement in the dynamic soil water
characteristics mentioned above, will lead to a considerable decrease in (he loss
of plant rutrients from sandy soil by leaching or deep precolation (El-Hady er a/.,
l99 l  and 2001).

II. Released ions from synthesized hydrogels
When anionic hydrogels are equilibrated with water, a considerable part ol'

the associated cations (Na+ or K+) were desorbed from the polymer molecules to

the water (EI-Hady and Abd El-Hady, l99l and 1997). After I teacharss wirh

deionized water about 100 nrg Na* /g hydroge I were relcased from each of thc
anionic hydrogels sodium salt (Gl or G2). As known, pH of the fi lrrares

coincides with its sodium content. This is why the highest pH was recorded in
the fi l trates ofthe anionic hydrogels sodium salts. Such increasc in the pH ofthe

filtrate may adversely affect soil properties and availahitity of great number of
nutrients needed for the plant. On the other hand thc anionic hydrogels porassiun

salt (G3 or G4) rcleased K' by varying degrees being higher wir.h G3 ( t96 mg/g
gel), (Table 5),

TABLE 5. pH values and released sodium and porAssium from different hydrogels
after equilibrium with deionized water.
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TIJE POTENTIALITY FOR IMPROVING PLANT-SOL-WATER 559

Although the anionic polymers Na salt have relatively high swell-ablliry,

substitution of Na+ by K*, r'.e. producing K salt hydrogels will be of great value.

In this case, plants grown in the treated sandy soils-especially in their early

stages of growth-can get benefit from such available nontoxic cations (El-Hady

and Abd El-Hady, l99l), With this respect the hydrogels G3 and C4 are
preferred. Costs of synthesis are another ofpreference,

Although the application rates of natural conditioners are 20 times for rhe

farmyard manure and 50 times tor the bentonitic clay that of the application rates

of examined polymers, the effect of hydrogels on improving plant-soil-water

relations in sandy soil is very near to that of bentonitic clay and much better than

that of farmyard manure. This indicates the imponance of applying such
relatively new technique for sandy soils conditioning, It is worth mentioning that

applying both types of soil conditioners (natural and synthesized) together r.e.

incorporating mixtures of organic materials and the proper hydrogels-if possible-

in the soil may be more effective and economic than using each of them solely
(AM El-hameed et a1.,1995; El-sherheiny et al., 1995; EI-Hady et al., 1995 a

and b, 2000 a, b and c and 2001 a and b; El-Hady & Hefiny, 2ff)l and Aralat &

El-Hady,2000).
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