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Abstract Completely randomized drip irrigated field experiments, with three replications for each

treatment, were conducted at El-Saff-Giza Governorate, Egypt to evaluate the beneficial effects of

applying the rice straw (RS)-based hydrogels as soil conditioners for sandy calcareous soil. In this

respect three successive growing seasons (summer season 2010 using tomatoes vs. custle rock, winter

season 2010–2011 using wheat vs. Seds 1 intercropped with onion vs. Giza 20, and summer season

2011 using caw pea vs. Bafb as indicator crops) were carried out. Two rice straw-based hydrogels

(with two rates; 2 and 4 g kg�1 soil) were examined. After the third growing season some biochem-

ical properties of the soil were determined.

The results obtained show that, application of the investigated hydrogels positively affects bio-

chemical properties of the soil. These effects are assembled in the following: (a) slightly decreasing

soil pH, (b) increasing cation exchange capacity (CEC) of the soil indicating improvement in acti-

vating chemical reactions in the soil, (c) increasing organic matter (OM), organic carbon, total

nitrogen percent in the soil. Because the increase in organic nitrogen surpassed that in organic car-

bon, a narrower CN ratio of treated soils was obtained. This indicated the mineralization of nitro-

gen compounds and hence the possibility to save and provide available forms of N to growing

plants, (d) increasing available N, P and K in treated soil, and (e) improving biological activity

of the soil expressed as total count of bacteria and counts of Azotobacter sp., phosphate dissolving
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bacteria (PDB), fungi and actinomycetes/g soil as well as the activity of both dehydrogenase and

phosphatase.

ª 2014 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
1. Introduction

Cultivation of sandy calcareous soils is faced by several difficul-

ties namely: low water retention and high infiltration rate, poor
structure development, low humus and clay content and loss of
nutrients via leaching or deep percolation. High CaCO3 content
in the soil causes more difficulties, i.e., surface crusting and

cracking, high pH and loss of fertilizers’ N, low availability
of nutrients particularly P and micro-nutrients (Zn, Fe, Mn
and Cu) and nutritional imbalance between some elements (K

and Mg) and calcium. Under such severe conditions, desired
yield levels are difficult to attain. However they could be as pro-
ductive as any fertile soil if the right soil water management

practices are followed (El-Hady and Abo-Sedera, 2006).
Attention has been paid in the last few decades to use gel

forming material as conditioners for sandy and sandy calcare-
ous soils (El-Hady et al., 1981, 1990, 2002; Azzam and El-

hady, 1983; Al Darby et al., 1990; Al-Omran and Al-Harbi,
1998; El-Hady and El-Dewiny, 2006; EL-Hady et al., 2010,
2012a,b). In this respect, rice straw (RS)- and other agro-based

hydrogels with relatively high absorption capacities for both
distilled and Nile water, as well as metal ions were produced
by grafting process of rice straw, as undesirable agro waste,

by using different initiating systems (El-Saied et al., 2004,
2007, 2011a,b, 2012; Basta et al., 2013). The present work aims
to clarify the beneficial effects, of these hydrogels on some bio-

chemical properties of the soil.
2. Materials and methods

Completely randomized drip irrigated field experiments, with
three replications for each treatment, were conducted at El-
Saff-Giza Governorate, Egypt (Steel and Torrie, 1982), during
three successive growing seasons. These were summer season

2010 using tomatoes vs. custle rock, winter season 2010–2011
using wheat vs. Seds 1 intercropped with onion vs. Giza 20,
and summer season 2011 using caw pea vs. Bafb. Two rice

straw (RS)-based hydrogels (G1 and G2), with two rates for
each (2 and 4 g kg�1 soil) were evaluated as conditioners for
sandy calcareous soils, as follows:

2.1. Soil

The soil is a virgin sandy calcareous soil (90.3% sand, 9.7%

silt + clay, �12.0% CaCO3, and 0.06% O.M.), with pH 7.4
and EC 2.2 dSm�1. The main analytical data of the soil are
presented in Table 1 (Page et al., 1982; Cottenie et al., 1982;
Klute, 1986; Atlas, 2005; Kalembasa and Symanowincz, 2012).

2.2. Irrigation

Two sources of water were alternatively used for irrigation (El-

Saff canal water and water of a well dug inside the study area).
Analysis of irrigation water used is presented in Table 2.
Water was classified as none and slight to moderate restriction
on use for the Nile and Well water, respectively (FAO, 1994).

Amounts of applied irrigation water were 80% of water
requirements for each crop, as calculated using Penman
Monteith method (Allen et al., 1998).

2.3. Absorbent materials (hydrogels)

Two prepared RS-based hydrogels, were examined. Description

of the preparation conditions, is given below:

� Gel #1, was prepared under grafting conditions: 0.12 H2O2/
RS ratio, 0.1% ferrous ammonium sulfate, and 2 acryloni-

trile/RS ratio, for 3 h, at 50 �C followed by KOH hydroly-
sis, using AcOH for neutralize the pH-value to �6–7.
� Gel #2, was prepared by grafting the partially cyanoethylat-

ed RS, under the same conditions of hydrogel # 1, using
AcOH for neutralize the pH-value to �6–7.

These examined hydrogels were coded as G1 and G2, and
their water absorption capacities, i.e., sat /dry · 100 (w/w)
were 7610, and 7061 in distilled water; while 6107, and 3789

in Nile water, respectively (El-Saied et al., 2011a,b; Basta
et al., 2013).
2.4. Experimental treatments

Five conditioning treatments were evaluated, i.e., non-
conditioned soil (treatment #1), soils conditioned with the
hydrogel G1 at the rates of 2 and 4 g kg�1 dry soil (treatments

#2 and #3) and soils conditioned with the hydrogel G2 at the
same rates of G1 (treatments # 4 and # 5, respectively).
2.5. Evaluation parameters

At the end of the 3rd growing season (December, 2011), some
bio-chemical properties of the soil (for each treatment), were

determined. For the chemical properties and nutritional status
of the soil, soil pH determined in 1:2.5 soil water suspensions,
organic matter content (OM), cation exchange capacity
(CEC), total organic carbon (OC) as well as available nitrogen,

phosphorous and potassium were carried out according to
Page et al. (1982) and Cottenie et al. (1982).

While for the biological properties of the soil, total bacterial

count determined using Nutrient Agar medium, Azotobacter
count determined using Azotobacter Agar modified of
medium, phosphate dissolving bacteria count (PDB)

determined using Bacillus Agar 1/4 strength medium, Actino-
mycetes count determined using Soil Extract Glucose Yeast
Extract Agar medium and total fungal count determined using
Aureomycin� Rose Bengal Glucose Peptone Agar medium

were carried out according to Atlas, 2005. Dehydrogenases

http://creativecommons.org/licenses/by-nc-nd/3.0/


Table 1 Analytical properties of El-Saff sandy calcareous soil.

Sand% Silt 20–2 u% Clay < 2 u% Texture

Course > 200 u Fine > 200–20 u

1 – Mechanical analysis:

67.5 22.8 5.0 4.7 Sand

pH 1:2.5 EC 1:5 dSm�1 CaCO3 % CEC C mol kg�1 O.M % Macronutrients (lg g�1)

Total Available

N P K N P K

2 – Chemical analysis:

7.4 2.2 11.95 4.48 0.06 65 738 1015 32 6 55

Bulk density

(Mg m�3)

Total

porosity (%)

Watera holding

capacity, (%)

Fielda

capacity (%)

Wiltinga

percentage

Hydraulic

conductivity

(m day�1)

Mean diameter

of soil pores

(u)

3 – Hydro-physical analysis:

1.63 38.5 22.8 7.11 1.22 7.3 16.7

Total bacterial

count · 103
Azotobacter

count · 102
Phosphate dissolving

bacteria count · 102
Total

fungi · 102
Actinomycetes

· 102
Activity of

dehydrogenisesb
Activity of

dehydrogenisesc

Biological analysis

76.7 34.6 11.2 5.8 13.2 2.0 1.6

a On weight basis.
b ml H2/g dry soil/24 h.
c mg/P2O3/100 g soil after 24 h incubation.

Table 2 Analyses of irrigation water used.

Source pH EC dsm�1 Soluble cations (meq/l) Soluble anions (meq/l)

Na+ K+ Ca++ Mg++ CO3
�� HCO3

�� Cl� SO4
��

Canal 7.53 0.47 1.36 0.07 3.36 2.04 0.3 – 0.36 2.17

Well 7.05 1.35 8.3 0.2 9.0 6.5 0.02 3.6 5.4 14.6

Fe = traces < 3 lg g�1.
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and phosphatase activities were determined according to
Kalembasa and Symanowincz (2012).

3. Results

3.1. Effect of RS-based hydrogel on some chemical properties of

treated soil

Comparing the initial soil chemical analysis before starting the
experiment (Table 1) to the analysis at the end of the 3rd grow-
ing season (Table 3) and with only one exception, i.e., soil pH

it is clear that, studied soil chemical properties were improved
due to plantation during this period. As can be seen, soil plan-
tation raises its CEC by �6%, OM and OC by �300%, total N
by 41%, available N, P and K by 30.6, �600 and �350%,

respectively. Therefore, C/N ratio was decreased from 10.6
before plantation to be 9.7:1 at the end of the 3rd growing
season.

More improvement in the studied soil properties by varying
degrees was noticed due to soil conditioning (Table 3).

Regarding soil pH, all examined conditioning treatments

provided a slight decrease in the pH values of the soil. The
decrease in soil pH was calculated to be 0.1 and 0.13 units
by applying 2 and 4 g of G1 kg�1 soil; while using 2 and 4 g
of G2 kg�1 soil pH lowered by 0.09 and 0.11 units, respec-
tively. Moreover, data refer that, treating the soil with hydro-

gels raises its CEC, and consequently overcomes the
limitations of soil fertility, as a result of low cation exchange
capacity (CEC) of the soil, since many soil properties such as

adsorption of water, nutrients and the attraction forces
between particles are all surface phenomenon. Values of
CEC were increased with increasing the application rate of

hydrogels. Where, using 2 g and 4 g of G1 kg�1 soil as soil con-
ditioner raised its CEC by 16.1% and 22.4%, respectively,
compared to the non-conditioned soil; while, CEC values of
conditioned soil with the hydrogel G2 were 1.14 and 1.20 times

that of the untreated soil, using 2 and 4 g G2 kg�1 soil,
respectively.

With respect to soil organic matter treating the soil with the

hydrogel leads to an increase in its carbon content, where, G1
at the rates of 2 g and 4 g kg�1 soil increased organic carbon
content of the soil to be 2.0 and 2.55 times that of untreated

soil, respectively. While, the organic carbon content of treated
soil with 2 g or 4 g kg�1 soil of the hydrogel G2 was 1.8 or 2.25
times that of the non-conditioned soil, in sequence.

Similarly, total nitrogen and organic nitrogen content

took the same trend of organic carbon (OC) content.
Comparing these contents of the hydrogels treated soil with



Table 3 Effect of RS-based hydrogels on some chemical properties of sandy calcareous soil after three successive growing seasons.

Treatments pH 1:2.5 H2O Organic C

(lg g�1)
CEC C

mol kg�l
Specific surface

area (m2g�1)

Available macronutrient

(mg kg�1 soil)

Total N

(lg g�1)

C/N ratio

No. Hydrogels N P K

NH4
+ NO3

�

1 – – 7.40 1160 7.15 13.99 14.2 27.6 41.6 250.1 162.0 9.7

2 G1 2 g kg�1 7.30 2320 8.30 16.80 16.6 33.4 52.4 356.3 582.3 4.4

3 G1 4 g kg�1 7.27 2958 8.75 17.70 17.9 39.3 63.8 415.2 640.9 5.0

4 G2 2 g kg�1 7.31 2088 8.15 16.75 16.0 32.6 52.0 333.3 498.1 5.0

5 G2 4 g kg�1 7.29 2610 8.60 17.60 17.5 38.1 60.0 396.4 597.6 4.8

Table 4 Effect of RS based hydrogels on some biological properties of a sandy calcareous soil after three successive growing seasons.

Treatments Total bacterial

count · 106
Azotobacter

· 104
Phosphate

dissolving

bacteria · 104

Total

fungi · 104
Actinomycetes

· 104
Activity of

dehydrogenisesa
Activity of

phosphataseb
No. Hydrogels

1 – – 92.7 20.1 15.3 17.1 20.1 21.4 18.9

2 G1 2 g kg�1 soil 160.0 35.4 45.2 29.7 25.7 37.4 35.9

3 G1 4 g kg�1 soil 205.0 39.2 48.6 32.2 36.9 42.1 40.7

4 G2 2 g kg�1 soil 124.5 28.4 30.4 22.7 24.5 30.5 28.7

5 G2 2 g kg�1 soil 152.0 32.1 40.1 26.9 29.2 35.5 34.8

a ml H2/g dry soil/24 h.
b mg P2O5/100 g soil after 24 h incubation.
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the non-conditioned soil, it was clear that, the total N were
highly increased to be 3.6 and 4.0 times with 2 g and 4 g G1

kg�1 soil. Relevant values for organic N were 4.4 and 4.9
times. Increments in total N due to applying 2 and 4 g G2
kg�1 soil were 207.5% and 268.9%, respectively. Moreover,

the increments in organic nitrogen over those of the non-con-
ditioned soil arranged in the same manner were 274.0% and
350.9%, respectively. Because the increase in organic carbon

is far beyond that of total nitrogen, therefore carbon nitrogen
ratios are much narrower. C:N ratio of the non-conditioned
soil was 9.7:1. It decreased to be 4.4:1 and 5.0:1 by treating
the soil with 2 and 4 g of the gel G1, in sequence. Relevant val-

ues for G2 were 5.0:1 and 4.8:1. Such decrease in C:N ratio
could be referred to the mineralization of organic nitrogen
compounds in the soil and the possibility to save and provide

available forms of N to growing plants.
It is well known that the availability of nutrients in sandy

calcareous soils is low, where the available N, P and K in

the non-conditioned soil were 41.8, 41.6 and 250.1 mg kg�1

soil, respectively. A considerable increase in the availability
of these nutrients was noticed due to soil conditioning. Using
2 g or 4 g of the hydrogel G1 kg�1 soil, as a conditioner, raised

its nutrient availability by 19.6% or 36.8% for N, 26.0% or
53.4% for P and 42.5% or 66.0% for K. Relevant values for
the hydrogel G2 (when applied at the two rates of G1) were

16.3% or 33.0%, 25.0% or 44.2% and 33.3% or 58.5% for
N, P and K, in sequence.

3.2. Effect of RS-based hydrogel on some biological properties
of treated soil

Microorganisms such as bacteria, fungi and actinomycetes

influence profoundly the physical, chemical and the biological
properties of soils. Activities of such organisms include the
decomposition of plant residues and other organic materials,
as well as the formation of humus, which is regarded as the

most chemically and physically active group of compounds
in the soil. One result of these processes of decay is the release
of organic forms of essential plant nutrients, such as nitrogen,

phosphorus and sulfur. Subsequently still other micro-organ-
isms can oxidize, reduce and otherwise change the state of
the nutrient elements in the soil. These changes have a pro-

found influence on plant growth and otherwise affect soil
properties in addition to the role of organic fertilizers as
amendment for improving physical and chemical characteris-
tics of the soil, which in turn reflected on rhizosphere micro

flora, plant growth and yield (Brady, 1990; EL-Hady and
Abo-Sedera, 2006; EL-Hady et al., 2010). Increasing the low
number of micro-organisms mentioned above, i.e. bacteria,

fungi and actinomycetes, in sandy soil indicates an improve-
ment in its biological fertility.

Since most of the biological reactions in the soil are enzy-

matic changes, therefore enzyme activity could be considered
as another parameter to characterize the biological activity
of the soil. In this respect, both dehydrogenase and phosphates
activities were essayed.

Comparing the initial soil biological properties before start-
ing the experiment (Table 1) to the analysis at the end of the
3rd growing season (Table 4), it is obvious that such soils could

be considered inert since their biological activity is very low.
As can be seen soil plantation for three successive growing

seasons raised all studied biological properties to be 1209, 58,

137, 295 and 152 folds than those of the initial soil and before
plantation for total bacterial counts, counts of Azotobacter sp.,
phosphate dissolving bacteria, total fungi and actinomycetes,

respectively. Moreover, the activity of both dehydrogenase
and phosphatase was increased to be 10.7 and 11.8 folds that
of the initial soil before plantation in sequence. More improve-
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ment in the studied soil properties was noticed due to soil con-
ditioning (Table 4).

After three successive growing seasons it was clear that,

applying 2 g of G1 to each 1 kg soil of the plant pit led to
an increase in the number of total bacteria, Azotobacter sp.,
phosphate dissolving bacteria (PDB), fungi and actinomycetes

by 72.6%, 76.1%, 145.4%, 73.7% and 27.9%, respectively.
Such increases were 121.1%, 95.0%, 217.6%, 88.3% and
83.6%, respectively when the rate of applied hydrogel was

doubled to be 4 g kg�1 soil. Applying 2 g kg�1 soil of examined
hydrogel G2 conditioner, it increased the aforementioned
numbers by about 34.3% for bacteria, 41.3% for Azotobacter
sp., 98.7% for PDB, 32.7% for fungi and 21.9% for actinomy-

cetes. Values for 4 g kg�1 soil arranged in the same manner
were 64.0, 59.7, 162.1, 57.3 and 45.3%, respectively.

Regarding the effect of applied hydrogels on enzyme activ-

ity in conditioned soils, data (Table 4) indicate the increase in
the activity of dehydrogenase and phosphatase by soil condi-
tioning. Applying 2 g kg�1 soil of the hydrogel G1 to the plant

pit raised the biological activity of soil enzymes by 74.8% for
dehydrogenase and 89.9% for phosphatase. More increase in
enzyme activity was obtained, when higher rate of G1(4 g kg�1

soil) was incorporated in the soil to be 96.7% and 115.3%, rel-
ative to that of untreated soil for both enzymes, respectively.
Conditioning the soil with G2 also increased enzyme activity
in the soil but with lower degree. Increments in enzymes activ-

ity due to applying 2 g and 4 g kg�1 soil were 42.5% and
65.9% for dehydrogenase and 51.9% and 84.1% for phospha-
tase, in sequence.
4. Discussion

Producing highly water absorbent hydrogels using rice straw

(RS) as undesirable bio-waste, which adds high economic
value, contributes in reducing the environmental impact of
waste disposal and most importantly provides a potentially

inexpensive alternative bio-polymer to the existing commercial
hydrogels from petro-chemical origins. The prepared RS
hydrogels do not possess linear chain structures but the chains

are rather cross linked to form a three dimensional network.
Depending on the synthesis conditions and type and density
of covalent bonds that form cross linking, these hydrogels
are capable of absorbing hundreds of times, their weight in

water and can expand greatly when hydrated and are claimed
to remain active for a much longer time (El-Saied et al.,
2011a).

The beneficial change in studied bio-chemical properties,
nutritional status of the soil and consequently plant growth
and yields due to the addition of RS-based hydrogels besides

the contribution effect of these hydrogels on improving the
hydro-physical properties of the soil could be attributed to
the following: (1) the prepared hydrogels are viewed as analo-
gous to soil organic matter and the study of soil particle–poly-

mer binding mechanisms provides an insight into mechanisms
by which soil organic matter binds soil particles together lead-
ing to the formation of stable aggregates (El-Hady and Abo-

Sedera, 2006). The increase in OC content in the conditioned
soil besides ON, leads to several beneficial effects on the other
soil properties. The de-compensation of organic matter by

micro-organisms, i.e., fungi, actinomycetes, bacteria and yeasts
under suitable conditions of humidity, aeration and tempera-
ture produces a large number of polymeric molecules such as
polysaccharides, organic acids, humus, amino-acids, lignin
and other more complicated compounds (Charreau, 1975;

Fallet et al., 1981; Elkins et al., 1984; Insam, 1989). This is
of peculiar importance for the sandy and coarse textured soils
in which population of microorganisms are relatively low. The

rate of decomposition of organic materials in the soil depends
primarily on its physic-bio chemical properties (the substrate
factors), and on the chemical and physical properties of the

soil, which determine the nature of the environment for micro-
bial growth and metabolism (the soil factors). Substrate fac-
tors would include: chemical composition, C/N ratio, lignin
content, particle size or state of subdivision, nature of the

indigenous micro – flora and biochemical oxygen demand
(BOD), i.e., oxygen consumed by microorganisms in the pro-
cess of decomposing organic materials under standard condi-

tions and during a specific period of incubation. Soil factors
would include: temperature, oxygen supply, soil moisture con-
tent, soil available nutrients and soil texture and structure

(Parr, 1975).
(2) Increasing the low surface area as well as the low

exchange capacity of the soil and in turns its effects on activat-

ing other chemical reactions of inert sand. It is essentially due
to the high cation exchange capacity of hydrogels that reached
in our study to 1000 ± 50 (mol kg�1), if compared to that of
common soil colloids responsible for most soil CEC such as

clays (<100 mol kg�1) or humus (100–300 (mol kg�1) (El-
Saied et al., 2011b).

(3) Hydrogels have the ability to absorb a lot of water in

soil, the existing nutrients in the soil which dissolve in soil solu-
tion can be absorbed into it or on its surface. At the same time
absorbed nutrients can be released or desorbed slowly through

the exchange of free water or minerals between soil solution
and RS-based hydrogels. Therefore they improve nutrient
retention abilities and minimize the loss of such nutrients by

leaching or deep percolation. Hence they remain in soil within
the reach of the plant root system i.e. in available forms for a
long period (El-Hady et al., 1991; Ouchi et al., 1991; Martin
et al., 1993; Boatright et al., 1995; El-Saied et al., 2011b).

(4) Quantities of retained cations and anions differ accord-
ing to the approach of grafting of RS, as step to prepare
hydrogels with relatively high COO� groups together with

amide groups (El-Saied el al., 2010). Accordingly, modes of
action could be summarized as follows: (a) adsorption of cat-
ions or/and anions of the soil or fertilizer solutions on the

appositely internal or external changes of gel molecules, (b)
cations and or anions exchange between the associated cations
(K+) or the associated anions with gel (COO�) and ions in the
soil, soil solution and fertilizer solution. Previous studies (El-

Saied et al., 2011b) indicated considerable part of such associ-
ated anions and cations with gel molecules were easily des-
orbed, (c) hydrogels also affect nutrient uptake indirectly by

increasing moisture in the soil and subsequently ion mobility.
Therefore, the availability of some nutrients either present in
soil or added in the form of relatively insoluble fertilizers such

as phosphates will be increased (El-Hady et al., 2003) with the
partial retardation of gas exchange between soil and atmo-
sphere as a result of increasing soil moisture and decreasing

soil macro-porosity may favor transformation of some plant
nutrients, such as No3

� and some micro-nutrients to their
reduced forms i.e. NH4

+ and other forms of micro-nutrients
having lower equivalency, hence decreasing the loss of No3

–
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by leaching and increasing the availability of other nutrients
(Boatright et al., 1995).

There are other benefits for using RS-based hydrogels as

soil conditioners to be taken into consideration and these
are: (i) the small quantities of hydrogels needed for soil condi-
tioning if composed with the huge quantities of applied man-

ures and composts. (ii) Quantities of irrigation water saved
during the growing season. In our study 20% of irrigation
water was saved. This means that the planted area could be

increased by the same quantity of irrigation water saved. (iii)
The easiness of hydrogel application taking into consideration
that applied hydrogels if compared with other types of soil
conditioners do not need special instrumentation for their dis-

tribution in the soil nor rehydration or post drying of the soil
before their plantation, besides saving the cross-linkers which
are essential for the in-solubilization of water soluble

polymers.

5. Conclusions

As expected the properties of untreated calcareous sandy soil
adversely affect plant growth nutrient content and both water
and fertilizer use efficiency by plants. Treating the soil with

examined RS based hydrogels, besides the improvement in
the hydrophysical properties of such kind of soil, it led to pro-
vide the following improvements:

– Improving chemical properties and nutritional status of the
soil through (i) lowering pH and its effects on nutrient
availability (ii) increasing organic matter content, organic

nitrogen percent in the soil, (iii) increasing available N, P
and K in treated soil, as well as the activity of both dehy-
drogenase and phosphatase.

– Improving biological activity of the soil expressed as total
count of bacteria i.e. Azotobacter sp., phosphate dissolving
bacteria (PDB), fungi and actinomycetes/g soil and the

activity of both dehydrogenase and phosphatase.
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