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Abstract: The productivity of sandy soils is mostly limited by their low capacity water for retained
and nutrients due to excessive deep percolation losses, which reduce the efficiency of water and
fertilizer use by plants. So, soil conditioners have been recommended to be effective tools for
increasing water holding capacity, reducing infiltration rate and cumulative evaporation and improving
water conservation of sandy soils. Laboratory and field experiment was carried out to study the
conditioning effect of synthetic cellulose polymer (carpoxymethy cellulose, CMC) and composted rice
straw as individually or combined treatments on the plant growth characteristic yield nutrients uptake
and water or fertilizers use efficiency by the maize as a plant indicator. In the laboratory, results
indicated that soil capacity water for retained increased with increasing the applied CMC rate up to
2 or 4 g in combination with 100g compost. Thus, a complete randomized field experiment with three
replications was conducted on a sandy soil at the Agriculture Research Station farm, Ismailia, Egypt,
using maize (Zea mays L.) as an indicator plant. The treatments were composted rice straw at the
rates of 5 and 7 ton fed-1 and CMC at the rates of 2 and 4% individually or incorporated application
to a sandy soil. At the end of the growing seasons (i.e. after 120 days from plantation) some physical
and chemical properties of the soil were determined. The obtained results could be summarized as
applied conditioners positively affect hydro-physical properties of the soil, i.e., decreasing soil bulk
density as well as macro porosity (drainage pores) on the expense of micro ones. Therefore, water
holding pores were increased, as well as increasing retained moisture in the soil, because an increase
in water retained at field compared that at wilting percentage. Also, decreasing mean diameter of soil
pores and turn its water transmitting properties namely hydraulic conductivity. Also, for soil chemical
properties, the applied treatments led to slightly decreasing soil pH, and increasing organic matter
content as well as nutrient available contents of nitrogen, phosphorus and potassium in the soil.
Moreover, organic compost and CMC positively affect marketable maize yield due to increasing water
and fertilizer use efficient especially when applied as a mixture. Generally, the results indicated that
a mixture both compost and CMC was more efficient for improving physico-chemical properties of
the  studied sandy soil than applying each of them alone
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INTRODUCTION 

In arid and semi arid regions, annual rainfall is limiting with an uneven distribution. So for increasing
water holding capacity in soils with limited water retention, especially in sandy soils was achieved by using
hydrophilic polymers or some soil amendments such as compost which reduce water loss through leaching and
improving water use efficiency. Of the natural soil conditioners which have been used in Egypt for reclaiming
sandy soil, are organic manures applied, at different rates ranged between 10 and 20 tons/fed, (Sakr et al.,
1992 and Motasser 1987). Due to the shortage that occurred in the quantities of such conditioners, particularly
that organic materials are usually decomposed and needed to be added more frequently, the problem of finding
substitutes has been posed. 

Considerable attention has been paid in the last few decades to use synthesized conditioners to avail
suitable environment for planting sandy and sandy calcareous soils. Among these conditioners are super
absorbent materials i.e. hydrogels. At the rates ranged between 6 and 200 kg/fed (El-Hady et al., 1990). The
addition of 30% composted rice straw significantly increased plant dry biomass, fruit quality, yield and
water-use efficiency of tomato (Ibrahim Ali et al., 2006). Synthetic polymers are used more than natural ones
because they are more resistant to biological degradation (Peterson, 2002). 

Corresponding Author: Laila K.M. Ali, Soil, Water and Environment Res. Inst., Agric. Res. Center, Giza, Egypt.
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Carboxymethyl cellulose (CMC) is a cellulose-derived ester, originated by the reaction of cellulose with
sodium hydroxide and with sodium monochloroacetate, which results in a long chain of anhydroglucose which
in turn generates a highly hygroscopic and viscous polymer, nontoxic to humans (Sanz et al., 2005). Sodium
carboxymethyl cellulose, CMC, is cellulose ether and one of the most important commercial water soluble
polymers used today. CMC is produce from cellulose were the raw material is wood or cotton linters, and it
is therefore based on a sustainable raw material. It is well known that cellulose is not water soluble, but CMC
is made water soluble as a result of a chemical reaction between cellulose and monochloroacetic acid (MCA)
in the presence of sodium hydroxide. This reaction is carried in an aqueous alcohol system (Adel et al., 2010).
Many studies on hydrogel carboxymethylcellulose (CMC), and the biodegradation of the hydrogel were
investigated. The results showed that the degradation rate of the hydrogel was enhanced by addition of nutrient
element, especially by addition of urea. The results of biodegradation in different soils showed that sandy soil
is favorable to degradation of the hydrogel, (Huarong et al., 2004). CMC as an amylose with many hydroxyl
and carboxylic groups can absorb water and moisture, so the hydrogel made of it has many excellent
properties, such as high water content, good biodegradation and wide source of its low cost (Huarong et al., 
2004).

During hot days, the hair root system of a plant pulls out and depletes most of the water from the area
close to the root system, thus causing the plant to go into stress. While increasing the amount of vailable
moisture, hydrogels help reduce water stress of plants resulting in increased growth and plant performance
(El-Hady et al.,1981). Sivapalan (2001) reported that polymer addition to sandy soil increased water use
efficiency for plants. 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, (El-Hady et al., 2002). 

Water-soluble or water-insoluble (cross-linked) hydrophilic polymers may be used as soil conditioners.
Soluble soil conditioners are used to reduce soil erosion (Azzam 1983). Compost incorporation also might
reduce evaporation and increase soil water storage in available range (Opara-Nadi and Lal, 1986). A
comparison of water retention by compost incorporation and hydrophilic polymers could be informative for
proper recommendation. 

This work was aimed of indentifying the effect of treating a sandy soil with a composted rice straw
individually or combined with hydrogel polymer i.e., carboxymethyl cellulose (CMC) at applied different rates
on soil hydro-physico-chemical  properties and maize yield as related to both water and fertilizer use efficiency.

MATERIALS and METHODS

A Laboratory study and field experiment were carried out on a sandy soil at the Agriculture Research
Station farm, Ismailia Egypt, during two successive years of 2008 and 2009 in completely randomized block
designs with three replications for each treatment was conducted. The main analytical data of the studied soil
are presented in Table 1. 

Soil Conditioners:
a. Compost (OM): 

Fine compost produced by aerobic composting of rice straw and activating mixture from nitrogen source
as chicken manure, phosphate source as rock phosphate and farmyard manure. Table2. represents the main
chemical properties of applied compost.

b. Synthetic Organic Polymer: 
The absorbent material used was carboxymethyl cellulose (CMC) is produced by reaction between alkali

cellulose and sodium monocholora acetate under controlled conditions. Formulation ( C6H10O5)n, molecular
weight (162.2) n gr/molgr and elements (C= 44.4%, H= 49,4 and 0= 6.2%). Also, Cellulose is a
water-insoluble polymer of vegetable origin such as wood (eucalyptus, poplar, pine) or cotton. The cellulose
molecule consists of  a large number of glucose anhydride rings linked in chain formation. Each polymer chain
consists of 100 to 6000 glucose anhydride units. CMC is the most common water soluble cellulose ether,( Adel
et al., 2010). 

Laboratory Studies to Determined Moisture Contents as Related to Applied Treatments: 
A weighed quantity (100g) of composted rice straw in core (Height of 5 cm andradius of 2.5cm) with
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three replicate was mixed with different levels from synthetic polymer (CMC) i.e., 0, 0.2, 0.5, 1.0, 2.0, and
4.0 g 100 g-1 and then the mixtures were placed in excessive quantity of water until saturation. After removing
the excess water, the treated cores were weighed after 0, 3, 6,12, 24, 36 and 48 h to determine the rate of
water retained (W/W): 

Water content%= (Wb -Wa)/Wa × 100

Where's: Wb= weight of cores before saturation,   Wa= weight of cores after saturation                      
    
Indicator Plant: 

Maize (Zea mays L. hybrid individual 10, cv.) was chosen as an indicator plant. 

Experimental Design:
Size of Each Experimental Plot: 

1/400 feddan (3 × 3.5=10.5m2)

Soil Treatments:
C Treatment No 1: Non-conditioned soil (mineral fertilization only), as a control treatment,
C Treatments No 2 and 3: Soil of treatment No 1 conditioned with 12.5 and 17.5 kg compost /plot i.e. 5

and 7 tons/fed, respectively.
C Treatments No 4 and 5: Soil of treatment No 1 conditioned with CMC at the rates 2 and 4 %, respetively
C Treatments No 6 and 7 Soil of treatment No 2 and 3 conditioned with CMC 2% 
C Treatments No 8 and 9 Soil of treatment No 2 and 3 conditioned with CMC 4% 

Carboxymethyl cellulose was dissolved at a rate 25 g 100 ml-1 water, left overnight for complete
dissolution. This concentration solution was diluted at a certain concentration according to used application
rates.    

Fertilization: 
Super phosphate (15.5% P2O5) at the rate of 100 kg fed-1 and potassium sulphate (48% K2O) at the rate

of 100 kg fed-1 were added as a basal dose before transplanting. Urea (46% N) was applied at the rate of 120
kg N fed-1 through the drip irrigation system (fertigation). 

Examined Parameters:
Soil physical properties were determined according to El-Hady and El-sherif (1988).The studied parameters

are: Field capacity, wilting point, available water, hydraulic conductivity, bulk density,  total porosity and  pore
size distribution of the soil after harvest of maize. Pore size distribution was determined according to the
equation: 

P = (2 σ COSθ)/r

Where r is pore radius, σ is surface tension of water (σ = 72 dyne/cm), θ is the contact angle and P is
the applied pressure. When contact angle equals Zero, the pore diameter corresponds to pressure  0.1, 0.33 and
10 bars is equal to 28.8, 8.62 and 0.19  micron, respectively. De Leenher and De Boodt (1965) classified the
pore space to pore with a diameter > 28.8 µ as quick drainable pores, while those with diameters 28.8-8.62µ
as slow drainable pores and total drainable pores as the pores with diameters > 8.62 micron. 

Soil Chemical Properties: 
The following determinations were carried out after 90 days from planting according to Cottenie et al.,

(1982). 
a. Soil pH was determined in 1:2.5 soil water suspensions.
b. Electrical conductivity (dSm-1) of the soil paste extract.
c. Organic matter content.
d. Available N, P and K.
Marketable yield of total growing period was ~120 days.
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Water Use Efficiency (WUE):
Water Use Efficiency (WUE) of crop was estimated and calculated according to Giriappa, (1983 ), using

the following equation: 

WUE= total yield (Kg. fed-1)/ Eta (m3 fed-1)

Where: ETa = Actual evapotranspiration  mm  interval-1

ETa = (θ v 2 - θ v 1) d / 100

Where: θ v 2 = Soil moisture content after irrigation on volume basis (%)
    θ v 1= Soil moisture content before irrigation on volume basis (%)

d = Depth of soil layer (mm)  

Crop Coefficient (Kc):
Crop coefficient (Kc) was determined according to El-Nady and Borham (2008) by using the following

equation:

Kc = ETa / ETo

Where: 

Kc = Crop coefficient of maize
ETa = Actual evapotranspiration
ETo = Reference evapotranspiration (The major parameters required to calculated the (ETo) are the

cimatological data, length of growth period of the cultivated crops and surface properties).
 
Fertilizers Use Efficiency:

Fertilizers use efficiency by plants was calculated as kg of the marketable yield produced by each unit of
fertilizer nutrients used (kg/ unit of added nutrients ). 

Statistically Analyses:
Average of the results seasons were subjected to statistical analyses according to Snedecor and Cochran

(1980).

Table 1: Some characteristics of original soil experiment.
Characteristics Ismailia 
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Physical properties
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Particle size distribution %
Sand   90.02
 Silt    3.55
 Clay  6.43
Texture soil sandy
Bulk density     gm cm-3 1.74
Total porosity    % 34.33
Water holding capacity % 20.34
Hydraulic conductivity cm h-1 7.63
Field capacity % 8.29
Wilting  point % 1.82
Available water % 6.47
Organic matter content % 0.34
Chemical properties
pH (1:2.5 ) 7.71
EC dS/m 1.04
Available N mg kg-1 23.60
Available P mg kg-1 4.25
Available K    mg kg-1 42.19
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Table 2: Characteristics of composted rice straw used in the study.
Determination Rice straw compost 
EC dS/cm (1:10) 5.67
pH (1:10)       7.08
O.M % 56.6
C/N ratio 17.6
Available  nutrients  (ug.g-1) 
N 980
P 533
K 1319
Fe 217
Mn 107
Zn 98
Cu 16.6

 
RESULTS AND DISCUSSIONS 

Laboratory Studies to Determined Moisture Content as Related to the Applied Treatments:
Water retained by 100 g compost incorporated with carboxymethyl cellulose (CMC) the rates of 0, 0.2,

0.5, 1.0, 2.0, and 4.0 g after 0, 3, 6, 9, 24, 36, and 48 hours revealed that the water content increased by CMC
rates at increasing the applied in a time course manner. The average water contents by compost incorporated
with CMC at 0, 3, 6, 9, 24, 36, and 48 hours were 117, 137, 175, 203, 249 and 264 g 100g -1 compost
respectively (Fig. 1). Data showed the incorporated of compost with 4 g CMC was recorded the highest of
absorbed of water content after 48 h followed  2g CMC in same time, the percent increases were 112.8 and
125.6, respectively. It has been reported that CMC takes water after 24 hours to achieve 50% absorption and
48 h  for 100% absorption. Generally, the water content of the soil was seen to increase with increasing
concentrations of CMC and time of treatment. Absorption of deionised water by polyacrylamides under
laboratory conditions can vary between products in the range from 20-1000 per g. 

Johnson and Veltkamp (1985) observed that the maximum time required by the product with the slowest
water absorption rate to reach equilibrium was 2 h. However, the expansion of polyacrylamides in soil can be
limited by soil physical conditions and other factors.

Compost incorporation with CMC absorbs water slowly and water absorption increases with time, this
agreement with, Hayati and Ali (2004). Chaudhry et al. (1994) revealed that average water absorption by
polymer (Aquasorb) after 30, 60, 90 and 120 minutes was 65, 94, 110 and 130 times its weight. Aslam and
Shahid (1992) found that the potential water retention by polymer were 21.5% and constant expansion rate
achieved after 240 minutes. The effective retention by Aquasorb was 49 g of water per g of polymer, which
equal about 50% of the potential retention for Aquasorb. This results are in agreement with Hayat and Ali
(2004) who found that polymer of Aquasorb was absorbs water slowly and the water retained increases with
time as well as it varies from 83 to 219 times of its weight during 30-210 minutes.

Effect on Hydro- Physical Properties:
C Bulk Density, Total Porosity, Macro and Micro Porosity:

Values of soil bulk density, soil porosity and macro and micro-porosity were positively influenced as a
result of applied composted rice straw or/and CMC to the soil as illustrated in Table (3) however, soil
conditioning led to decrease the bulk density of the soil as well as the macro-porosity (drainable pores having
eases reached 17.8, 21.4, 10.1, 11.8, 20.9, 22.8, 23.8 and 32.6 % for bulk density due to the applied of CMC
2%, CMC 4%, compost at a rate of 5 ton fed-1(C1), compost at a rate of 7 ton fed-1(C2), (C1+CMC1),
(C1+CMC2), (C2+CMC1) and (C2+CMC2), respectively as compared to untreated sandy soil. The
corresponding values for macro porosity were 23.59, 29.48, 8.24,12.77, 40.12, 46.77,49.35 and 52.81% for
macro porosity, respectively.. Terry and Nelson (1986) revealed that bulk density of PAM treated soil was
reduced. Wallace and Wallace (1986) elucidated that the polymers improved the soil characteristics. It is of
interest to mention that the macro porosity was taken as the air filled porosity when the soil water system was
in equilibrium with 100 cm suction (Loveday, 1974). These results are in agreement with, El-Hady and
Abo-Sedera (2006) and El-Hady et al. (2009). 

In regard to the effect of added conditioners on total porosity and micro porosity specially those, which
hold available moisture to plants (i.e. water holding por place an opposite trend to that of bulk density and
macro porosity.
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On other words, the corresponding increase reached 6.07, 7.3, 3.4, 4.03, 7.12, 7.8, 8.11 and 11.09 %  for
total porosity and 120, 148, 34.32, 64.31, 86.12, 111, 113 and  135 % for water holding pores (28.8 - 0.19
µ) when  soil treated with CMC 2%, CMC 4%, compost at a rate of 5 ton fed-1(C1), compost at a rate of
7 ton fed-1(C2), (C1+CMC1), (C1+CMC2), (C2+CMC1) and (C2+CMC2), respectively as compared to
untreated sandy soil, respectively. Data show that the addition of either OM or examined carpoxymethyl
cellulose (CMC) resulted in an increase in this fraction being higher with increasing the applied rates of the
tested conditioners. Moreover, 4% of examined CMC incorporated with compost at the rates of 5 and 7 ton
fed-1 followed the application of 2 % incorporated with the same rates of compost were more effective for
improving this property than other treatments. It was further revealed that low level of polymer application
caused very little improvement as compared with high one.

The ratio between micro and macro pores is of great importance for identifying the rate of water retention
and water movement in the soil. It is interesting to note that incorporating the examined hydrogels (CMC) into
sandy soil beneficially modify this ratio. However, micro: macro porosity in the untreated soil was 0.71: 1 ,
it increased due to soil conditioning to be1.91, 2.30, 1.0, 1.27, 2.07, 2.62, 2.78 and 3.27:1 at the additions 
of  CMC 2%, CMC 4%, compost at a rate of 5 ton fed-1(C1), compost at a rate of 7 ton fed-1(C2),
(C1+CMC1), (C1+CMC2), (C2+CMC1) and (C2+CMC2) , respectively.  Data in Table (3) indicated that the
application of composted rice straw incorporation with CMC was more effective on the aforementioned
parameters than applying each of them alone.  Increasing applied OM to be 7 ton fed -1 and mixed with 2%
CMC showed no considerable reduction in soil bulk density and macro porosity and in turn a corresponding
increase in the percentages of total porosity and water holding pores indicating that the lowest rate of OM
(i.e.5 ton fed-1), may be un-sufficient for improving such soil properties when mixed with hydrogels. More
increase in applied CMC to be 4% greatly improved pore size distribution of treated soils towards high
moisture retention and lower loss of water from the soil by leaching or deep percolation. This could be
indicated by the modification of micro: macro porosity. Incorporating 7 ton compost mixed with 4% CMC 
in the soil increased this ratio to be ~ 4 times that of the control treatment El-Hady and Abo-Sedera (2006).
Wallace and Wallace (1986) reported that the polymers improved the soil characteristics. It was further revealed
that low level of polymer application caused very little improvement compared with high one. Soil conditioners
have been reported to be effective tools in increasing water holding capacity, reducing infiltration rate and
cumulative evaporation and improving water conservation of sandy soils Al-Omran et al. (1987).

C Moisture Constants:
Retained moisture in sandy soil under different suctions from zero to 15 bars as influenced by soil

conditioning is also shown in Table 4. Data indicated that an increase in the percentages of retained moisture
at all suctions under study due to soil compost and CMC individually or combined being higher with
increasing the applied rate of compost and/or CMC. At saturation, (i.e. at pF=0) the total water holding
capacity (WHC) of the soil was increased by 17.37, 24.38, 7.26, 11.71, 26.61, 27.43, 27.96 and 30.96 % when
application of CMC 2%, CMC 4%, compost at a rate of 5 ton fed-1(C1), compost at a rate of 7 ton fed-1(C2),
(C1+CMC1), (C1+CMC2), (C2+CMC1) and (C2+CMC2), respectively. At field capacity (FC), (i.e. at pF= 2.0)
values of retained moisture showed different increases of 101, 122, 27.67, 52.27, 107, 125, 137and 152 % as
relative to that of the control by applying the same conditioners and rates of the compost and CMC as
mentioned above, respectively. Since the increase in water retained at FC is far beyond that at wilting
percentage (WP) of pF= 4.2, the available water (FC-WP) increased. Incorporating compost at a rate of 5 and
7 ton fed-1  with 2 % CMC applied to the soil was sufficient to increase of moisture content  available
moisture as compared to untreated soil. Obtained results could be explained on the basis of increasing the
smaller pores that having the diameter of 28.8 - 0.19 ? on the expense of the large ones, i.e., drainable pores
having the diameter of > 28.8 ?. Moreover, the higher the applied rate of the conditioners, the lower in the
macro-pores in the soil. As previously mentioned, the increase of water storage pores is vital t o ensure water
reservation in sandy soil under dry farming conditions. It is well known that increasing available moisture for
plant elongates irrigation frequencies and in turn decreases the quantities of irrigation water needed and costs
of irrigation process (El-Hady and Wanas,  2006 and El-Hady  and Abo-Sedera, 2006). 

Data presented in Table 4 show also that conditioning the soil with either compost and/ or CMC decreased
the values of some water transmitting properties. Moreover, the combined effect of incorporating both compost
and CMC together into studied soil was clear, where the values of these properties were much lower, and the
decreased of HC values were highest with increased of application rates.  Some water transmitting properties
of the soil under study as influenced by treating with the compost and /or CMC are also presented in Table
4. These properties include the hydraulic conductivity of air dry soil (cm h-1). 
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Data showed that the decreased percentages reached 33.83, 48.1, 16.72, 33.85, 45.23, 50.05, 55.69 and
56.10 % due to application of  CMC 2%, CMC 4%, compost at a rate of 5 ton fed-1(C1), compost at a rate
of 7 ton fed-1(C2), C1+CMC1, C1+CMC2, C2+CMC1 and C2+CMC2 , respectively as compared to untreated
sandy soil.

Application of composted rice straw and incorporated with CMC in sandy soil were also able to reduce
the amount of water lost from the soil through evaporation (Al-Omran and Al-Harbi 1997). The explanation
for the better changes in the water transmitting properties of sandy soil with conditioning could be attrib u t
e d to the increase in soil micro porosity as previously mentioned and in turn, the increase in the hydraulic
resistivity of the treated sandy soil, (El-Hady et al., 2009). El-Amir et al (2003) showed that polymers were
incorporated separately in sandy soil at rates of 0.5 and 1.0% increased both fresh and dry weight production
of corn due to increased water use efficiency over the polymer-free control. On the other hand, polymers
treatment at both rates of application induced a higher response in corn with respect to total fresh weight, total
dry weight and water use efficiency. Regardless of rate of application and placement, both polymers reduced
irrigation frequency which would reduce the labor cost of irrigation in sandy soils.

From previous results, it notes that applied of  composted rice straw and enrich the organic polymer such
as carboxymethyl cellulose (CMC) leads to an improvement in the hydro physical properties and a private
water content of the sandy soil under studied. More improvement the studied parameters were obtained by
raising the application rate of the mixture of both components. Generally, the results show that the addition
of compost at 5 ton fed-1 incorporated with either 2 or 4% CMC will be enough to improve the hydro physical
properties. 

Effect on pH, Organic Matter Soil Content and Availability of N, P and K:  
C pH and Organic Matter Soil Content:

Data presented in Table 5 reveal that, some chemical properties of the studied soil were improved by
varying degrees due to soil conditioning with rice straw compost and/ or carboxymethy cellulose. 

Regarding soil pH, all examined conditioning treatments slightly decreased the pH values of the soil
between treatments. The decrease in soil pH was non-significantly as compared to untreated soil, calculated
to be 0.34, 0.38, 0.25, 0.32, 0.34, 0.41, 0.38 and 0.42units by applying of CMC 2%, CMC 4%, compost at
a rate of 5 ton fed-1(C1), compost at a rate of 7 ton fed-1(C2), C1+CMC1, C1+CMC2, C2+CMC1 and
C2+CMC2, respectively, as compared with untreated soil. Using compost at a rate of 5 or 7 ton fed-1
incorporated with 4 % CMC as soil conditioner lowered soil pH by 0.41 and 0.42 units, respectively. Some
soil amendment with organic manure treatments resulted in increased soil pH whereas in others soil pH was
lowered. The direction of the change in soil pH as a result of treatment application reflected the initial pH of
the amendment material. The sensitivity of soil pH to the organic amendments was likely due in part to the
low buffering capacity (Neilsen et al. 1995) typical of the soil used in this experiment.

With respect to soil organic matter %, treating the soil with compost raises organic matter soil content
(OM) being higher with the rate of applied compost and/ or CMC.  Application of organic manure and/or
compost has been shown to improve the soil organic matter content (Adani et al., 2007).On the other words,
using rice straw compost at a rate of 5 and 7 ton fed-1 increased organic matter content of the soil to be 31.71
and 41.36% t, respectively as compared to un-treated soil. On the other hand, increase percentages for organic
matter contents of treated soil with CMC at a rate of 2 and 4% were 48.78 and 63.41 for compost 5  ton fed-1,
respectively, while were 100 and 102 for compost 7 ton fed-1 that of the control treatment, respectively. By
adding mixtures of compost and CMC  to the soil, the increase in its organic matter was highest than using
each of them alone. It could be attributed to cellulose degrading microorganisms can convert cellulose into
soluble sugars either by acid and enzymatic hydrolysis. Thus, microbial cellulose utilization is responsible for
one of the largest material flows in the biosphere (Lynd et al., 2002), subsequently increase the organic matter
content in sandy soil due to application of compost incorporated with CMC.

C Availability of Nitrogen, Phosphorus and Potassium in Sandy Soil: 
It is well known that availability of nutrients in sandy soil is low. Under the conditions of  conducted

experiment and although fertilization is the same as that of other treatments, available N, P and K were 23.6,
4.25 and 42.19 mg k-1 soil respectively, that refer to poor nutritional status of the soil studied sandy soil (Table
5). So using composted rice straw and CMC individually or incorporation raised its nutrients availability by
27.1, 55.8, 98.8, 111, 131, 144, 154, and 197 % for N, 9.09, 14.9, 25.1, 31.3, 36.1, 45.2, 51.4 and 60.9 %
for P and 21.8, 26.4, 30.4, 37.9, 55.1, 63.7,72.9 and 85.5 % for K due to application of CMC 2%, CMC 4%, 
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compost at a rate of 5 ton fed-1(C1), compost at a rate of 7 ton fed-1 (C2), (C1+CMC1), (C1+CMC2),
(C2+CMC1) and (C2+CMC2), respectively, that of untreated soil. Application of carboxymethyl cellulose
individually was more effective on nutrients availability than composted rice straw alone. On the other hand,
the available of N, P and K in the sandy experimental soil increasing with increasing the applied rates of
compost and /or CMC. Kachinsky and Mosolova (1979) reported that the soil conditioning polymer contain
nitrogen, carbon, calcium and potassium in their molecules by degradation by microorganisms releasing these
nutrients and then increase in soil solution.  Availability of studied nutrients is much higher by applying the
two tested soil conditioners together than that of each  alone.  As a results of improving the soil-water
relations organic matter content and decreased of pH for the studied sandy soil, there was an increase of
nutrients availability in the soil (Wanas, 1996 and Ghazy et al., 2000). These results are in agreement well
with those obtained by Abdel Aal et al., (2000) and El-Hady and  Abu-Sadera, (2006). 

Generally, the increased of availability of N, P and K in soil as affected by the  applied of composted
rice straw and CMC individually or incorporated together may be attributed to the availability of sufficient
moisture around the root concentrated, and thus a greater proliferation of root biomass resulting in the higher
absorption of nutrients and water leading to production of higher vegetative biomass (Singh et al., 1997). The
applied conditioners positively affect hydro-physical properties of the soil, i.e., improving soil structure as
expressed by water stable structural units of > 0.25 mm, decreasing soil bulk density as well as macro porosity
(drainage pores) on the expense of micro ones, increasing retained moisture in the soil at all suctions under
study (from 0 - 15 atmo), hydraulic conductivity and transmissivity for vertical flow of water through soil
profile. On the other hand, soil conditioning positively affect chemical and biological properties of the soil i.e.,
decreasing soil pH, increasing OM, organic carbon, total nitrogen % in the soil, and hence the possibility to
save and provide available forms of N to growing plants, increasing N, P and K in treated soil El-Hady and
Abo-SederA (2006).

Marketable Yield, Water Use Efficiently and Fertilizers Use Efficiency:
C Marketable Yield:

The productivity of sandy soils is mostly limited by their low water holding capacity and excessive deep
percolation losses. Thus, the management or active of these soils must be executed increase their to water
holding capacity and reducing losses due to deep percolation by using  soil conditioners. Data presented in
Table 6. Showed  the effect of compost and/ or CMC the sandy soil individually or their mixtures on the
productivity of the soil. Marketable yields of maize were significantly increased due to application of these
conditioners  individually by 117 and 145 % for CMC1 and CMC2, 107 and 124 for compost at the rates of
5 and 7 ton fed-1, respectively, while  were due to mixture of conditioner by 144 and150 for compost at a rate
of 5 ton fed-mixed with CMC 2 and 4 %, respectively, and 168 and 194 % due to application of  compost
at a rate of 5 ton fed-1 incorporated  with CMC 2 and 4 %, respectively, over that of the control  treatment
(non-conditioned soil). 

More increase was obtained in the marketable yield of maize due to mixing compost with CMC after
incorporating into the soil. The results indicated that the marketable yield of maize was more increase due to
incorporated composted rice straw and CMC may be due to loss of evaporation of water and increase of
available water this reflected to availability nutrients increased to maize plant. This results agree well with
those  El- Hady and El-Dewiny (2006).

C Water and Fertilizers Use Efficiency by Maize Plants:
Values of the water or fertilizers use efficiency, which reflect the relation between the production and the

total seasonal water or fertilizers used are presented in Table 6. Data show that treating the sandy soil with
tested conditioners led to an increase in water or fertilizers use efficiency by growing plants i.e. yield in kg
per each cubic meter of irrigation water used or each unit of added nutrients. Obtained increases were 9.45
and 11.75 for CMC 2 and 4% respectively, 3.15 and 1.97 for compost at the rates of 5 and 7 ton fed-1,
respectivelly, when mixture of compost and CMC the increase percentages were 20.80 and 31.69 for
incorporated of compost at a rate of 5 ton fed-1 with CMC 2 and 4%, respectively, while recorded 25.13 and
34.19 % due to incorporated of compost at a rate of 5 ton fed -1 with CMC 2 and 4%, respectively as
compared to untreated sandy soil. Regarding the combined effect of both of soil conditioners on the values
of water or fertilizers use efficiency by maize plants, data indicate better yields by the same quantity of water
or added fertilizers. As previously mentioned with the obtained marketable yield, when doubling the application
rate of CMC to be 4% and mixing them with 7 ton compost after incorporating in the soil, was more effective
on water or fertilizers use efficiency.
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The conditioning effects of organic composts as natural soil conditioners or / and carboxymethyl cellulose
as natural polymer ones on hydro-physical, chemical and biochemical properties of the sandy soil under study
after maize plantation were evaluated for found recommendation of the applied rate. Data indicate that synthetic
hydrogels can be viewed as analogous to the soil organic matter. The positive effects of each of the studied
conditioners on soil properties could be considered as a basis for discussing the beneficial effects that gained
on crop production, nutrients uptake and both water and fertilizers use efficiency by the plants. Regarding
hydro-physical properties of the soil, the effect of both soil conditioners (compost or CMC) include: 1)
Promoting good soil structure that protects the soil surface against wind and water erosion through improving
soil structurization and increasing the percentages of water stable structural units. 2) Increasing soil water
holding capacity and the ability the soil to retain water due to their effect on pores size distribution towards
the finer ones i.e. water holding pores, from one hand and the swell ability of conditioners particularly the
hydrogels. On the other hand, improving the dynamic soil water characteristics i.e. decreasing downward
movement of water through infiltration and the upward movement of it via evaporation and as well as
improving the mechanical strength of the soil i.e. decreasing both penetration resistance and compressive
strength of the soil surface to be suitable for soil management practices and root growth and distribution, (El-
Hady and El-Dewiny, 2006) . Concerning the bio-chemical properties of the soil, the improving effect of
applied conditioners includes:1) lowering soil pH that leads to more solubilization of nutrients and increasing
nutrients availability, 2) increasing the low exchange capacity and specific surface area of the soil that raises
its nutrients retention abilities and in turn minimizing the loss of such nutrients by leaching or deep percolation
and 3) increasing soil microbial biomass enzymes activity indicating an improvement in the biological fertility
of the soil. An incorporating composted rice straw mixed with hydrogels (CMC) was more effective than using
each of them alone. The combined and integraed effects of applying both soil conditioners together for the
sandy soil as related to hydro-physical and chemical properties of the soil were practically proved. The
beneficial effect of mixing 5 ton compost with 20 kg CMC fed-1 on all the studied hydro-physical properties
of the soil and most of its chemical and biological properties, has exceeded that of 7 ton compost or 40 kg
CMC  fed-1 if each of them was solely applied.  Although mixing 7 ton compost with 20 kg CMC causes a
better improvement in soil properties, obtained yields did not increase. The higher moisture retention in the
treated soil over the needs of the growing plants and its adverse effects on the aeration of the root-zone as
a result of increasing the soil micro-porosity on the expense of its macro-ones- may explain why the yield,
nutrients uptake and both water and fertilizers use efficiency by growing plants may decrease by an increased
amount of applied hydrogel (El-Hady et al.,1990). 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, (Van Cottem, 1999). 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. Using such conditioners on a large scale depends on: a) the quantities of
hydrogel required for soil conditioning and their price. Under the study conditions, 2-4% (i.e., 20-40 kg of the
CMC 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 (El-Hady and Wanas, 2006).

Crop Coefficient:
The actual crop coefficient (Kc) calculated for different types of conditioners and the theoretical (Kc)

values given by the FAO are shown in Table 7. The maximum FAO crop coefficient value (1.20) is obtained
in August, while the minimum one (0.40) is obtained in June with an average of (0.87). The actual (Kc)
increased from June to August then declined in September. The actual minimum (Kc) values are obtained under
compost treatment followed by (C2+CMC2) as compared to the control. The theoretical values given by the
FAO is not significantly different than the actual (Kc) values calculated under both conditioners and control
treatments.  

However, there is a significant difference between theoretical and (Kc) values calculated with compost and
CMC individually and incorporated. The application of compost at a rate of 7 ton and mixture with 2 and 4%
CMC was more effective on crop coefficient  (Kc) value in all growth months as compared to other treatments.
The applied organic materials mixed with the proper hydrogel to the soil maybe more effective and economic
than using each of them alone (El-Hady et al., 2002).
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Fig. 1: Water retained by composted rice straw incorporated with CMC at different interval time.

Table 3: Effect of composted rice straw or/ and carboxymethyl cellulose on some physical properaties in sandy soil after harvested of
maize plants.

Treatments Rate of Bulk density Total Pore size distribution
application (g cm-3) porosity % Micro-pores (<28.8μ)

Macro- pores ----------------------------------------------------------
(drainable pores Water holding Fine capillary Micro: 
>28.8μ)  pores (28.8-0.19 μ) pores (<0.19μ) macro

Un-treated soil 0 *1.714 35.32 26.32 8.07 10.59 0.71
CMC1 2% 1.610 39.25 20.11 17.77 20.57 1.91
CMC2 4% 1.589 40.04 18.56 20.05 22.62 2.30
Compost (C1) 5 ten fed-1 1.655 37.55 24.15 11.84 13.37 1.06
Compost (C2) 7 ten fed-1 1.645 37.92 22.96 13.26 15.80 1.27
(C1 ) + CMC1 5 ten fed-1 + 2% 1.592 39.92 15.76 15.02 17.63 2.07
(C1) + CMC2 5 ten fed-1 + 4% 1.581 40.34 14.01 17.05 19.71 2.62
(C2) + CMC 1 7 ten fed-1 + 2% 1.575 40.57 15.73 15.25 17.76 2.09
(C2) + CMC 2 7 ten fed-1 + 4% 1.524 42.49 13.92 17.10 19.76 2.65

L.S.D.  0.05% 0.05 1.09 2.01 0.75 3.12 0.06
*Means successive two seasons 

Table 4: Moisture constant %i.e., field capacity (FC), wilting point (WP) and available water (AW)), hydraulic conductivity (HC)  cm
h-1and water holding capacity % as affected of compost and carpoxymethyl cellulose treated sandy soil.

Treatments Rate of application Water holding Moisture constant  % Hydraulic conductivity cm h-1 
capacity % ------------------------------------

FC WP AW
Un-treated soil 0 *20.67 6.18 1.47 4.71 9.75
CMC1 2% 24.26 12.43 2.04 10.39 6.45
CMC2 4% 25.71 13.75 2.11 11.64 5.06
Compost (C1) 5 ten fed-1 22.17 7.89 1.75 6.14 8.12
Compost (C2) 7 ten fed-1 23.09 9.41 1.85 7.56 6.45
(C1 ) +CMC1 5 ten fed-1+ 2% 26.17 12.82 1.79 11.03 4.28
(C1)+ CMC2 5 ten fed-1+ 4% 26.34 13.93 1.89 12.04 4.32
(C2) + CMC 1 7 ten fed-1+ 2% 26.45 14.68 1.81 12.87 4.87
(C2) + CMC 2 7 ten fed-1+ 4% 27.07 15.58 2.01 13.57 4.91

L.S.D. 0.05% 1.34 1.14 0.45 2.13 1.02
*Mean of successive two seasons 

Conclusion:
When evaluating the use of such technique for the sandy soil conditioning, one has to consider: 1) the

improvement of soil properties 2) the increase in plant growth and yield and 3) savings in the prices of
irrigation water and fertilizers, on one side and 1) the fast decomposition of compost if compared with the slow
one of CMC and the need for frequent (annual) additions of compost and 2) the prices of the conditioners used
and costs of the conditioning process, on the other side. However, the application of compost incorporated with
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carboxymethyl cellulose (CMC) was more effective on hydro-physical, chemical and yield of maize growing
on a sandy soil than application both conditioners individually, especially 7 ton compost mixture with 2 and
4% CMC as compared to untreated soil.

Table 5: Effect of compost and /or carboxymethyl cellulose on some chemical properties of the soil.
Treatments Rate of application  pH (1: 2.5) OM% Available nutrients (mg kg -1 soil)

-------------------------------------------------------------
N P K

Un-treated soil 0 *7.68 0.41 25.8 4.51 45.4
CMC1 2% 7.34 0.43 32.8 4.92 55.3
CMC2 4% 7.30 0.45 40.2 5.18 57.4
Compost (C1) 5 ten fed-1 7.43 0.54 51.3 5.64 59.2
Compost (C2) 7 ten fed-1 7.36 0.58 54.6 5.92 62.6
(C1 ) +CMC1 5 ten fed-1+ 2% 7.34 0.61 59.7 6.14 70.4
(C1)+ CMC2 5 ten fed-1+ 4% 7.27 o.67 63.1 6.55 74.3
(C2) + CMC 1 7 ten fed-1+ 2% 7.30 0.82 65.6 6.83 78.5
(C2) + CMC 2 7 ten fed-1+ 4% 7.26 0.83 76.8 7.26 84.2

L.S.D. 0.05% 0.53 0.12 3.45 1.02 11.6
*Means successive two seasons 

Table 6: Effect of compost  (C) and/ or carboxymethyl cellulose (CMC)on marketable yield, Water and fertilizers  use efficiency by
maize crops.

Treatments Rateof Marketable Water use Fertilizers use efficiency (kg/ unit of added nutrients)
application yield (kg efficiently -----------------------------------------------------------------

fed-1) (kg  m-3) N P2O4 K2O
Un-treated soil 0 *1230 15.24 10.3 82.0 25.6
CMC1 2% 2673 16.68 22.3 178 55.7
CMC2 4% 3010 17.03 25.1 201 62.7
Compost (C1) 5 ten fed-1 2543 15.72 21.2 170 53.0
Compost (C2) 7 ten fed-1 2756 15.54 23.0 184 57.4
(C1 ) +CMC1 5 ten fed-1+ 2% 2997 18.41 25.0 200 62.4
(C1)+ CMC2 5 ten fed-1+ 4% 3070 20.07 27.5 220 68.8
(C2) + CMC 1 7 ten fed-1+ 2% 3302 19.07 25.6 205 64.0
(C2) + CMC 2 7 ten fed-1+ 4% 3598 20.45 30.0 240 75.0

L.S.D.  0.05% 24.6 - - - -
* Means successive two seasons

Table 7: Effect of compost  (C) and/ or carboxymethyl cellulose (CMC)on crop coefficient (Kc) for maize crops.
Growing months Treatments FAO (Kc)

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control CMC1 CMC2 C1 C2 C1+CMC1 C1+CMC2 C2+CMC1 C2+CMC2

June *0.30 0.34 0.35 0.32 0.33 0.34 0.36 0.37 0.38 0.40
July 0.76 0.85 0.86 0.82 0.83 0.85 0.87 0.88 0.89 0.92
Aug. 0.82 0.96 0.98 0.88 0.89 0.99 1.01 1.02 1.04 1.20
Sep. 0.74 0.83 0.85 0.79 0.80 0.84 0.85 0.85 0.86 0.95
Growing season 0.66 0.75 0.76 0.70 0.71 0.76 0.77 0.78 0.79 0.87
L.S.D. 0.05 0.16 0.18 0.83 0.56 0.45 0.65 0.62 0.78 0.99 -
*Means successive two seasons 
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