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Abstract 

 
The water is the most important limitation factor for agricultural expanding in Arid and 
Semiarid region like Iran. Increasing irrigation efficiency is one of the methods for saving the 
water. Hence good management and use of skilled methods for keeping more water in soil 
due to optimum exploitation of limited source water of Iran is needed. So, the aim of this study 
was to increase the water maintenance in three kinds of soils by using 2, 4 and 7 (weight 
percent) waste manuciple, after that the measured water in different suction (0, 300, 500, 1000, 

3000, 5000 and 15000) cm by three kind of models of water retention curve (Van Genuchten, 

Brooks-Corey and Campell) by RETC software to befit. The results showed that waste 
manuciple compost increased all moisture content especially saturation content and by 

increasing the field capacity moisture increased available water in soil. The Van Genuchten 

model had the best fitting to measured data at these additive by maximum R2 (0.99) and 
minimum RMSE (0.05).  

 
Keywords: Nanoclay, Montmorillonite, Sandy loam texture, Compost, Retention curve. 

 
Introduction 

 
The water crisis is one of the fundamental issues in arid and semiarid regions such as Iran (Shahriari et al., 2010). On the 

other hand, mass production of organic wastes in industrial activities, agriculture and urban waste, brought a lot of pressure on the 
landfill problem and is created short and long-term consequences for the health of the environment (Zamani Bob Gohari et al., 
2010). To increase the amount of soil organic matter, it is necessary to use of all organic sources such as agricultural waste, sewage 
and municipal waste, while increasing crop production, sustainable agriculture is possible (Zaeri, 2001). One of the common 
strategies, conversion of municipal solid waste compost and its use in agriculture (Allah Dadi et al., 2011). Overall, in recent years, 
much attention has been paid to the environment and solid waste management.  
        In addition to organic compounds, usually rich in nutrients , especially nitrogen and phosphorus requirements of plants (Singh 
& Agraval, 2008) and improved physical properties, chemical and biological soil such as porosity, aggregate stability, bulk density, 
ph, concentrations of nutrients, organic matter and soil organisms activities (Yongjie & Yangsheng, 2005; Guidi et al., 1983). 
Compost increases aggregate stability, soil structure is improved. Become a stable soil structure, porosity increases and bulk density 
decreases and thus the rate of soil infiltration rate is greater than climate (Nazmi et al., 2011). 

Aggelides and Londra (2000), in their study, mentioned to significant positive effects of compost on soil physical properties, 
including saturated and unsaturated hydraulic conductivity, water holding capacity, porosity, density, and size distribution of porosity, 
permeability and Compressibility. It also Quoted by Nazmi et al (2011), Dick and Mac guy in (1993) and Rodriguez et al (1994), 
Hernando et al (1989), Stewart et al (1998) all showed that adding compost to the soil, Increases retention of soil water. 

In previous studies, Epstein (1976) in their study of the physical properties, reported increases the water holding capacity of 
the soil by using compost, soil quality. In another experiment designed to investigate the effects of compost on soil physical 
properties, significant increase in moisture at field capacity and water availability points also has been gained (Fricke & Vogtamann, 
1994). Zeytin and Aran (2003) also found during the study moisture at field capacity and wilting point in the soil increased, 
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Respectively, 31.7 and 24.1%. Gelik et al (2004) reported that application of 25 tons of compost in the soil water-holding capacity of 
the soil significantly increased by 35%. Soil hydraulic properties and their applications in the modeling of water movement in the soil 
are fundamental to solving many of the problems of water management. The relationship between the suction (matric force) and soil 
moisture is called retention curve of soil. This curve on Irrigation and drainage is very important because it influences soil structure, 
porosity, pore size distribution and adsorption on status water in the soil. The status of water in the soil and changes in the soil 
profile determines the direction of water movement in the soil and the rate of water movement in soil and its uptake by plants is 
effective. 

Soil moisture retention curve is, one of the most consistent of soil hydraulic properties, such as drainage, infiltration, hydraulic 
conductivity in unsaturated zone, etc., are used. This characteristic also for many water studies-soil, such as soil conservation, 
irrigation scheduling, solute transport ,plant growth and crop water stress is essential (Haqshenas Gorgabi & Beigi Hrchgany, 2010). 
Display of retention curve by mathematical functions has many benefits. In this case, the function can be used to estimate water and 
solute movement in soil by using the model solutes (Simunek et al., 2005). One can expect that the factors affecting the shape of the 
curve, the curve coefficients, particularly are also affected the shape coefficients, (Sohrab, 2003). Including the coefficients is α 
(Contrary α suction air entrance) and (n slope of retention curve) in the Van Genukhten (1980) retention curve. In this study, the 
effect of application municipal solid waste compost in three levels (2, 4, 7) percent by weight based on the amount of available water 
and coefficients of retention curve as well as the model (Van Genukhten, 1980; Campbell, 1974; Brooks & Corey, 1964) in three 
types of soil, light, medium and heavy texture were evaluated. Given the being economical, levels of using municipal solid waste 
compost increased soil and on the basis of previous studies, were selected. 

 
Methodology 

 
In this study, a sandy loam soil of the surrounding of Zarrin gol river in the Ali Abad city, loamy soil brought of Shahrud farms 

and clay loam soil Nokandeh city of Golestan province from depth of 0-25 cm was removed. After air-drying the soil was passed 
through a two mm sieve. Municipal waste compost powder form was prepared of solid waste factory from the city of Gorgan in 
Golestan province. Some properties of soil and municipal solid waste compost mentioned in table 1. Municipal solid waste compost 
on three levels (2, 4, 7) percent by weight added to the soil and thoroughly mixed and litered to 3 litre pots. Before pouring the soil 
into the pot, the soil of pots with composts was thoroughly mixed. Controlling humidity of samples, pots were saturated with 
municipal water and after leaving the excess water and constant moisture samples (field capacity), watering pots in succession with 
water spray to prevent drying of the soil surface pots and keep moisture at field capacity was carried out.  

Normal ambient temperature in the greenhouse was 25 degrees celcius. After a period of 2 months in order to determine the 
moisture content of the pots was sampled. Suctions of 0, 300, 500, 1000, 3000, 5000, and 15000 cm were measured using a 

pressure plate device. To prepare the samples was as follows, first mentioned ceramic plates were saturated for 24 hours and then 

samples were poured in cylinders made of PVC with a diameter of 3 cm height of 2 cm, which were placed on the ceramic plates. 
The samples were saturated for 24 hours with municipal water and for 48 to 72 hours to determine the retention curve is equivalent 
to suction pressure compression devices were placed in the target device. After reaching equilibrium, samples were removed from 
the device and immediately weighed. Then the samples for 24 h at 105 ° C in oven dried and the final weight was also measured. 
The following equation was used to determine moisture content: 

 

 

Where m1 and m2 is, respectively, the mass of the dried sample after oven and the mass before the oven. To study the effect of 
municipal solid waste compost on the soil moisture curve coefficients used of the models of Van Genuchten (1980), Campbell (1974) 
and Brooks and Corey (1964) that the equations are as follows: Van Genuchten equation: 
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Where the absolute value of the matric potential (suction), Ɵs and Ɵr respectively saturation and remaining moisture in the soil and 
moisture content is Ɵ. α is a mathematical parameter (L-1) often regarded as the reverse air entry point, n is the slope of the suction 
moisture curve . b and c are unknown parameters and are unit less.  
Factor slope coefficient b (= n) changes slope around the inflection point and the coefficients a (=a) and c (=m) slope at the knee of 
the curve (the air entry point) will rotate. Brooks and Corey equation: 
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Where, a and b are the unknown parameters and a potential entry point for air. This equation is a condition that ³ is true for the 
potential of a lower moisture content than is assumed. Campbell (1974) has proposed the following exponential function: 

 
                                                                           ψ = (Ɵ / Ɵs)-b ψe 
 

Where, ψ matric potential, ψe potential air, Ɵ moisture content, Ɵs saturation soil moisture characteristic curve view and b is the 
view of water retention curve, then parameters of Van Genuchten and Campbell and Brooks-Corey obtained using the RETC 
software. 



Intl. j. Basic. Sci. Appl. Res. Vol., 3 (4), 254-260, 2014 

 

256 

 

Table1. Some properties of studied soils and waste municipal compost. 
 

Soil texture Sand Silt Clay pH Ec Sp OC 

 )%( )%( )%(  (ds/m) )%( )%( 

Sandy loam 77.5 6.66 15.83 7.85 0.933 11.72 0.235 

Loam 45 29.16 25.83 8.23 2.26 15.97 1.34 

Clay loam 22.3 40 22.5 7.42 40.62 20.16 3.11 

Compost - - - 7 35 18.77 32 

 
Results and Discussion 

 
Effects of municipal compost on water retention at low suction (0-1000) cm, with increased use of municipal compost in the soil 

significantly increased in sandy soil. Medium and heavy-textured soil in zero suction increase in the amount of 4% (by weight) 
compost retains moisture better than 7% (by weight).  

The highest increase in soil moisture in the sandy loam and the saturation point occurred suction rate increased with 
increasing moisture content decreased. Overall, All suction and the three kind of soil municipal solid waste compost application 
increased soil moisture content significantly increased compared to control sample. The results are presented in figure 1. 
 

 

 
Figure 1. Changes in moisture content of municipal solid waste compost application on low suction (1000-0) cm in the soil, sandy 

loam, loam and clay loam. 
 

Effects of municipal compost on moisture in high suction moisture by increasing the intake of municipal solid waste compost 
application (15000-3000) cm significantly increased. The greatest increase in soil moisture retention in sandy loam at the point of Fc 
occurred in 7% of application of municipal solid waste compost. Sandy loam soil at 3000 cm suction, all application levels to previous 
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levels and control showed significant difference but in the PWP only 7% of municipal solid waste compost application showed a 
significant difference. Increased moisture in the Fc by using 7% of municipal solid waste compost was on sandy loam soil from 
11.72% to 23.52% and loam soil from 15.92% to 27.40% and clay loam soil from 20.16 to 51 percent. But the overall response to the 
application of compost was lower in clay loam soil (figure 2). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Changes in moisture content of municipal solid waste compost application on high suction (3000-15000) cm in the soil, 

sandy loam, loam and clay loam. 

 
The amount of water stored in the soil that can be used in plant is available water that is between Fc and PWP. Municipal solid 
waste compost application on soil available water increases by as much as 1.5 times the fabric control. Haqshenas Gorgabi and 
Beigi Hrchgany (2010), adsorption is due to higher water retention in the high suction and so most of the soil and the soil surface 
area is affected. Looks compost in Sandy loam soil by moisture sorption, increases water retention in the high suction.  
The amount of compost added to the clay loam soil did not cause significant changes in water retention, thus increasing humidity 
maintained in high suction by the application of compost in clay loam soil is less to be seen. Using RETC software fitted with van 
Genuchten model, Campbell and Brooks-Corey respectively. As can be seen, these three models can well explain the experimental 
data. R2 very high and MSE are very low. The Van Genuchten model (1980) was better than the other two models. Quality statistics 

for fitting the three models are shown in table 3. 
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Table 2. Model fitting quality of statistics on soil moisture curve. 

 

ME R2 
RMSE Model Kind of soils 

0 0.99 0.005 Van Genuchten 
Sandy loam                          0.01 0.88 0.039 Campbell 

  0.001  0.91 0.028 Brooks-Coorey 
0 0.98 0.008 Van Genuchten 

Loam    0.001    0.087 0.020 Campbell 
  0.010 0.89 0.027 Brooks-Coorey 
  0.002 0.74 0.009 Van Genuchten 

Clay loam  -0.011 0.81 0.060 Campbell 
  0.241 0.62 0.263 Brooks-Coorey  

 
Effects of municipal solid waste compost on the coefficients of the model of van Genuchten  
 

Ɵs amount increased by using of municipal solid waste compost application and utilization levels on three types of soil that it 
shows to increase water retention capacity. Ɵs amount of municipal solid waste compost application was varied to Ɵs any other 
levels. The amount of Ɵr with municipal solid waste compost application increased but the increase in the level of 4% in loamy and 
heavy texture stopped that this increase is due to water retention in the soil for municipal solid waste compost.  

With increasing of municipal solid waste compost due to increases water retention in the soil, a decline in the value of n (slope 
of the retention curve) was seen in the sandy loam and clay loam soils. N decreased with increasing composting and increase the 
level used in sandy loam soil showed significant difference compared with the control. N Reduction means reducing the loss of soil 
water but adding compost to the sandy loam soil did not change shape coefficients n and α (table 3). Compost increases the 
absorption of water by its nature can cause water retention, especially in sandy soils. While in heavy soil texture n is less than the 
other soils. 
 

Table 3. Van Genuchten model coefficients at different levels of municipal solid waste compost. 
 

Kind of soil Type of models Coefficient of models 0% 2% 4% 7% 

Sandy loam 

Van Genuchten 

Ɵs 0.225 0.262 0.356 0.380 

Ɵr 0.028 0.048 0.062 0.059 

α 0.006 0.005 0.006 0.006 

n 2.672 2.573 1.824 2.340 

m 0.573 0.626 0.611 0.452 

Campbell 

Ɵs 0.363 0.188 0.377 0.352 

b 10.178 13.253 7.352 8.214 

eψ

 
0.118 0.010 0.102 0.473 

Brooks-Coorey 

Ɵs 0.331 0.216 0.511 0.518 

Ɵr 0 0 0 0 

α 0.008 0.491 0.007 0.008 

n 0.146 0.130 0.131 0.113 

 
 
Loam  Van Genuchten 

Ɵs 0.194 0.262 0.643 0.338 

Ɵr 0.026 0.048 0.177 0.123 

α 0.007 0.005 0.006 0.017 

n 1.235 2.676 3.016 1.261 

m 0.190 0.626 0.668 0.207 

Campbell 

Ɵs 0.277 0.353 0.638 0.349 

b 18.589 7.692 8.619 20.398 

eψ

 
0.011 0.012 0.111 0.083 

Brooks-Coorey 

Ɵs 0.232 0.387 0.801 0.373 

Ɵr 0.026 0.037 0.037 0 

α 0.008 0.006 0.007 0.022 

n 0.054 0.130 0.116 0.049 

Clay loam Van Genuchten 
Ɵs 0.475 0.386 0.762 0.548 

Ɵr 0 0 0.133 0 
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α 0.314 0.078 0.009 0.001 

n 1.173 1.127 1.668 1.531 

m 0.147 0.113 0.400 0.347 

Campbell 

Ɵs 0.600 0.753 0.867 0.705 

b 9.012 15.246 16.188 15.795 

eψ

 
0.012 0.012 0.012 0.012 

Brooks-Coorey 

Ɵs 0.505 0.397 0.782 0.511 

Ɵr 0.037 0.013 0.145 0 

α 0.061 0.089 0.012 0.001 

n 0.111 0.066 0.110 0.063 

 
Effects of municipal solid waste compost application on model coefficients Campbell 

 

Ɵs of the soils with compost application and utilization levels increased, indicating that, increasing water retention capacity, 
with the compost in the soil increased. Changes ψe (reducing the air entry potential) did not show much difference compared to 
control in heavy soil. But the amount of parameter decreased in sandy loam and heavy soil (table 3). Reduce the potential for air 
entry on medium soils can solve the problem of water logging of the soil. The amount of b with increasing amounts of compost in the 
all soils decreased.  
  
Effects of municipal solid waste compost on the coefficients of the Brooks-Corey model  
 

Ɵs amount increases by municipal solid waste compost application and utilization levels on soil increased, indicated that, with 
compost in the soil water retention capacity increased. The amount of Ɵr also increased by municipal solid waste compost 
application, but did not change in sandy loam soil. Composting reduces the coefficients α and n in heavy soils, but in loam soil with 
municipal solid waste compost application reduced the amount of α and n (pore size distribution index) showed no significant change 
compared to control.  

In Sandy loam soil with 7 percent of municipal solid waste compost application, the value of n decreased, decreasing in this 
parameter shows increases in fine pores and micro pores, so it can increases water retention in the sandy soil (table 3). Changes in 
α coefficient also shows the improvement of soil moisture. Based on the changes in the coefficients of compost application Brooks-
Corey (1964) we can conclude that the application of municipal solid waste compost can be useful for improving the conditions of 
soil moisture in sandy loam soils. Water retention curve is shown in figure 2 for all three types of soil. 

 

 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
Figure 3. Effect of municipal solid waste compost on the soil moisture curve changes, in sandy loam, loam and clay loam soil 

(diagram based on the model of Van Genuchten (1980) are drawn).
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Conclusion 

 
Overall, results showed that municipal solid waste compost, all values of the soil moisture especially saturation moisture 

increased, and secondly, while enhancing moisture at field capacity increases the amount of available water in the soil. However, the 
increase in municipal solid waste compost causing deformation and flow coefficients in a way that reflects the curves slow down the 
discharge of water from the soil. So, due to the lower cost of irrigation and the low prices of municipal solid waste compost in Iran 
and also to reach sustainable development agriculture can use of the materials in sandy soil for increasing the water retention and 
intervals irrigation. In addition, for using of compost additives in heavy soil texture, more studies are needed. 
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