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Introduction 

Dry regions account for 45 % of the worlds’ land area, of 

which 7 % is arid, 20 % is semi-arid and 18 % is dry 

subhumid (1). In India, about 15 million ha (Mha) of dryland 

lies in the arid region, which receives <500 mm rainfall; 

another 15 Mha is in the semi-arid region with 500-750 mm 

annual rainfall. Rainfed agriculture (which relies exclusively 

on green water) is typically less productive than irrigated 

operations because it is more susceptible to climatic shocks 

and the vagaries of local weather conditions (2). Agriculture 

in India faces numerous challenges in managing soils. Most 

soils across the country are characterized by low nutrient 

levels, with the average soil organic carbon (SOC) around 

0.54 percent. India also confronts challenges stemming 

from land degradation and the deterioration of soil health. 

With about 30 % of the total geographical area under land 

degradation, the deficiency of several plant nutrients 

adversely affects the nutrition intake among the local 

population. 

 Nutrient depletions and deficiencies in soil, coupled 

with inappropriate fertilizer application, lead to declining 

productivity. Adequate replenishment of nutrients, 

appropriate fertilizer applications tailored to soil types and 

analyses and increasing organic contents in soil are some of 

the practices essential for ensuring sustainable food 

production. It is also noteworthy that an estimated 3 billion 

tonnes of soil are carried away by water and wind annually 

in India. Improving production and resilience requires 

optimizing soil water use by improving rainwater capture, 

increasing soil moisture retention, maximizing infiltration 

and minimizing surface runoff and evaporation. Soil 

moisture is key to soil health and function. It helps to 

sequester SOC and stops carbon-rich soils from drying out 

and increasing their emissions. Soil conditioners may 

improve infiltration and water-holding capacity in dry, 

coarse soils that do not hold water well. Hydrogel polymer 

technology has recently been widely used in the agricultural 

and horticultural sectors as soil conditioner because of its 

multifunctional roles in excellent water absorbency and 

water-retaining ability.  

 The hydrophilic groups, viz., acrylamide, acrylic acid, 

acrylate, carboxylic acid, etc., of the polymer chain are 

responsible for water absorption in a hydrogel. When the 

polymers come in contact with water, the water penetrates 

the hydrogel system by osmosis and hydrogen atoms react 

and come out as positive ions (3). This process leaves 

several negative ions along the length of the polymer chain. 
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Abstract  

Soil conditioners enhance soil properties, particularly for moisture conservation in rain-fed agriculture. This study evaluated the 
effects of various soil conditioners, including hydrogel (0.001 t ha-1 and 0.002 t ha-1), gypsum, coir pith and press mud on the infiltration 

capacity of sandy clay loam soils at the Agricultural Engineering College and Research Institute in Kumulur, Tamil Nadu, a semi-arid 

region. Infiltration was measured using a double-ring infiltrometer and four models, Kostiakov, Horton, Green-Ampt and Philips, were 
used to predict the infiltration rates. Initial infiltration values measured were 19.2, 18, 16.8, 12, 10.8 and 9.6 cm h-1 for treatments with 

hydrogel (0.002 t ha-1), hydrogel (0.001 t ha-1), gypsum, coir pith, press mud and the control (without conditioner), respectively. Results 

showed that hydrogel significantly improved infiltration, with the highest rate observed at 0.002 t ha-1 (19.2 cm h-1), compared to the 

control (8.2 cm/h-1). The Nash–Sutcliffe efficiency of the Philips model varied from 0.75 to 0.95 for the different soil conditioners and 
provided the most accurate prediction of infiltration rates, followed by the Horton model. This study highlights the importance of soil 

conditioners in improving water retention and infiltration, which are essential for effective water management in agricultural systems, 

particularly in semi-arid regions.  
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These negative charges repel each other, force the polymer 

chain to unwind, open up and attract water molecules and 

bind them with hydrogen bonding (4). The hydrogel can 

absorb more than 400-1500 times its dry water weight in this 

process and act as a miniature water reservoir. When the 

root zone begins to dry up, the hydrogel dispenses up to 95 

% of its stored water to plant absorption (5, 6).  

 In sandy soils of arid desert conditions, applying 

hydrogel at 150 g plant-1 with 80 percent irrigation 

requirement to Banana (Grand Naine) resulted in a 14.9 per 

cent yield increase without hydrogel treatment (7). The 

application of Pusa hydrogel at 2.5 kg ha-1 in sandy loam soil 

registered a 5.3 percent increase in yield and a 5.52 percent 

increase in water use efficiency, as reported by (7). A similar 

yield increase (6.2 per cent) was observed by (8) in aerobic 

rice (Super basmati) with 2.5 kg ha-1 hydrogel application to 

sandy loam soil with a 23.7-37.2 percent increase in soil 

moisture. Stockosorb soil conditioner applied at 100 g plant

-1 increased the yield of Citrus limon by 43 per cent in highly 

drained sandy loam soils of Arunachal Pradesh (8).  

 In fine-textured soils, where soil crusting is a 

significant problem due to the beating action of raindrops, 

the addition of gypsum was found promising to increase the 

infiltration rate of the soil since many individual small clay 

particles bind together to obtain larger particles, thus 

enhancing the soil moisture storage resulting in less runoff 

and soil loss as well as phosphorus leaching due to calcium 

in gypsum binding with phosphorus. Because of its easy 

accessibility and cost-effectiveness, gypsum is used to cure 

saline-affected soils and reclaim the soil structure. Gypsum 

application decreases the SARs, improves infiltration, 

reduces soil compaction and consequently improves crop 

production (9). Steady infiltration rates indicated 2-fold 

increases due to surface gypsum applications and 4 to 6 fold 

increases due to slotted gypsum. This should provide 

increased moisture storage and reduced soil erosion 

hazards during prolonged heavy rainfall periods, provided 

that a crust does not form under the impact of raindrops 

(10). Field studies on the Appling soil have shown the utility 

of surface-applied gypsum over the growing season in 

increasing water infiltration and decreasing soil loss. The 

longevity of this effect appears to extend over at least a crop

-growing season under average field conditions. Regular 

yearly applications, perhaps at a rate of 1-2 mt/ha, seem 

necessary for a continued effect, although longer-term 

changes in soil properties may also occur. In one study 

cotton emergence was marginally increased by gypsum 

application (11).  

  The amelioration of soils with chemical amendments 

is constrained due to the high reclamation cost and limited 

supply due to their extensive use in non-agricultural sectors. 

Studies used organic amendments like coir pith (raw and 

composted), paddy husk, sawdust, goat and poultry 

manure, farm yard manure and press mud from sugar 

industries. Pressmud is a soft, spongy, amorphous and dark 

brown-white material containing nitrogen, cellulose, lignin, 

protein, sugar fibre and coagulated colloids, including cane 

wax, albuminoids, inorganic salts and soil particles and all 

other carbon-containing components available in the final 

product (12). The application of sugarcane pressmud is also 

at a low cost with a slower release of nutrients and trace 

elements, high water holding capacity and mulching 

properties (13). Adding pressmud improves soil aeration 

and drainage in heavy soils, whereas it helps improve 

moisture retention in sandy soils. When added to 

agriculture fields, it increases the cane yield, improves the 

juice quality and enhances the ammonifying power of soils 

(14). Another essential organic amendment most commonly 

used is composted coir pith to retain water in soils in dry 

regions. 

  Coir pith is an organic material that improves 

moisture retention in soil and lowers the water demands of 

crops (15), making it particularly useful in regions with 

limited rainfall. These amendments have been particularly 

beneficial in flood-affected and drought-affected areas of 

the world, where soil conditions are often poor and 

agricultural productivity is significantly hindered in regions 

of Sub-Saharan Africa, Southeast Asia and South America, 

where frequent droughts and floods reduce soil fertility and 

water retention, the application of soil conditioners has 

helped improve plant survival and growth. 

 Accurate assessment of infiltration rates is essential 
to evaluate the effectiveness of different soil and crop 

management practices and for applications such as 

irrigation planning, stormwater management and soil 

erosion prediction. Field infiltration measurement with 

infiltrometers provides valuable site-specific data but is 

labour-intensive, time-consuming and may be influenced by 

local soil heterogeneities and manual errors. As an 

alternative, various mathematical models have been 

developed to estimate infiltration rates based on soil 

properties and environmental conditions. The accuracy of 

these models depends on the precision of input parameters, 

such as soil hydraulic properties, which can be challenging 

to determine accurately. Moreover, models may not deal 

with the complexities of field conditions, such as soil 

layering, macropores and variable antecedent moisture 

content. 

 In practice, a combined approach is often 

recommended. Field measurements using infiltrometers 

can provide baseline data to calibrate and validate 

infiltration models. Once validated, these models can 

estimate infiltration rates over large areas or under varying 

conditions, reducing the need for extensive fieldwork. 

Popular models for predicting infiltration include Kostiakov, 

Horton, Green-Ampt and Philips (16). The data on 

infiltration influenced by different soil amendments is 

limited for planning any soil and water management 

programs. Hence, this research work was contemplated 

with the objectives of evaluating the impact of varying soil 

conditioners on infiltration rates in sandy clay loam soil and 

identifying the most accurate model, namely, Philips, 

Horton, Kostiakov (empirical models) and Green-Ampt 

(physical model) for predicting infiltration in soils treated 

with different conditioners.  
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Materials and Methods 

The research was conducted at the Agricultural Engineering 

College and Research Institute in Kumulur (latitude is 10.92°

N; longitude is 78.82°E; 62 m above sea level), in 

Thiruchirapalli, Tamil Nadu. The study area is classified as a 

semi-arid region. Infiltration rates were measured in soils 

treated with chemical soil conditioners (hydrogel and 

gypsum) and organic conditioners (press mud and coir pith) 

and compared with control (without soil conditioner). The 

rate of application of soil conditioners is as follows: 

Hydrogel: 0.001 t ha-1 and 0.002 t ha-1; Gypsum:   1.0 t ha-1; 

Coir Pith: 12.5 t ha-1 and Press Mud: 37.5 t ha-1  

 A double ring infiltrometer was used to quantify the 

infiltration rate (Fig. 1-2), depicting the study areas’ field 

view. 

 The measured infiltration rate was used to calibrate 

and validate the following infiltration models. 

Infiltration models 

Hortons’ Model  

Horton (17) expressed decrease of infiltration capacity with 

time as an exponential decrease as formula in Equation 1 

(17).  

 

Where f is infiltration capacity at any time t. 

fc is the final steady-state infiltration capacity. 

fo is initial infiltration capacity. 

k Hortons’ constant represents the rate of decrease in 

infiltration capacity. 

t is time in hours. 

Green - Ampt Model  

Green and Ampt proposed a model for infiltration capacity 
based on Darcys’ law as given in Equation 2 (18). 

 

 

Where 

fp is infiltration capacity. 

Fp is cumulative infiltration. 

m and n are Green - Ampt parameters of infiltration. 

Philips’ Model  

Philips’ infiltration capacity is expressed as Equation 3 

formula (19).  

 

 

Where  

f p is infiltration capacity. 

S is a function of soil suction potential called sorptivity 

K is Darcys’ hydraulic conductivity. 

 The constant parameters of each model were 

calculated and the data were compared with the observed 

field infiltration rate. 

Kostiakov Model  

The Kostiakov model expresses cumulative infiltration 

capacity as a formula in Equation 4 (20) 

                                        f = atb 

Where 

f is cumulative infiltration at any time t. 

t is time in min. 

a and b are constants with a > 0 and 0 < b < 1. 

Nash-sutcliffe efficiency (NSE) 

Nash-Sutcliffe efficiency is a widely used statistical index 

to compare hydrological models by assessing their 

goodness of fit (21). The value of NSE is an indicator of the 

performance of the model. A higher value indicates the 

goodness of the model. NSE is calculated as Equation 5 

formula (22).  

 

 

Where Oi are the observed value, the predicted value and 

the mean of the observed value.  

 The range of NSE lies between 1.0 and -∞. The value 

1.0 represents the perfect model fit and vice-versa.  

Scanning electron microscope (SEM) images of soil 

amendments 

Fig. 3 shows the SEM images of the different conditioners. 

The organic conditioners' SEM images, namely pressmud 

and coir pith, revealed their distinct morphological features, 

enhancing their suitability as soilless media substrates (23). 

Pressmud exhibited a fibrous structure with aggregated 

cellulose fibres and a protein matrix, along with surface 

porosity ranging from 20-25 µm, which aids in water 

retention and nutrient exchange (13). In contrast, coir pith 

displayed an open matrix of thin-walled, ribbon-shaped 

cells arranged in a honeycomb-like structure, providing high 

porosity and void spaces that improve aeration and water 

retention (24). Both pressmud and coir pith benefit from 

incorporating hydrogels, which further enhance their water 

retention capacity and help mitigate water stress in plants 

(25). Similarly, adding gypsum improves soil structure and 

enhances nutrient availability, benefiting the physical 

properties of these organic substrates (26).  

(Eqn.4) 

(Eqn.2) 

(Eqn.3) 

(Eqn.5) 

Fig. 1. Double ring infiltrometer. 

(Eqn.1) 
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Fig. 3. Scanning electron microscope images of pressmud, coir pith, gypsum and hydrogel (Image courtesy: 23, 24, 25).  

Press mud 

Gypsum 

Coir pith 

Hydrogel 

Fig. 2. Field view of the study area.  

Pusa hydrogel 

Press mud 

Gypsum 

Coir pith 
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Results and Discussion 

Effect of soil conditioners on infiltration rate of soil 

The application of hydrogel (0.001 t ha-1 and 0.002 t ha-1), 

gypsum (1 t ha-¹), coir pith (12.5 t ha-¹) and press mud (37.5 t 

ha-¹) improved moisture retention and altered soil 

infiltration rates (Fig. 4). The introduction of these soil 

conditioners led to an initial rise in infiltration rates. Initial 

infiltration values measured were 19.2, 18, 16.8, 12, 10.8 and 

9.6 cm h-¹ for treatments with hydrogel (0.002 t ha-1), 

hydrogel (0.001 t ha-1), gypsum, coir pith, press mud and the 

control, respectively. Over time, these values decreased and 

reached a steady rate of 1.2, 1.2, 0.9, 0.9, 0.7 and 0.8 cm h-¹ 

for the respective treatments. The application of hydrogel 

enhanced the initial infiltration rate by twofold, followed by 

gypsum (1.8 times). Among the organic conditioners, coir 

pith improved the initial infiltration rate by 1.25 times, 

followed by a 1.13-time increase in press mud applied plots 

compared to the control. Applying soil conditioners 

improved soil structure by enhancing aggregation, porosity 

and hydraulic conductivity while reducing bulk density. This 

led to better infiltration, permeability and water retention 

capacity, ultimately allowing the soil to retain more 

moisture for plant use (27, 28). 

 The results indicated that hydrogel was the most 
effective in enhancing soil infiltration rates, likely due to its 

ability to aggregate the soil particles, which creates pore 

space that facilitates water movement (29). When applied to 

the surface, gypsum dissolves during irrigation or rainfall, 

discharging electrolytes into the soil solution. This process 

reduces clay dispersion and minimizes crust formation, 

improving infiltration rates (30). Coir pith helps bind clay 

particles together, with the fibrous nature of coir enhancing 

the infiltration rate by altering soil structure (31). Press mud 

improves soil aeration and drainage, boosting infiltration 

(32). Each soil conditioner contributes uniquely to 

increasing the infiltration rate of the soil. Moreover, the long

-term effects of these treatments may be influenced by 

factors such as soil texture, organic matter content and 

climate variability. Thus, future research should better 

investigate these factors' combined impact to optimize soil 

conditioner applications for different agricultural contexts. 

 In addition, previous studies have highlighted the 

synergistic effects of combining organic and inorganic 

conditioners. For instance, research indicates that co-

applicating hydrogel and organic amendments like coir pith 

improved soil water retention and reduced water runoff, 

especially in regions prone to erratic rainfall patterns (33). 

Similarly, applying gypsum and press mud helped alleviate 

soil compaction and improved infiltration in heavy clay soils 

(29). The interactive effects of conditioners are crucial to 

optimizing infiltration and water retention across diverse 

soil types. 

 Applying soil conditioners enhances infiltration and 

contributes to the overall health of the soil ecosystem. 

Improving soil porosity and reducing bulk density leads to 

better root penetration, subsequently improving plant 

nutrient uptake (34). This, in turn, helps crops withstand 

drought or water stress more effectively, ultimately 

contributing to more resilient agricultural systems. Further 

studies could explore how these conditioners impact soil 

microbial communities and their role in long-term soil 

fertility. 

 Furthermore, the effect of conditioner application 

may vary based on the specific climatic conditions of a 

region. In regions with high rainfall intensity, the benefits of 

soil conditioners may be more pronounced in reducing 

surface runoff and enhancing infiltration rates (35). In 

contrast, the focus may shift to improving water retention 

and storage capacity in arid climates with less frequent 

rainfall. Understanding these regional differences is critical 

for developing site-specific strategies for using soil 

conditioners in sustainable agriculture. 

Comparison of infiltration models  

Kostiakov, Horton, Green-Ampt and Philipss’ infiltration 

models were selected to compare the infiltration data. The 

infiltration rates for each soil conditioner were calculated 

using the tabulated parameters for different models (Table 

1). Infiltration models provide an alternative for the 

observed field data as they are often time-consuming and 

laborious. The graphical representation of observed and 

predicted model infiltration rates is given in Fig. 5. 

Fig. 4. Infiltration rate of different soil conditioners.  
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Soil Conditioners 

Hortons’ Model 

 

Philips’ Model  

 

Kostiakov model 

 

Green-Ampt model  

 
K s K a b m n 

Hydrogel (0.002 t ha-1) 1.23 10.64 -1.47 1.76 0.48 -1.21 29.39 
Hydrogel (0.001 t ha-1) 1.31 11.83 -1.46 1.90 0.48 -1.12 34.08 

Gypsum 2.26 10.60 -1.56 1.74 0.46 -1.08 27.21 
Coir pith 2.30 7.42 -0.64 1.53 0.52 0.11 13.03 

Press mud 2.30 6.94 -0.50 1.50 0.53 0.41 10.75 
Control 2.39 6.08 -0.18 1.45 0.56 0.76 8.16 

Table 1. Values of constants of infiltration models  

(a) (b) 

(c) (d) 

(e) (f) 

Fig. 5. Observed and predicted infiltration rate (a) hydrogel (0.002 t ha-1); (b) hydrogel (0.001 t ha-1); (c) coir pith; (d) press mud; (e) gypsum;  
(f) control.  
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Model Efficiency 

Nash-Sutcliffe efficiency was used to evaluate infiltration 

models in each soil conditioner (Fig. 6). Comparing the 

models, the highest efficiency was observed in the Philips 

model. The Philips models’ NSE value ranged from 0.75 to 

0.95 for every soil conditioner. The following best was the 

Hortons model, which has an NSE value between 0.50 and 

0.85. The green-Ampt model has a value ranging from 0.50 

to 0.75 and the Kostiakov model has a comparatively lesser 

value range. As a result of comparing the infiltration models 

with NSE, the Philips model performs better than the 

Hortons model. Similarly, the infiltration study concluded 

that the Philip model was the most effective in representing 

the infiltration process (36). Philips’ models’ satisfactory 

performance in predicting water infiltration in the soils of 

Aba, Abia state, Nigeria, has also been observed (37). The 

infiltration data measured in organic mulches, namely 

castor dust, sorghum straw, glyricidia and control (without 

mulch) were fitted to Horton, Philip and modified Kostiakov 

models and found that Philips’ model recorded the 

maximum model efficiency values ranging from 97.6 to 99.8 

percent in both sandy loam and sandy clay loam soils (38). 

Three models (Green-Ampt, Philip and Horton) showed that 

all three models provided similar fits to the numerical 

results regarding infiltration rates (39). Infiltration data from 

highly permeable soils under five different land use histories 

on the Nsukka plains of southeastern Nigeria showed that 

either the modified Kostiakov model or the Philip model 

could be used for routine characterization of the infiltration 

process (40). Research indicates that the Kostiakov, Horton 

and Philip infiltration models were used under various 

tillage conditions in Iran and the Horton model provided the 

most accurate prediction of infiltration rates in that region 

(41). The effectiveness of infiltration models depends on 

factors such as soil type, climate and water availability and 

no single model has been identified as universally suitable 

for all areas.  

Fig. 6. Boxplot representing NSE values for (a) hydrogel (0.002 t ha-1); (b) hydrogel (0.001 t ha-1); (c) coir pith; (d) press mud; (e) gypsum.  

(a) (b) 

(c) (d) 

(e) 
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Conclusion  

This study highlights the significant role of soil conditioners 

in enhancing the infiltration rates of sandy clay loam soils, 

which is crucial for effective water management in 

agricultural practices. The findings demonstrate that 

hydrogel, followed by gypsum, coir pith and press mud, 

substantially improved soil moisture retention and 

infiltration capacity. Furthermore, the comparative 

evaluation of various infiltration models revealed that the 

Philip model provided the most accurate predictions of 

infiltration rates, supported by its high Nash-Sutcliffe 

efficiency values. In contrast, the Horton model also 

performed well, although with slightly lower efficacy. These 

insights emphasize the importance of selecting appropriate 

soil amendments and infiltration models tailored to specific 

agricultural conditions, contributing to more sustainable 

water management strategies in rain-fed farming systems. 

Future research should focus on long-term impacts and the 

optimization of combinations of soil conditioners to further 

enhance soil health and crop productivity. 

Concrete solution 

Best soil conditioner 

Hydrogel at the rate of 0.002 t ha-1 can be amended in sandy 

clay loam soils to improve soil infiltration, which plays a 

pivotal role in the hydrologic cycle for enhancing water and 

nutrient use efficiency for sustained crop production. Among 

the organic amendments, coir pith is promising to improve 

the infiltration rate.  

Infiltration model 

The Philip model is recommended for accurately predicting 

the infiltration rates of sandy clay loam soils in semi-arid 

areas since the model provided the best fit with observed 

data. 

Integrated approach 

Integrating chemical and organic amendments creates a 

synergistic effect, combining the immediate benefits of 

chemical amendments with the long-term improvements 

offered by organic amendments in improving soil organic 

carbon, water retention, buffering soil pH, ensuring sustained 

crop yields over multiple growing seasons.  
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