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Abstract 

 
The objective of this experimental study was to 

evaluate water absorption rate of agricultural Super 

Absorbent Polymers (SAP, Polymers or Hydrogels) 

under the mixer of soil and water of different quality 

for irrigation, and to calculate the quantity of SAP 

material required for optimizing the water use 

efficiency. It was found that the absorption rate of SAP 

gradually decreased as the Total Soluble Solids (TSS) 

of the irrigation water increased. Moreover, it was also 

found that the rate of water absorption by the SAP was 

reduced by 27 %-59% when it was amended under soil 

water mixture. Consequently, it was inferred that the 

dosages of SAP in the agricultural soil amendments 

cannot be standardized as it varies according to the 

characteristics of the soil. SAP is not suggested for the 

soils with high permeability and less water holding 

capacity.  

Key words: Super Absorbent Polymers, Water 

Absorption, Soil Water Mixture, Total Soluble Solids 

(TSS), Soil Permeability, Soil Water Holding Capacity 

 

 

1. Introduction 
 

Super-absorbent polymers (SAP, Hydrogel, 

Polymers) a new water-saving materials and soil 

conditioners, have been widely adopted in agriculture 

in the advanced countries of the world. SAP materials 

are hydrophilic networks that can absorb and retain 

huge amounts of water [1]. Research evidences suggest 

that when the soil is treated with SAP, the water 

volumetric content of the soil increases significantly 

and as the soil dries, the stored water is released back 

slowly into soil. Further, fertigation is also possible by 

the application of SAP to the soil as the same is 

capable of absorbing the fertilizer and releasing the 

same with water. It was also noted by Amjad Asri 

Abed Altarawneh in 2012 that the water holding 

capacity (WHC) did increase by 143% and that the 

permanent wilting point was delayed by 9 days [2]. 

Soil moisture can be increased by 6.2–32.8% with SAP 

application [3]. Relative water content (RWC), Water 

Use Efficiency (WUE) and irrigation intervals also can 

be increased by application of super absorbent polymer 

[4], [5]. SAP has a significant effect on plant height 

and percentage of soil moisture after being harvested 

[6]. When the SAP is mixed with the soil it can 

increase grain yield [7], [8]. Water evaporation rate is 

decreased after the addition of SAP in the soil, it works 

like a sub-miniature reservoir to retain and supply 

moisture to crops over time as the soil under-went 

alternate wetting and drying periods [9]. Repeated 

water absorbencies in tap water, mixture of distilled 

water and soil, and mixture of tap water and soil were 

reduced by 73.4–99.3% relative to those in distilled 

water. Moreover, water quality had a greater effect on 

original water absorbency than soil extractions. Water 

absorbency increased with SAP's concentration, and 

such increase was reduced with repeated utilization 

[10]. Super-absorbent polymers have the potential to 

remove water from porous media (soil structure) [11]. 

After SAPs were mixed in the soil, their capacity of 

absorbing and desorbing water showed a downward 

trend with time and outside water condition [12].   

 

There are very little known facts about the 

performance of SAP and the effect of soil on the rate of 

water absorption by the SAP under different types of 

soil and different quality of water. This experimental 

study was therefore carried out to evaluate the rate of 
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water absorption by the SAP under different quality of 

water and under the influence of soil.  

 

2. Material and Methods  
 

The experiment was conducted at the Government 

Polytechnic, Jamnagar (Gujarat State, India). Aqua-

reserve [13] makes agricultural SAP (average particle 

size 1.5mm). Soil sample from the agricultural field 

was classified as silt-clay-loam (as > 56% material 

passed through ISS Sieve No. 200), Screens – 2 no. 

(ISS Sieve No. 14 and ISS Sieve No. 240), Transparent 

solid plastic container of 500ml - 8 no, Transparent 

glass beakers of 500ml – 8 no., Digital scales [14] 

ranging 0.01 to 200 grams were used for the precise 

measurement of absorbance rate by SAP in water and 

mixtures of soil and water of different qualities. Water 

samples were collected from various resources of the 

Jamnagar (Gujarat, India) City and its surroundings. Its 

quality was analyzed in the laboratory and the results 

are presented in table 1  

 

2.1 Water absorbency measurement of SAP in 

water.       
 

Each glass beakers were primarily filled with 

250ml water samples of different qualities. 0.20 grams 

SAP particles were kept under full saturation up to 90 

minutes. Absorbed SAP particles were separated from 

the soil from each container by screening the water 

absorbed SAP through ISS Sieve No. 240. Retained 

SAP particles were measured precisely and absorption 

rate were calculated.  

 

2.2 Water absorbency measurement of SAP in 

the mixture of soil and water of different 

quality. 
  

Agricultural Soil was screened through ISS Sieve 

No.14 adequate perforations were made in the bottom 

of each plastic container to drain of the excess water as 

to make prototype field condition. Filter paper is put on 

the bottom of each container to eliminate soil and SAP 

particles by draining of from the container. Each 

container is primarily filled with the 250ml of sieved 

soil by volume. As SAP can absorb huge amount of 

water in the experiment 0.20 grams SAP particles were 

mixed with the soil thoroughly in dry state in the 

container as to give optimum chance to absorb water 

from the mixture of soil and water, of different quality. 

Each container is topped up with different qualities of 

water samples. Though, almost 80% absorption occurs 

within initial 20 minutes time [15], containers were 

kept undisturbed for 90 minutes to have 100% 

saturation of SAP. Immersed SAP particles were 

separated from the soil from each container by washing 

the soil water mixture through 2.44mm sieve. Retained 

SAP particles were measured precisely and the results 

were drawn.  
 

2.3 Calculations  
 

The water absorbency of SAP in the water and in 

the mixture of soil and water of different quality is 

calculated according to following equation: W (grams) 

= (SAPS grams – SAPD grams) / SAPD grams. Where, 

W is grams of water per gram of dry SAP (g/g), SAPS 

and SAPD is the saturated and dry weight of SAP 

particles.

 
–

Sr. Source of Water Nomenclature TSS (PPM) 

1 Rain Water SW1 154 

2 Domestic RO Plant water SW2 158 

3 Tap Water (Domestic water, Reservoir water) SW3 390 

4 Bore-well Water, Valkeshwari Nagari, Phase-2 SW4 989 

5 Hand Pump, Kadiyawad SW5 1206 

6 Bore-well Water, Valkeshwari Nagari, Phase-1 SW6 1374 

7 Bore-well Water, Rameshwar nagar SW7 2647 

8 Sea Water, Bedi Port, Jamnagar SW8 11710 
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3. Results and discussion 
 

 



SW1 and SW2 were significantly absorbed by the 

SAP (240 times of dry SAP weight). With a small 

increase in TSS, the absorbency of SW3 by the SAP 

was decreased (170 times of dry SAP weight). Further 

increase in TSS in SW4 and SW5 it was observed that 

the rate of water absorption decreased considerably 

(105 to 95 times of dry SAP weight respectively). Even 

higher value of TSS had significant impact on the rate 

of water absorption by the SAP. The rate of water 

absorption by SAP under the influence of SW6 and 

SW7 was lower by 65 to 35 times of the dry SAP 

weight. Furthermore, SAP had negligible absorption in 

SW8 as it had extreme level of TSS value. Trend line 

in the Chart - 1 shows linear reduction in the 

absorption rate by SAP with the increase of TSS.  

Above findings cannot be singlehanded utilized to 

estimate the quantity of SAP material required for the 

soil amendments to enhance soil moisture retention 

capacity; as the above findings would only stands when 

SAP are fully submerged only under water up to its full 

saturation for prolonged duration. While in the field, 

near the plant root zone it is not feasible to keep water 

reservoir (water logging condition) as it adversely 

affect the plant root [15] hence water is made available 

by the soil water mixture from which SAP has to 

absorb water and is to be kept under reservation and 

releases when the soil in the surrounding of SAP gets 

dried out.  

Drawing no. 1 mentions functioning of SAP in the 

field. Experimental results of the absorbance rate by 

SAP under mixture of soil and water of different 

quality have given striking alteration in the absorption 

behavior of the SAP. Reduction in the water absorption 

by SAP was observed between 27% to 59% in mixtures 

of soil and water of different quality as compared to the 

water absorption by SAP observed entirely in water. In 

actual field condition SAP particles does not get ample 

opportunity and time to acquire absorption equivalent 

as it is entirely under water. In the field condition SAP 

particle is surrounded by the soil water mixture 

moreover water is continuously under draining 

condition where root zone is not affected by the ground 

water table.  Soils by its nature retain water in their soil 

pores. Water holding capacity of soil largely depends 

upon average particle size and shape, particle size 

distribution, minerals, organic matter, various chemical 

compounds and soil air. In addition to these basic 

components, soil usually contains numerous living 

organisms such as bacteria, microorganisms, insects, 

protozoa, algae and small animals which directly or 

indirectly affect the soil structure [15]. Permeability 

and water retention capacity of various soil textures are 

mentioned in the table no. 3.     
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Soil Texture Permeability Water Retention 

Sand High Low 

Loam Medium Medium 

Silt Low High 

Clay Low High 

  

  

 

 

 

 

 





SAP can be beneficially employed if it can retain 

higher volume of water by its own dry weight as to 

increase water holding capacity of soil when it is 

conditioned with SAP particles. Absorption rate of 

SAP is dependent mostly on two factors viz. quality of 

irrigation water, and properties of the irrigation soil. As 

it is experimentally proven that SAP can be used 

economically when irrigation is either rain fed or 

conducted with the water of surface storage reservoir 

[17], hence the subsequent effective factor is the soil 

property. Soils with higher permeability and low water 

retention (sandy soils) give less time to SAP particles 

to absorb water. Loam has medium state of 

permeability and water retention hence SAP particles 

gets average opportunity to absorb water from the soil 

water mixture. Silt and clay have lower permeability 

and higher water retention hence higher absorbance 

rate can be achieved. Furthermore 80% absorbance by 

SAP is arising within initial 20 minutes of 

submergence in water [17], hence in view of lower 

absorbency in soil water mixture between 27% to 59%, 

the required contact period of SAP particles would be 

26 minutes to 32 minutes under soil water mixture to 

absorb water in optimum quantity. Contact period 

varies according to the characteristics of soil. It would 

not be possible to retain soil moisture, without draining 
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off the water from the soil structure, for such a longer 

duration.   

 

4. Conclusion 

 

Absorption rate of SAP is greatly reduced when it 

is emended with the mixture of soil and water. While 

SAP is used as a soil conditioner to enhance water 

holding capacity of the soil, quality of water to be used 

for the irrigation and properties of the soil shall be the 

governing factors that ought to be considered. SAP is 

strongly suggested for use in silty and clayey soils. 

SAP is not recommended with quick draining soils 

(desert sands and coarse grained soils). SAP can only 

absorbs water when it is fully surrounded by soil water 

mixtures hence soil amended with SAP if watered 

through drip or sprinkler type irrigation methods shall 

not be applicable. 
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