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Abstract:  The extent of influence of polymers on crop yield and its growth parameters is researched. This is achieved by 
conducting an experiment at Irrigation Research Station at Sam Higginbottom University of Agriculture Technology 
and Sciences, Prayagraj, India. The extent of influence of the polymer was tested on winter wheat crop grown with 
four irrigation levels under normal conditions and that of the recommended dose of polymer. The crop was grown in 
the Rabi season of 2015-16. The results show that under the recommended applications of 4 kg/ha of polymer and at 
an irrigation level of 120 mm, the yield is higher by 7.35 Q/ha when compared with non-polymer conditions. 
Similarly, at 180mm, this difference was -2.85 Q/ha, at 300 mm it was -9.93 Q/ha and at a maximum irrigation of 
420 mm it was 0.20 Q/ha. Similar results for 120 mm irrigation levels with polymer and without polymer obtained for 
the Benefit Cost Ratio, also, with a higher value of 1.21 as compared to 1.19. The results show that the polymer does 
influence the yield and growth parameters under high water stress conditions. 
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1. INTRODUCTION 

Wheat is the staple food of millions of people worldwide. Approximately, one-sixth of the total 
arable land in the world is cultivated with wheat. It supplies about 20% of the food calories for the 
world's growing population. India is the second-largest producer of wheat after China. Globally, it 
is the leading source of vegetal protein in human food having protein contain about 13% (Ohiagu et 
al., 1987), which is relatively high as compared to other major cereals.  

In India, three species of Triticum, mainly Aestivum, Durum and Dicoccum, are cultivated. 
Triticum aestivum is cultivated in all the region of the country, while Durum is cultivated only in 
Punjab and central India (Emesih et al., 1999). The archaeological record suggests that wheat was 
first cultivated in the region of the Fertile Crescent around 9600 BCE (Godfray et al., 2010). In 
2016, world production of wheat was 749 million tons (IGC – International Grains Council), 
making it the second most produced cereals after maize. Wheat is the most extensively grown 
cereals crops in the world after maize and rice, covering about 237 million ha (2015), annually.  

One of the most recent concepts for conserving moisture in field is the application of polymer. 
Polymer application in granular form with seed in a moisture stressed area can help to reduce the 
problem of water scarcity. Polymers products constitute a group of polymeric materials, the 
hydrophilic structure is capable of holding large amounts of water in their three-dimensional 
networks (Enas, 2015). As expected, natural polymers were gradually replaced by synthetic types, 
due to their higher water absorption capacity, long service life and wide varieties of raw chemical 
resources. Polymers can absorb irrigation or rain water and help to reduce deep percolation by 
using gravitational water, as well as capillary water (Abedi-Koupai et al., 2008). 

Polymers are one of the most popular three-dimensional networks to reduce water runoff and 
increase infiltration rates in the agricultural field and in addition to increasing water holding 
capacity for agricultural applications (Sharma, 2004). The use of polymers led to a significant 
decrease in the number of irrigations, especially for soils with large-scale texture (Brooks and 
Tayaa, 2002). Polymers are cross-linked with a hydrophilic group, which has the capacity to absorb 
large quantities of water even under intense pressure and without dissolving in water (Schacht, 
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2004). Water absorption capacity arises from the hydrophilic functional groups attached to the 
polymer backbone. Polymers have great potential in areas where an opportunity for irrigation is 
limited and can increase water availability during crop establishment. The capacity of the polymer 
to absorb and retain water is as much as 80–180 times its original volume (Bowman et al., 1991), 
while on a weight basis it can absorb as high as 400 times its original weight (Kalhapure et al., 
2016).  

The polymer can also modify various physical properties of the soil, like infiltration rates, 
density, soil structure, pH and compaction, etc. (El-Hady and Abo-Sedera, 2006). When its 
surroundings begin to dry out, the polymer gradually dispenses up to 95% of its stored water 
(Ekebafe et al., 2011). When exposed to water again, it will rehydrate and repeat the process of 
storing water. This process can last up to 2–5 years, by which time biodegradable polymer 
decomposes. By its application, the polymer has the potential to improve water-use efficiency and 
increase the yield of crops (Anupama and Parmar, 2012). Its application can reduce the number of 
irrigations required for the optimum crop growth, without compromising the grain yield in the 
wheat-growing regions (Directorate of Wheat Research, 2013) and wheat straw contains a high 
content of cellulose, so it could be chemically modified and used as backbone material for polymers 
(Liu et al., 2013). 

The impact of water scarcity on agriculture has become more prominent under the climate 
change scenario, since agricultural sector consumes the maximum water (85%) when compared to 
the industry (10%) and the domestic (5%) sectors in India (Kalhapure et al., 2016). The dose of 
polymer, as suggested by Zhao et al. (2015), varies from 2.5 to 4 kg ha–1, depending on the soil 
texture. A lower dose is recommended for clay soil with higher moisture holding capacity, while a 
higher dose is recommended for sandy soil with lower moisture holding capacity (Dar and Ram, 
2017), thus improving the irrigation scheduling. Irrigation scheduling is the process of determining 
the time to irrigate and how much water is to be applied in each irrigation. Ali et al. (2001) referred 
to irrigation scheduling as “a planning and decision-making activity that the farm manager or 
operator of an irrigated farm is involved in before and during most of the growing season”. 
Appropriate irrigation scheduling saves water and energy (Johnson, 1984). Irrigation schedules are 
planned to either fully or partially provide the estimated water requirement of the crop, thus 
enhancing crop yield.  

Several researchers have observed that the yield or other agronomical crop parameters are 
influenced by the amount of irrigation applied. Low irrigation levels lead to reduced yields. Thus 
lower water use efficiencies. They remain short of the yield when compared to yields from ideal 
levels of irrigation. Here enters the role of polymers that can absorb water and release it when 
required. In this process, the water use efficiency at lower irrigated levels must increase. However, 
the question that arises is up to what level of irrigation the polymer will work and which is the 
extent of increase in water use efficiency values. Keeping this in mind, a comparative study on 
wheat crop, irrigated under similar irrigation levels, but with and without polymer, was conducted 
during the Rabi season at Irrigation Research Station of the Department of Irrigation and Drainage 
Engineering, Vaugh Institute of Agricultural Engineering and Technology, Prayagraj, India. It was 
anticipated that polymer will increase the water use efficiency at each irrigation level. 

2. MATERIAL AND METHODS 

The field experiment was conducted at Irrigation Research Station (IRS) of Sam Higginbottom 
University of Agriculture Technology and Sciences, (SHUATS) to observe the feasibility of 
polymers in wheat production during Rabi season 2015-16. Polymer and control (without polymer) 
were analysed with four irrigation levels and four replications in randomized block design. A 
polymer was applied as per treatments by mixing in sand and applied by hands in lines before 
placing seed. This is a major requirement of the application of polymers. The size of the plots was 6 
m x 6 m, with one meter spacing before sowing. Soil moisture, plant height, biomass, canopy cover 
and soil temperature were also collected during the study. The irrigation of the plots, with polymers 
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and without polymers, accordingly, was planned using the IW/CPE ratio method, presented in 
Equation 1. 

Ks =  Iw
CPE

 (1) 

where, 
Ks = crop stress factor 
Iw = Irrigation water (mm) 
CPE = cumulative pan evaporation (mm) 

2.1 Application rates of polymers  

Considering the efficiency of polymers in soil conditioning and moisture retention, it can be 
understood that an optimum mixing ratio is needed to get maximum efficiency of the method. Since 
the moisture holding capacity is a function of soil characteristics, the dosage of polymers is also 
varied and designed based on the type of soil it is used. A simple dosage chart has been illustrated 
here in Table 1, but the ultimate quantity and application can only be determined after testing 
specific soils to be conditioned. In this research, the rate of application of polymer was 5 kg/ha. 

 
Table 1. Recommended dosage of the polymers in different soils 

Sr. No. Type of Soil Suggested dosage of Hydrogel per 
hectare 

1 Arid & Semi-arid Regions 4-6 g/kg soil 
2 For all levels of water stress treatment and improved irrigation 

period 
2.25-3 g/kg soil 

3 To delay permanent wilting point in sandy soils 0.2-0.4 g/kg OR 0.8% of soil 
whichever is more 

4 To reduce irrigation water by 50% in loamy soil 2-4 g/plant pit 
5 To improve relative water content and leaf water use efficiency 0.5-2.0 g/pot 
6 To reduce drought stress 0.2-0.4% of soil 
7 To prohibit drought stress totally 225-300 kg/ha of cultivated area 
8 To decrease water stress 3% by weight 

Source: ALSTA HYDROGEL: Super Absorbent Polymer for Agriculture 

2.2 Details of the treatments 

The investigation on the role of polymers in increasing water use efficiency comprised of four 
irrigation levels at 420 mm (I1), 300 mm (I2), 180 mm (I3) and 120 mm (I4), respectively, with and 
without polymers. The variety of wheat crop AAI-W4 was selected for the experiment. It is a 
Triticum aestivum variety developed by SHUATS, Prayagraj, for timely sown, high fertility and 
irrigated conditions, under good management practices. Wheat variety AAIW4 at the rate, 90 kg 
ha1־ was sown at a row-to-row spacing of 20 cm. Fertilizer was applied as 80 kg/ha (46% N) 
nitrogen, 40 kg/ha (P) diammonium phosphorus (DAP 18-46%) and 30 kg/ha (K) muriate of potash 
(MOP, K2O 60%)  (El-Hady and Wanas, 2006). Nitrogen was applied in three split doses. Firstly at 
1/3 kg of total basal, 1/3 kg at first irrigation, lastly 1/3 kg at second irrigation as of topdressing. 
Phosphorus and potash were applied in full dose on sowing time. Climatic data were collected from 
the meteorological station at SHUATS. Surface irrigation by gravity flow was used. Irrigation was 
provided as per the schedule shown in Table 2. The depth of the required irrigation was 60 mm for 
about 21 days after sowing and all subsequent irrigations were applied at an interval of our 
irrigation schedule. The irrigation was stopped 10 days before harvesting. The irrigation can be 
applied in the field at a certain interval, such as I1 – 12 days, I2 – 17 days, I3 – 25 days and I4 – 42 
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days. At each irrigation, 60 mm of water was applied. The details of the irrigation, with and without 
polymer, are given in Table 2. The parameters recorded as observations are given in Table 3.  

 
Table 2. Irrigation scheduling for wheat, with and without polymer 

Date of Irrigation 
Treatment 

I1 (420mm) I2 (300mm) I3 (180mm) I4 (120mm) 
12-01-2016 1st - - - 
17-01-2016 - 1st - - 
25-01-2016 2nd - 1st - 
03-02-2016 - 2nd - - 
07-02-2016 3rd - - - 
10-02-2016 - - - 1st 
19-02-2016 4th 3rd 2nd - 
01-03-2016 5th - - - 
05-03-2016 - 4th - - 
10-03-2016 6th - - - 
11-03-2016 - - 3rd - 
15-03-2016 - - - 2nd 
17-03-2016 - 5th - - 
19-03-2016 7th - - - 

 
Table 3. Pre, post and agronomical parameters recorded  

Pre Harvest Observation Post Harvest Observation Economic analysis 
Plant height (cm) Grain Yields (Q/ha) Gross return (Rs/ha) 

Soil moisture content (%)  Total cost of cultivation (Rs/ha) 
Canopy temperature (oC)  Net return (Rs/ha) 

Chlorophyll content  Benefit cost ratio 
 

Harvesting at the right time and in the right way maximizes grain yield, and minimizes grain 
losses and quality deterioration. The crop was harvested at physiological maturity, when the head 
became lemon yellow and the seeds were hard enough, having about 20% of moisture content. The 
harvesting time first of all from each plot’s selected 1×1 m² area and harvested this area. After that, 
all the area was harvested. The harvesting of each net size plot (6×6 m2) was done separately, dried 
well in the sun and the harvested materials from each net plot was carefully bundled, tagged and 
finally brought to the threshing floor. 

2.3 Water use efficiency 

Water use efficiency was calculated corresponding to the marketable yield of crop from the 
following formula: 

Water use  efficiency =
Yield  �Kg

ha �×1000

Seasonal  water  applied  (m 3
ha )

 (2) 

2.4 Economic analysis 

In order to assess the economic viability of surface irrigation system under different irrigation 
levels, fixed cost and operating cost were included. The total cost of production, gross return and 
net return under different irrigation levels were estimated as follows: 

1. Salvage value = 0 
2. Useful life of tube well, pump motor and pump house = 25 years 
3. Useful life of open channel conveyance system = 5 years 
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4. Useful life of weeding equipments = 7 years 
5. Interest rate = 14.5% 
6. Repair and maintenance = 6%  

CRF = i (1+i) n/ (1+i) n-1 (3) 

where,  
CRF=Capital Recovery Factor 
i= interest rate 
n= useful life of the components (years) 

 

Annual fixed cost/ha= CRF x fixed cost/ha                  

Annual fixed cost/ha/season = annual  fixed  cost  /ha
2

     (4) 

Subsequently, the net return of wheat was calculated considering the total cost of production 
(fixed and operating) and grosses return. 

Net Return (Rs. /ha) = Gross return (Rs/ha)–Total cost of production (Rs/ha) 

The benefit cost ratio (B/C) under different irrigation levels was calculated as follows: 

B/C =
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺  𝐺𝐺𝑟𝑟𝑟𝑟𝑟𝑟𝐺𝐺𝑟𝑟  (𝑅𝑅𝐺𝐺ℎ𝑎𝑎)

𝑇𝑇𝐺𝐺𝑟𝑟𝑎𝑎𝑇𝑇  𝑐𝑐𝐺𝐺𝐺𝐺𝑟𝑟  𝐺𝐺𝑜𝑜  𝑝𝑝𝐺𝐺𝐺𝐺𝑝𝑝𝑟𝑟𝑐𝑐𝑟𝑟𝑝𝑝𝐺𝐺𝑟𝑟  (𝑅𝑅𝐺𝐺ℎ𝑎𝑎)
 (5) 

3. RESULTS AND DISCUSSION 

 3.1 Plant height during wheat cultivation 

At 420 mm, the plant height under non polymer conditions peaked at 85 cm at 65 DAS, while for 
polymer it was delayed by 20 days, however the plant height was almost the same at 86 mm. For 
300 mm, 180 mm and 120 mm under polymer conditions, the maximum plant height achieved was 
82.5 mm after 85 DAS. Under non polymer conditions, at 300 mm, 180 mm and 120 mm, the 
maximum plant height was observed at 65 DAS, at 83.5 mm, 79.5 and 75 mm, respectively. This 
can be observed in Figures 1 and 2. It is observed that, under polymer conditions, the peak plant 
height was delayed by almost 20 days. This indicates that the polymer is holding back the water for 
all the irrigation levels. Plant height observation was stopped after the height became constant.  

The influence of polymer upon the soil moisture status can be observed from Figures 3 and 4. 
The soil moisture observations began at 40 DAS. The initial observation show that under polymer 
conditions, the soil moisture for all treatments ranged between 10% and 16%, while under similar 
irrigation levels without polymers they were clubbed between 20% and 21%, thus, indicating the 
influence of polymer absorbing the moisture. At an irrigation amount of 420 mm, under polymer 
conditions, two steep peaks are observed between 45 DAS and 85 DAS, while under the same 
levels, without polymer, only one peak in soil moisture was observed at 55 DAS. This indicates that 
the polymer absorbed the moisture, while in the other case the decline of moisture was very gradual. 
The same trend is followed for other irrigation levels. At 105 DAS, the moisture conditions in the 
soil kept on reducing and clustered between 11% and 14%, while for soils under polymer conditions 
it rose at 95 DAS and ranged between 14% and 18%, indicating the release of moisture from the 
polymer under stress conditions. The last irrigation was given at 80 DAS. This shows that the 
moisture is released from the polymer under stress conditions.   
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Figure 1. Relationship between plant height and days after sowing with polymer  

 

Figure 2. Relationship between plant height and days after sowing without polymer  

 

Figure 3. Relationship between soil moisture content and days after sowing with polymer 
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Figure 4. Relationship between soil moisture content and days after sowing without polymer 

3.2 Canopy temperature during wheat cultivation 

Canopy temperature can provide continuous information on water status, water use and how a 
plant is functioning metabolically. Plant temperature has been recognized as an indicator of plant – 
water availability (Gates, 1964; Blum et al., 1982; Tanner 1963). From Figure 5, it is observed that 
under the influence of polymer and all irrigation levels, the variations in canopy temperature among 
the treatments are minimum. The canopy temperature rises after 65 DAS and shows a gradual rise 
till 21oC, while in no polymer conditions they begin to raise at 55 DAS. This rise in canopy 
temperature is for all levels of irrigation. While the canopy temperature under polymer conditions 
has a minimum at 13oC, it does not increase beyond 21oC at all levels. Under no polymer 
conditions, the minimum canopy temperature was observed at 14oC, at 55 DAS and ranged with a 
maximum of 23oC to 25oC for almost 20 days. This exhibits that polymers contribute to lowering 
the canopy temperatures in the wheat crop sown. This can be seen in Figures 5 and 6.  

 

Figure 5. Relationship between canopy temperature and days after sowing with polymer  

5

10

15

20

25

30

35 45 55 65 75 85 95 105 115

So
il 

m
oi

st
ur

e 
co

nt
en

t (
%

)

Days after sowing (without polymer)

420 mm 300 mm 180 mm 120 mm

5

10

15

20

25

30

35 45 55 65 75

C
an

op
y 

te
m

pe
ra

tu
re

 (°
C

)

Days after sowing (with polymer)

420 mm 300 mm 180 mm 120 mm



22 K. Lal et al. 

 

 

Figure 6. Relationship between canopy temperature and days after sowing without polymer 

3.3 Crop yield 

In agriculture, crop yields refer to both the measure of the yield of a crop per unit area of land 
cultivation. The yields obtained against irrigation water applied under polymers and non polymer 
conditions are shown in Figures 7 and 8. For I1 (420 mm) treatment, total yield observed was 44.4 
Q/ha measuring total water was 4200 m³/ha, for treatment I2 (300 mm) total yield observed was 
39.9 Q/ha measuring total water 3000 m³/ha, for treatment I3 (180 mm) total yield observed was 
41.3 Q/ha measuring total water 1500 m³/ha and for I4 (120 mm) treatment total yield observed was 
highest at 45.7 Q/ha measuring total water in our growing period is 1200 m³/ha. It means, for I4 
(120 mm) treatment, total yield is higher compared to other treatments. Thus, indicating that, in 
spite of low water applications, yield was not affected due to the fact that the polymer released 
water when required. In I1, I2, and I3 conditions also the polymer behaved in a similar way, but due 
to the sufficient moisture available the required potential was not created. Hence, it can be assumed 
that the release of moisture from polymers was insufficient. When we look into similar conditions 
without polymers, the pattern of wheat yields matches the findings of several researchers, who have 
reported similar yields under similar water levels (Renthlei et al., 2017; Singh et al., 2017). In this 
condition the yield is maximized at I3 (180 mm) of irrigation amount. From Figures 7 and 8, it is 
very much evident that the application of polymer has proved to be beneficial under low water 
levels.  

As shown in Figure 8, under no polymer conditions, for I1 (420 mm) treatment, total yield 
observed was 44.2 Q/ha measuring total water was 4200 m³/ha, for treatment I2 (300 mm) total 
yield observed was 49.9 Q/ha measuring total water 3000 m³/ha, for treatment I3 (180 mm) total 
yield observed was 44.2 Q/ha measuring total water 1500 m³/ha and for I4 (120 mm) treatment total 
yield observed was highest at 38.4 Q/ha measuring total water in our growing period is 1200 m³/ha. 

3.4 Water use efficiency 

The WUE for wheat crop under polymer and non-polymer conditions is given in Figure 9. It is 
observed that the WUE for I4 (1200 mm) irrigation level increased by 18.75%, when compared to 
non-polymer conditions under similar levels. 
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Figure 7. Relationship between yield of wheat and total water with polymer  

 

Figure 8. Relationship between yield of wheat and total water without polymer 

 

Figure 9. Relationship between applied irrigation water and wheat yield (Qt/ha) with polymer and without polymer 
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3.5 Benefit - cost ratio  

A benefit-cost ratio (BCR) is an indicator used in the formal discipline of cost benefit analysis 
that attempts to summarize the overall value for money of a project. The BCR is presented in Table 
4 (with polymer) and Table 5 (without polymers). 

 
Table 4. Benefit cost ratio with polymers 

Treatments Amount of 
water (m3/ha) 

Net Return 
(Rs/ha) 

Total cost of 
production (Rs/ha) 

Gross 
Return 
(Rs/ha) 

Benefit cost ratio 
with polymer 

I1 4200 68858 350768 419626 1.19 
I2 3000 61961 343828 405789 1.18 
I3 1800 64092 336885 400977 1.19 
I4 1200 70912 333413 404325 1.21 

 

Table 5. Benefit cost ratio without polymers 

Treatments Amount of 
water 

(m3/ha) 

Net Return 
(Rs/ha) 

Total cost 
of production (Rs/ha) 

Gross Return 
(Rs/ha) 

Benefit cost 
Ratio without 

polymer 
I1 4200 68510 317168 385678 1.21 
I2 3000 77376 310228 387604 1.24 
I3 1800 68510 303285 371795 1.22 
I4 1200 59520 299813 359333 1.19 

 
As shown in Figure 10, with polymers, I4 (120 mm) treatment resulted in higher production of 

wheat, so BCR is higher compared to the others and I2 (300 mm) treatment production is the lowest 
compared to the other treatments.  

As also shown in Figure 10, without polymers I2 treatment higher production of wheat so BCR is 
higher compared to the others and I4 treatment production is lower compared to the others. So then 
BCR is less.  

 

Figure 10. Relationship between benefit cost ratio and seasonal water applied (m3/ha) with polymer and without 
polymer 

4. SUMMARY AND CONCLUSION  

The present study was a first attempt to introduce polymers in Irrigation Research Station (IRS), 
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yield and reduce irrigation level of wheat in Irrigation Research Station field, as compared to 
control (without polymer). Water scarcity is one of the major problems in agriculture, so the 
polymers can be a boon to farmers. The inclusion of polymers in rainfed agriculture will help in 
alleviating moisture stress of crops during prolonged dry period in the rainfed area. Hence, 
polymers may become a partially convenient, economically feasible option in water stressed areas, 
for increasing agricultural productivity with environmental sustainability. 

This research successfully demonstrated a method for irrigating field by using polymers. There 
are significant variations in crop yield when compared to different irrigations provided to the fields. 
The irrigations I1 (420 mm), I2 (300 mm), I3 (180 mm) and I4 (120 mm) are provided to 16 plots in 
irrigation research stations SHIATS and the results showed that the least irrigation was provided to 
I4 (120 mm), but the maximum yield was obtained from the I4 (120 mm) only so we can easily 
depict that if we provide polymers we need less water for irrigation. 

By using polymer with different irrigation level, although irrigation I4 (120 mm), in which 28% 
of irrigation water use and recommended dosage of polymer use was showing the best results for all 
treatments. It revealed that smaller size polymers particles have increased the water use efficiency. 
Based on the results, it was concluded that polymers can play a major role in moisture stress area 
for enhancing the grain yield by utilizing less quantity of water and thus cost of cultivation was also 
reduce.                                   
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