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Hydrogels: a boon for increasing agricultural
productivity in water-stressed environment

Aniket Kalhapure®, Rajeew Kumar, V. P. Singh and D. S. Pandey

India ranks 41st among 181 countries of the world with regard to water stress. More than 60% of
the net cultivated area is under dryland condition. Also, more than 30% of the area faces the prob-
lem of insufficient rainfall. Hydrogel may prove as a practically convenient and economically fea-
sible option to achieve the goal of agricultural productivity under conditions of water scarcity. It
can be easily applied directly in the soil at the time of sowing of field crops and in the growth
medium for nursery plantation. The low application rate (i.e. 2.5-5.0 kg/ha) of hydrogel is effective
for almost all the crops in relation to soil type and climate of India. The improvement in growth and
yield attributing characters and yield of different field, ornamental and vegetable crops has been
reported with the application of hydrogel. Agricultural hydrogels are not only used for water sav-
ing in irrigation, but they also have tremendous potential to improve physico-chemical and biologi-
cal properties of the soil. Bulk density, porosity and water holding capacity of the soil are improved
with the application of hydrogel. Agricultural hydrogels are eco-friendly, because they are naturally
degraded over a period of time, without leaving any toxic residue in the soil and crop products.
Hence application of hydrogel will be a fruitful option for increasing agricultural production with
sustainability in water-stressed environment.
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Status of water stress in India India accounts for 2.45% of land area and 4% of water
resources of the world, but it has 16% of the world’s
population. Total utilizable water resource in the country
has been estimated to be about 1123 BCM (690 BCM
from the surface and 433 BCM from groundwater), which
is just 28% of the water derived from precipitation. About

IN India rainfed agro-ecologies contribute 60% of the net
sown area, 100% of the forest and 66% of the livestock.
About 84—87% of pulses and minor millets, 80% of horti-
culture, 77% of oilseeds, 66% of cotton and 50% of cere-

als are cultnfa.t ed u nder this regi)onl. The area .under 85% (688 BCM) of water usage is being diverted for irri-
dryland o ndltlon. is 85 mha (60% of Fotal cultivated gation in agriculture; it may increase to 1072 BCM by the
area), which receives averagoe annual rainfall 1§ss than year 2050 (ref. 3). By 2025, demand for domestic and
1150 mm. Also, more than 30% of total geographical area industrial water usage may increase to 29.2 BCM. Thus

of the country comes .undc.ar 10V.V ramfall (less  than water availability for irrigation is expected to reduce to

750 mm). About 84 districts in India fall in the category ;<5 3 gy

ofllozly ramfill Zrlea. 181 . h d A per capita availability of less than 1700 m® is termed
ncia ranks 2 st among 181 countries with regard to as a water-stressed condition while per capita availability

water stress, with average score of 4.2 on the 05 scale below 1000 m® is termed as a water scarcity condition.

Zystem. (Water str;ss THeasures how mucl:i Wha tflr 1S Wlth_' Table 1 indicates that India is headed towards becoming a
rawn every year from rivers, streams and shallow aqui- country with water scarcity conditions®.

fers for domestic, agricultural and industrial uses. Scores
above 4 on a scale of 0-5 indicate that, for the average
water user, more than 80% of the water available is with-
drawn annually.) The 4.2 score indicates that India is in
the high risk zone with regard to water stress’.

Table 1. Average annual per capita availability of
water in India®

Population Per capita water
1 1 3
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Hence, there is an urgent need for efficient water
resource management through enhanced water use effi-
ciency. As water utilization is less in industrial (15%) and
domestic (5%) sectors compared to agriculture (85%),
and there are no further chances to reduce quantity of water
in these sectors, the focus should be on agriculture sector
for water saving without compromising on crop production.

Different methods for conserving water and
reducing water use in agriculture

Ex situ methods

These are generally mechanical measures of water harvest-
ing, e.g. bench terracing, countour bunding, creek bund-
ing, etc. Microirrigation systems (viz. drip and sprinkler
irrigation) also come under this category.

In situ methods

(a) Tillage: zero tillage, conservation tillage, minimum
tillage, etc. (b) Cultural practices: opening of furrows
between rows of crop and sowing on ridges; furrow
method, compartmental bunding, mulching, etc. (c) Use
of chemicals: anti transpirants and hydrogel.

What is a hydrogel?

Hydrogels are cross-linked polymers with a hydrophilic
group which have the capacity to absorb large quantities
of water without dissolving in water’. Water absorption
capacity arises from the hydrophilic functional groups
attached to the polymer backbone while their resistance
to dissolution arises from cross-links between network
chains.

Polyacrylamide (C;HsNO), is widely used as a syn-
thetic hydrogel and is a polymer formed from acrylamide
subunits (Figure 1). It can be synthesized as a simple
linear chain structure or cross-linked. Linear linked
polyacrylamide will dissolve in water and cannot be used
as a hydrogel for water absorption. Cross-linked poly-
mers are synthesized as hydrogel using N,N'-methylene-
bisacrylamide (Figure 2). Cross-linked variants of poly-
acrylamide have shown greater resistance to degradation;
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Figure 1. Acrylamide and polyacrylamide.
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hence, they are more stable for longer periods (2-5
years). Acrylamide is toxic (neurotoxic), but polyacryla-
mide is non-toxic. It is highly water-absorbent and forms
a soft gel when hydrated®.

Water absorption mechanism of hydrogel

The hydrophilic groups (viz. acrylamide, acrylic acid,
acrylate, carboxylic acid, etc.) of the polymer chain are
responsible for water absorption in hydrogels. The acid
groups are attached to the main chain of the polymer.
When these polymers are put in water, the latter enters
into the hydrogel system by osmosis and hydrogen atoms
react and come out as positive ions. This leaves negative
ions along the length of the polymer chain. Hence the hy-
drogel now has several negative charges down its length
(Figure 3). These negative charges repel each other. This
forces the polymer chain to unwind and open up. They
also attract water molecules and bind them with hydrogen
bonding’.

Hydrogel can absorb more than 400 times its weight of
water by this mode. When its surroundings begin to dry
out, the hydrogel gradually dispenses up to 95% of its
stored water. When exposed to water again, it will rehy-
drate and repeat the process of storing water. This process
can last up to 2—5 years, by which time biodegradable
hydrogel decomposes.

General uses of hydrogel

Due to the large water absorption capacity, hydrogels are
used in many products having importance in our daily
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Before water contact: coiled hydrogel
polymer chain

After water contact: hydrogel polymer chain with several
negative charges along its length

Hydrogen
bonding

OMMH —O to

_| Water

molecules

Attachment of water molecules to hydrogel polymer chain

Figure 3. Water absorption mechanism of hydrogel polymer.

life, including diapers, hair gels, sanitary napkins, sweat
soaking body powder, sealing, artificial snow”®, agriculture’,
drug delivery systems'’, pharmaceuticals'', biomedical
applications'?, tissue engineering and regenerative medi-
1314 wound dressing material'®, separation of bio-
molecules or cells'®, and barrier materials to regulate
biological adhesion'"'®.
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Use of hydrogel in agriculture

Hydrogels are used to improve the ability of soil to
absorb water. They are prepared by grafting and cross-
linking of water-absorbent polymers (polyacrylamide)
onto a cellulose derivative backbone polymer chain
(carboxymethyl cellulose). These hydrogels are more
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biodegradable and therefore safer to the environment'.
Unlike superabsorbent polymers employed in hygienic
applications which must possess the fast rate of fluid
absorption and ability to retain it under high load, the
agricultural hydrogels should not only have the ability to
absorb water, but must release the same gradually accord-
ing to specific requirements of the plants.

Preparation of hydrogel

When cellulytic derivatives get irradiated, the radiation
breaks some of carbon bonds of glucose molecules in the
cellulose chain, resulting in free radical sites on the
polymeric backbone (Figure 4). Cellulose radicals formed
during irradiation add to one side of the acrylamide to
form cellulose—acrylamide graft copolymer’.

Cellulose
0 NH,
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Cellulose—acrylamide graft copolymer
Figure 4. Synthesis of agricultural hydrogels with cellulose backbone

and polyacrylamide copolymer.
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Figure 5. Absorption of distilled water (DW), tap water (TW) and
saline water (SW) by hydrogel during first, second and third wetting
and drying cycles.
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Absorption capacity of hydrogels

Water contains Ca'" and Mg ions. When hydrogel
absorbs water these ions react with negative sites in the
polymeric chain resulting in the formation of non-soluble
salts which block the negative ion sites. This blockage
increases with the salinity of water and further cycles of
wetting and drying. The water absorption capacity of
hydrogels decreases due to these two factors (Figure 5)*'.

Key characteristics of agricultural hydrogels

Agricultural hydrogels are natural polymers containing a
cellulose backbone (Figure 6). They can also perform
well at high temperatures (40-50°C) and hence are suit-
able for semi-arid and arid regions. They can absorb a
minimum of 400 times of their dry weight of pure water
and gradually release it according to the needs of the crop
plant. Because of their neutral pH, they do not affect
nutrient availability, soil chemical composition, action of
other agro chemicals, viz. fertilizers, herbicides, fungi-
cides, insecticides, etc. Hydrogels are found to improve
the physical properties of soils (viz. porosity, bulk den-
sity, water holding capacity, soil permeability, infiltration
rate, etc.)’>. Table 2 discusses the effect of hydrogels on
soil properties”. The details regarding commercial avail-
ability of hydrogel for agricultural use in India are given
in Table 3 with trade names and manufacturing company
names.

Increase in porosity results in improvement in seed
germination and rate of seedling emergence, root growth
and density, and reduced soil erosion due to reduction in
soil compaction. It also increases biological/microbial
activities in the soil, which increase oxygen/air availability
in root zone of the plant**. Hydrogels help plants with-
stand extended moisture stress by delaying the onset of

.
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Figure 6. Structure of agricultural hydrogel.
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Table 2. Effect of hydrogel on soil properties®

BD Total porosity WHC Dehydrogenage activity Total bacterial count
Treatment (g/cm®) (%) (%) pH (ml H,/g dry soil /24 h) (x 10° cfu)
Control 1.613 39.13 2296  7.75 5.1 150
Compost @ 12 t/ha 1.592 39.92 24.18 740 29.3 480
Compost @ 24 t/ha 1.579 40.42 25.09  7.36 39.6 510
Hydrogel @ 24 kg/ha 1.556 41.28 2636  7.30 18.5 320
Hydrogel @ 48 kg/ha 1.543 41.77 27.0 7.27 19.9 360

BD, Bulk density; WHC, Water holding capacity.

Table 3. Agricultural hydrogel products available in India

Trade name Manufacturing company

Pusa Hydrogel
Waterlock 93N
Agro-forestry water
absorbent polymer
Super absorbent polymer

IARI, New Delhi
Acuro Organics Ltd, New Delhi
Technocare Products, Ahmedabad

Gel Frost Packs Kalyani
Enterprises, Chennai
Chemtex Speciality Ltd, Mumbai
MS5 Exotic Lifestyle Concepts, Chennai

Hydrogel
Rain drops

permanent wilting point and reducing irrigation require-
ments of crops due to reduced water loss through evapo-
ration. The water held in root zone of the crop and
leaching of nutrients in the soil are also reduced.

Application of 5kg/ha of hydrogel significantly in-
creases soil moisture content at different depths of soil
(viz. 0-15, 15-30 and 30-45 cm) at all stages of crop
growth in fodder sorghum®. Different enzymatic activi-
ties which are indicators of microbial population in the
soil (viz. acid phosphatase, alkaline phosphatase, dehy-
drogenase, protease and urease) are increased with the
application of hydrogel in sandy soils.

Agricultural hydrogel can be used for all crops and all
soil types. Its benefits are most easily noticed in nurseries
and seedling beds, crops sensitive to moisture stress,
crops requiring large quantities of water, and container
gardens — pot cultures.

Rate of application of agricultural hydrogel depends
upon the texture of soil — for clay soil: 2.5 kg/ha (at the
soil depth of 68 inches). For sandy soil: up to 5.0 kg/ha
(at the soil depth of 4 inches).

Application methods

e For field crops: Prepare an admixture of hydrogel and
fine dry soil in 1:10 ratio and apply along with the
seeds/fertilizers or in the opened furrows before sow-
ing. For best results, hydrogel should be close to
seeds.

e In nursery bed for transplants: Apply 2 g/m? (or ac-
cording to recommended rate) of nursery bed mix of
hydrogel uniformly in the top 2 inches of the nursery
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bed. In pot culture, mix 3-5 g/kg of soil before plant-
ing.

e While transplanting: Thoroughly mix 2 g (or accord-
ing to recommended rate) of hydrogel per litre of
water to prepare a free-flowing solution; allow it to
settle for half an hour. Dip the roots of the plant in the
solution and then transplant in the field.

The results of field experiment in wheat in different
wheat-growing zones of India (viz. northeastern plain
zone, central and peninsular zone) show that application
of 5kg/ha of hydrogel produced significantly higher
grain yield with all the levels of irrigation (viz. no irriga-
tion, two and four irrigations). Also, the equivalent yield
of four irrigations with no hydrogel was obtained with
only two irrigations when 5 kg/ha of hydrogel was
applied”’.

Application of 2.5 kg/ha of hydrogel produced signifi-
cantly higher growth and attributing characters and yield
in aerobic rice compared to control in all the types of
lands (viz. flat bed sowing, ridge sowing and raised bed
sowing)*®.

Coating of pearl millet seed with 10 and 20 g of
hydrogel/kg of seed resulted in the production of signifi-
cantly higher effective tillers, ear length, test weight,
grain and stover yield compared to control and water-
soaking treatment®.

Results of application of 200 kg/ha of hydrogel in pea-
nut were found to be significantly superior in respect of
all the growth and yield characters (viz. seed yield, bio-
mass yield, pod yield, number of branches per plant and
100 seed weight) in sandy soil of Iran with hot and arid
climate™.

Yield of wheat was found to increase by 8.48% over
control with the application of 5 kg/ha of hydrogel in clay
loam soil with 100% recommended dose of fertilizers™.

The results obtained from farmers field demonstration
conducted by ICAR at different locations in Uttar
Pradesh evidenced that soil application of hydrogel @
5 kg/ha along with three irrigations in different wheat
varieties is able to produce grain yield equivalent to irri-
gating wheat crop with five times without hydrogel appli-
cation (Table 4). It indicates that soil application of
hydrogel can save two irrigations in wheat without reduc-
ing the grain yield. Increasing doses of hydrogel from
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Table 4. Demonstrations in farmers’ fields conducted by ICAR in collaboration with ITC group of companies
Average yield (t/ha)*
No. of Three irrigations Five irrigations Three irrigations
Zone villages without hydrogel without hydrogel ~ with 5 kg/ha hydrogel LSD 5%
Hathras, UP 5 3.65 4.20 4.30 0.28
Hardoi, UP 2 3.75 4.38 4.62 0.33
Gonda, UP 2 3.95 4.80 4.65 0.39
Lucknow, UP 1 4.05 4.75 4.70 0.22

*Average of five varieties (PBW 343, PBW 502, PBW 373, PBW 550 and Pusa Unnat).

Table 5.

Effect of hydrogel in Coleus after 180 days of transplanting

Hydrogel treatment Plant height (cm)

Stem diameter (cm)

No. of branches No. of leaves

Control 44.86
0.1% (4 g) 50.47
0.2% (8 g) 54.00
0.25% (10 g) 55.41
0.30% (12 g) 57.06
0.5% (20 g) 59.64

8.59 6 35
12.64 7 45
13.62 8 52
16.28 9 54
17.44 9 58
18.79 11 66

Note: 4 kg of soil medium was used for each pot®.

0.1% to 0.5% of soil medium in indoor ornamental
plants, viz. coleus, resulted in increased plant height,
stem diameter, number of branches and leaves (Table 5).

Field performance

The performance of Pusa Hydrogel has been evaluated at
various levels, viz. Institute farms, farmers’ fields (by
licensees and the Institute) and multilocation trials in col-
laboration with other institutes, namely, Central Potato
Research Institute, Shimla; Directorate of Groundnut
Research, Junagadh; Project Directorate of Soybean Re-
search, Indore; Indian Institute of Sugarcane Research,
Lucknow and Project Directorate of Farming Systems
Research, Modipuram, Meerut, and All India Coordinated
Research Project on Wheat. The evaluation has been
carried out in several crops, namely wheat, groundnut,
potato, soybean, mustard, onion, tomato, cauliflower,
carrot, strawberry, opium, maize, sugarcane, paddy, tur-
meric, chrysanthemum, cotton, etc.

Salient findings

e A low rate of application, ranging from 1 to 2 kg/acre
is effective in most of the crops.

o Lesser effect of fertilizer and salt solutions on the
swelling ratio of hydrogel.

e Compared to control, the hydrogel amended sandy
loam soil and medium without soil, e.g. sand, cocopit,
etc. (used to raise vegetable and flower nurseries) ex-
hibited delay in the onset of permanent wilting point
(2-6 days).
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e In hitech horticulture, the application hastened seed-
ling growth and establishment period of chrysanthe-
mum cuttings (18 days) compared to control crop (28
days).

e Reduced the frequency of drip fertigation in horticul-
tural crops raised under protected and open field con-
ditions respectively.

e Significant improvement in yield and water use effi-
ciency in hi-tech cultivation compared to control in
most of the test crops.

Hydrogels are environment friendly

Biodegradable hydrogels contain labile bonds either in
the polymer backbone or in the cross-links used to pre-
pare the hydrogels. The labile bonds can be broken under
physiological conditions either enzymatically or chemi-
cally over a period of time. End-products after degrada-
tion are CO,, water and ammonia’'. Acrylamide, a
monomer used for hydrogel preparation is neurotoxic, but
polyacrylamide itself is non-toxic. The polyacrylamide
can never reform its monomer. Hence there is no residual
amount of acrylamide present in the soil after degradation
of hydrogel, especially when cellulose is used as back-
bone. Acrylamide residue is also not detected in crop
products which are grown with hydrogel application.

Conclusion

Hydrogel application increases productivity in almost all
the test crops (cereals, vegetables, oilseeds, flowers, spices,
etc.) in terms of crop yield. It also helps improve the
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quality of agricultural produce in terms of plant biomass,
fruit and flower size and colour with improvement in
hydro-physical and biological environment of the soil.
Hence hydrogels may become a practically convenient
and economically feasible option in water-stressed areas
for increasing agricultural productivity with environ-
mental sustainability.
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