
ORIGINAL PAPER

Enzyme-based green approach for the synthesis of gum
tragacanth and acrylic acid cross-linked hydrogel: its utilization
in controlled fertilizer release and enhancement of water-holding
capacity of soil
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Abstract Enzyme lipase catalyzed graft copolymeriza-

tion of acrylic acid onto gum tragacanth was carried out in

an aqueous medium using glutaraldehyde as a cross-linker,

one more step towards green chemistry. Various reaction

variables such as time, amount of solvent, temperature, pH,

lipase concentration, and monomer and cross-linker con-

centrations were optimized to achieve a cross-linked can-

didate polymer with maximum fluid absorbance capacity.

The structure and morphology were confirmed by Fourier

transform infrared spectroscopy and scanning electron

microscopy. The synthesized hydrogel held a large amount

of water and was used as a device for controlled release of

urea. A 10 % (w/w) of swelled hydrogel was found to

enhance the water-holding capacity of the soil. The syn-

thesized device could increase the moisture content up to

52 % in sandy loam soil and 72 % in clay soil and was

found to enhance the water-holding capability of the soil.

Further, the candidate polymer was studied for the con-

trolled release of urea under eco-friendly conditions and

showed case-II type urea release. The initial diffusion

coefficient was found to be higher than the later diffusion

coefficient indicating a higher urea release rate during the

early stage. Thus, the synthesized polymer is important

from technological point of view.
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Introduction

Applications of hydrogels in agriculture and horticulture

sectors are based on their water absorption and retention

capacity. Water content present in the hydrogels is one of the

most important factors affecting its quality and functionality.

Agriculture and horticulture are the fields in which this

property of hydrogel has been exploited. In agriculture,

hydrogels play significant roles such as soil conditioning,

controlled release of agrochemicals and retention of mois-

ture in the soil [1–3].

All plant biological processes are water dependent. Plant

growth is highly affected under water-stressed conditions

due to tremendous decrease in transpiration and photosyn-

thesis [4]. To overcome all such problems traditional meth-

ods such as irrigation and water-shed management are used

along with other water-holding alterations. Hydrogel that

can absorb and retain water hundred times of their own

weight can be used as a good source to hold water in the soil

for a longer period. Hydrogels act as water reservoir in the

soil and thus, maximize the efficiency of water uptake by the

plants [5, 6]. In addition, they improve aeration and seepage

through the soil and reduce the moisture stress of the plants

[7]. Hydrogels have been found to improve the seedling

survival rate in arid conditions [8, 9]. Bhardwaj et al. [10]

found that hydrogel-mixed sand retained 40 times more

water as compared to the sand without hydrogels.

During the last 3–4 decades, injudicious use of agro-

chemicals has resulted in irreparable environmental damage.

Controlled release of agrochemicals to crops through

hydrogels can prevent the environmental contamination and
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