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Introduction

Due to the rapidly increasing world population, which is expected reach to 9 billion by 2050 and 100 billion in 2100 
[1], there is more attention to various materials that could assist in increasing food production and sustaining water 
resources [2]. The agricultural sector is one of the most important sectors worldwide, due to the increasing demand for 
food products to provide sufficient food for humanity, besides that, the agricultural sector is the most water consuming. In 
addition, abiotic stresses like water shortage, high temperature, and higher solar radiation, increase negative impacts on 
plant growth and productivity [3]. Furthermore, insufficient rhizosphere humidity is considered the limiting factor for crop 
production, particularly under sandy soil or light-textured soils conditions. Therefore, the use of modern technologies in 
this field helps to sustain natural resources and provide adequate food and production requirements. Polymers are one of the 
promising materials that could retain water and nutrients for long times and provide to plants when the soil starts drying [4]. 
Polymeric substances are considered an important point in the agricultural sector in the current era particularly under water 
scarcity in aridity conditions, which affect nutrient availability for plants [5]. In addition, polymers have a high swelling 
capacity and retain the ability of water that maintains the humidity levels around the root system, consequently, reducing 
water consumption, increasing irrigation intervals, and reducing spreading root diseases, particularly fungal diseases [6]. 
Furthermore, polymers have the ability to regulate nutrient releasing, which, reserves the nutritional supply for a longer 
period, consequently, reducing crop production costs and sustaining the environment. There are different benefits for using 
polymers in the agricultural sector like enhancing aeration of heavy-clay soil, mitigating the negative impact of drought 
stress on plant growth, increasing crop productivity, and sustained release of water and nutrients [5]. This article explores 
the most important benefits and applications of polymers in the agricultural sector.

Polymer classification

Polymeric materials could be classified into two main groups [7], according to the original materials as follow:

a) Natural – consist of polysaccharide-based (e.g. chitosan, starch, and cellulose). 

b) Artificial – synthesis from petrochemical-based like polyethylene glycol, polyacrylic acid, and methacrylic acid).

While, there are different classifications of agricultural polymers, 

a) Based on the polymeric composition (Homopolymeric –Copolymeric–Multipolymer). 

b) Based on the original materials (Natural and Artificial).

c) Based on the physical structure and chemical composition (Amorphous, Semi-crystalline, and Crystalline).

d) Based on the type of cross-linking (chemically cross-linked and physically cross-linked)

Mode of action

After irrigation or rainfall, polymeric materials swell by absorbing water and nutrients, and retaining humidity around 
the rhizosphere for longer times [8], when soil becomes dry, polymers release water and nutrients slowly for plant, which 
increase the plant tolerance for dry conditions [9]. Agricultural polymeric materials could absorb and retain a large amount 
of water reach to hundred folds of water (weight by weight), each one gram of polymer could retain 400 grams of water and 
release 90% of absorbed water [6]. Furthermore, the super absorbent polymer could absorb 900 fold of water (Liu et al, 2006). 
Therefore, polymeric materials could be one of effective means to improve water use efficiency in the agricultural sector and 
increase crop productivity under water shortage conditions [5].

Benefits of polymers in the agricultural sector

The agriculture sector is subjected to different challenges, while water scarcity is considered a limiting factor for crop 
production, particularly under aridity conditions. Therefore, there is more attention to using polymeric materials in the 
agricultural sector, to sustain agricultural production worldwide [10].

The main benefits of the polymer include:

a) Improving water retention 
b) Adequate supply of water for plants and increase watering intervals.
c) Increase nutrient availability for a long time. 
d) Enhancing plant growth 
e) Protect the environment by reducing the leaching of conventional fertilizers.
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Abstract

The agricultural sector is subjected to different challenges particularly abiotic stress due to severe climate conditions. Water 
shortage is considered the main restricting factor for agricultural production. Polymeric substances could play a key role in 
improving various plant productivity and providing numerous advantages under light texture soils and dryness conditions. 
It is maintaining the continuous supply of water and nutrients for the plants, enhancing soil 
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Applications in the agricultural sector

The agriculture sector is subjected to different challenges, while water scarcity is 
considered a limiting factor for crop production, particularly under aridity conditions 
[8]. Therefore, there is more attention to using polymeric materials in the agricultural 
sector, to sustain agricultural production worldwide [11].

There are different applications of polymeric substances in agricultural sector that 
include: 

a. Biosensors.

b. Water-saving substances.

c. Soil conditioners. 

d. Food packaging (Edible polymer-based hydrogels). 

e. Nutrient carrier.

f. Controlled release agrochemicals.

Impact of polymer on soil characters

Polymers substances enhancing soil characters by different modus:
 
i. Enhancing soil aeration.

ii. Improving water-holding capacity.

iii. Rising the field capacity of sandy soil for a longer period. 

iv. Increasing the penetrability of heavy soils. 

v. Protect soil by minimizing erosion average.

Some field uses of polymeric substances

a. Enhance the productivity of Navel orange under sandy soil conditions [12].

b. Increasing survival rate of seedlings [10].

c. Improving date palm growth and productivity under water shortage conditions 
[13].

Conclusion

Under challenges of water shortage facing the agricultural sector, polymeric 
substances could play a key role in improving crop productivity and sustaining natural 
resources, using polymers in agriculture particularly providing different benefits 
under aridity conditions and in light texture soils. It is maintaining the slow release of 
water and nutrients for the plants, improves soil character, protects the environment 
from pollution by reducing the leaching of agrochemicals. 
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