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1. Introduction 
The agricultural sector, including livestock and fisheries, is 
the main source of food for the whole population on the 
globe. In recent years, human-induced climate change has 
posed a great threat to global food security (Horn et al., 
2022). It is widely accepted that climatic variability is an 
important contributor to the degradation of natural and 
productive lands (Hermans and McLeman, 2021), and 
exacerbates the damage to environmental sustainability 
(Mukhopadhyay et al., 2021). Land degradation is 
considered a major problem for both developed and 
developing countries, and is associated with desertification 
(Prăvălie et al., 2021). Nonetheless, it is estimated that an 
additional 147 million ha of cultivated land will be needed 
by 2050 to feed the increasing population (Lambin and 
Meyfroidt, 2011). Hence, the cultivation on marginal lands 

is regarded as an important way for ensuring global food 
security in a sustainable way (Zhu et al., 2016; Singh et al., 
2018).

Marginal lands have received great attention for 
their potential to provide large land resources for crop 
production, and to improve food security (Awasthi et 
al., 2016; Singh et al., 2018). It is estimated that about 
36% (1.3 billion ha) of total agricultural land comprises 
marginal lands. Moreover, one-third global population 
depends on marginal lands (Kuang et al., 2022). Marginal 
lands are typically characterized by low crop production 
and less economic returns than the ideal lands (Mellor 
et al., 2021). They are unsuitable for various ecosystem 
functions and agriculture practices (Kuang et al., 2016). 
The major reasons behind increasing the marginal lands 
are low soil quality, poor water supply, industrial pollution, 
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inadequate land slope and transportation of soil particles 
(Pimentel, 2012). Additionally, the occurrence of various 
environmental stresses such as drought, salinity, metals 
toxicity and waterlogged conditions are major concerns for 
successful crop production on marginal lands. Production 
on marginal lands is also unavoidable due to the shrinkage 
of agricultural land. In a number of studies, different 
strategies have been proposed to increase the returns from 
marginal lands and to cope with environmental stresses. 
Firstly, researchers have adopted sustainable approaches 
oriented towards the efficient use of existing resources, 
while, ensuring environmental sustainability (Maddhesiya 
et al., 2021). Secondly, on the bases of technological 
innovations, intensive management practices are adopted 
on marginal lands to enhance the productivity per unit 
area. Unfortunately, intensive crop management practices 
are difficult to adopt, as existing cultivars have attained 
their maximum yield potential. 

In recent years, a new practice known as the application 
of SAPs has emerged as a promising and environment-
friendly approach for successful crop production in 
the world (Marzen et al., 2015; Kenawy et al., 2021; 
Nascimento et al., 2021). The application of natural SAP 
enhanced the soil’s ability to store water and increased the 
vegetative growth even under stressed conditions (Figure 
1). There is growing consensus that SAPs not only improve 
the physico-chemical properties of soil but also serve as 

buffers against abiotic stresses and reduce the risk of plant 
failure, during their establishment and subsequent growth 
phases. Scanty information regarding characteristics, 
application methods, roles and application areas in 
agriculture is available in the literature (Chang et al., 2021; 
Wang et al., 2021). Few reviews available on the subject 
matter are exclusively devoted towards the development 
history, synthesis of SPAs and their general application in 
the agriculture sector (Elshafie and Camele, 2021; Ai et al., 
2021). Potential uses of SAPs for successful crop production 
on marginal lands were seldom discussed and hence 
relevant information largely remained elusive. The present 
review provides a critical appraisal of SAPs application 
to enhance crop performance with special emphasis on 
marginal lands and elaborates their effectiveness to cope 
with and enhance the abiotic stress tolerance in crops 
cultivated on marginal lands. It highlights the current 
state of knowledge, new progress made along with future 
research trends and major challenges hindering the wide-
scale application of SAPs in agriculture. 

2. Application of superabsorbent polymers in agriculture
In recent times, the use of SAPs has increased in different 
sectors such as medical, engineering, hygiene products, 
concrete additives and the agricultural sector (Dang et 
al., 2017; Song et al., 2017). Based on the source of origin, 
SAPs are categorized into two major groups i.e. natural 

 
Figure 1. Impact of abiotic stresses on plants and superabsorbent polymers (SAPs)-induced stress tolerance. Upon exposure to abiotic 
stresses, reactive oxygen species are produced that cause oxidative damage to the plants. (a) Application of SAPs improves the Na/K 
concentration, and leads to better plant water balance, (b) SAPs application restores ionic balance, and increases the ability to adsorb 
heavy metal ions under high accumulation of heavy metals (c) Under drought stress, SAPs application reduces the electrical conductivity 
(EC), malondialdehyde (MDA) contents, and hydrogen peroxide (H2O2) contents resulting in enhanced plant tolerance under drought 
stress.
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polymers (such as cellulose and starch) and synthetic 
polymers (such as polyacrylic acid and polyacrylamide) 
(Wei et al., 2016; Chang et al., 2021). The SAPs, also known 
as hydrogel or slush powder, are hydrophilic compounds 
characterized by the ability to absorb and retain water 
molecules (Montesano et al., 2015). The quantity of water 
absorbed by SAPs is much greater than the initial weight of 
material, and it largely depends on the ionic concentration 
of the solution (Horie et al., 2004). The SAPs can absorb 
approximately 400–1000 times more water than their 
initial weight in deionized/distilled water, out of which 
95% of SAP’s water is available to the crops through 
osmotic pressure difference (Zhao et al., 2019a). The use 
of SAPs for agricultural land both in rain-fed and irrigated 
areas can significantly enhance the water holding capacity 
and retention of nutrients, and reduce the irrigation 
frequency, soil compaction and water runoff (Abd EI-
Rehirn et al., 2004). Due to their hydrophilic nature, SAPs 
have great potential for enhancing nutrients and water 
uptake (Mao et al., 2011; Ryan et al., 2018). It also has the 
capacity to enhance the emergence and seedling growth 
(Al-Humaid, 2005; Yazdani et al., 2007; de Barros et al., 
2017; Rasanjali et al., 2019), crops yield (Rehman et al., 
2011; Fernando et al., 2014; Fallahi et al., 2015; Taheri et 
al., 2017; Chaithra and Sridhara, 2018), seed oil contents 
(Shekari et al., 2015), water use efficiencies (Abedi and 
Mesforoush, 2009; Rostampour et al., 2012), and improve 
soil structure (Chaithra and Sridhara, 2018).

Application of SAPs (with Stockosorb®, Luquasorb® 
and potassium polyacrylate) enhanced the water 
availability for better root growth (Shi et al., 2010; Bai et 
al., 2019). It has been reported that SAPs application (with 
Zeba®) significantly improved the emergence and stand 
establishment in black pepper (Rasanjali et al., 2019). 
Further, better seed germination and seedling vigor with 
application of SAPs were reported for rice (Rehman et 
al., 2011), sorghum (de Barros et al., 2017), black pepper 
(Rasanjali et al., 2019), and buttonwood (Al-Humaid, 
2005). Fernando et al. (2014) and Chaithra and Sridhara 
(2018) established that the application of SAPs (with 
GAM-sorb and Pusa hydrogel + Pongamia leaf mulch) 
significantly increased the yield and related traits of maize 
(Zea mays L.) and tomato (Lycopersicon esculentum). 
In addition to the synthesis polymers, the application of 
natural polymers such as cellulose, starch, and chitosan, 
has been reported owing to their ability to retain water and 
maintain soil moisture (Motamedi et al., 2020). Cellulose 
is one of the abundant organic polymers with high charge 
density and the swelling rate has been reported to 
improve water absorbency (Song et al., 2019). Starch, a 
biomacromolecule polymerized of glucose, when applied 
as hybriding-starch and inorganic fillers significantly 
exhibited water absorbency (Olad et al., 2018).

Application of SAPs also influences various 
characteristics of the soil such as water holding capacity, 
aeration, soil structure, soil permeability, density, 
evaporation, microbial activity, erosion resistance and 
infiltration rate (Wu and Liu, 2008). Additionally, SAPs 
have been successfully used for controlled release of 
fertilizers and pesticides (Ekebafe et al., 2011). There 
is accruing consensus that SAPs also serve as buffers 
against abiotic stresses and reduce the risk of plant failure, 
during its establishment (Shi et al., 2010; Keshavarz et al., 
2013). Under stressed conditions, the application of SAPs 
enhanced the uptake and availability of water and nutrients 
for plants and the translocation of photosynthates to 
reproductive sinks (Kenawy et al., 2021).

There are different methods used for SAPs application 
in agriculture. The most extensively used method is 
applying directly onto the soil (Wróblewska et al., 2012); 
however, this method may decrease soil water retention 
(Hejduk et al., 2012). Nevertheless, in recent studies, SAPs 
were also applied through seed coating (de Barros et al., 
2017; Su et al., 2017), hydro-seeding, mixing with mulch 
material (Chaithra and Sridhara, 2018; Zhao et al., 2019), 
bio-fertilizers, coated with fertilizers and agrochemicals 
(Wu and Liu, 2008; Li et al., 2019). Moreover, these 
have also been applied in soilless media for horticultural 
crops, especially for tomato (Fernando et al., 2014). The 
quantity and method of application for SAPs depend on 
the prevailing agro-climatic conditions under which it is 
being applied, soil types and structure, physico-chemical 
properties of soil, type of crops, existing irrigation 
practices, and the quality of water for irrigation purposes 
(Sikder et al., 2021). In conclusion, SAPs have been used 
in agriculture as soil additives and seed coating for their 
amendments in order to save water loss and nutrients in 
the soil and minimize the negative impact of dehydration 
and moisture stress in crops. Different types of SAPs and 
their recommended doses for specific crops are listed in 
Table 1.

3. Application of SAP to enhance the productivity of 
marginal soils 
A remarkable breadth of knowledge about the beneficial 
aspect of SAPs suggests that their potential can also 
be exploited to enhance plant production on marginal 
lands. Different studies have been conducted to evaluate 
the effectiveness of SAPs for problematic soils (Fallahi 
et al., 2015; Kumar et al., 2019). The application of SAPs 
enhanced plant growth by improving water holding 
capacity on marginal lands (Liu and Guo, 2001). Islam 
et al. (2011) reported that the application of SAPs 
significantly increased the above-ground biomass, yield 
and yield contributing traits, and relative water content 
of hulled oat (Avena sativa L.) grown on erosion-prone 
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arid soil. In drylands, the application of SAPs increased 
plant growth by enhancing nutrient use efficiency and soil 
water retention. Soil amendments with SAPs enhanced 
the performance of maize and sorghum [Sorghum bicolor 
(L.) Moench] even in row-rainfall areas (Najafinezhad 
et al., 2015). Recently, Kumar et al. (2019) proposed the 
SAPs application (with nano clay-polymer composite) as 
a useful tool for obtaining higher benefits under rainfed 
conditions. Furthermore, it has been reported that the use 
of SAPs markedly enhanced the growth, yield indices, and 
water use efficiencies in cotton (Gossypium hirsutum L.) 
under prolonged saline- and drought-areas (Fallahi et al., 
2015).

Based on the current state of knowledge and basic 
understanding, the following are the important aspects, 
uses and principles of SAPs application for marginal lands.

·	 SAPs act as water absorbent and soil conditioner. 
·	 SAPs improve soil and water conservation that can 

increase water infiltration, soil porosity, soil aggregate 
structure and minimize water loss from the soil surface.

·	 SAPs decrease the use of pesticides, fertilizers and 
other chemical materials.

·	 SAPs improve water use efficiency by adjusting the 
plant’s physiological functions.

·	 SAPs maintain soil water content and enhance 
microbial activity.

·	 SAPs cause heavy metal immobilization in the soil.
·	 SAPs are pollutant removing agents for water 

purification.
3.1. SAPs as water absorbent and soil conditioner
Different factors such as desertification, deforestation, 
drought, nonjudicious use of soil and water resources, 
salt-alkalization, soil erosion, waterlogging, and improper 
agricultural practices are responsible for increasing the 
marginal land area. These factors affect crop production 
in different ways; waterlogging, salinity and drought 
reduce the availability of water and nutrients and cause 
a significant reduction in the growth and productivity 
of crops. Drought stress, in particular, reduces the water 
availability to plant roots, and thereby showed a severe 
reduction in plant growth and development (Karl et al., 
2009). Crop water requirement is highly dependent on 
crop types, their growing stage and habits, and weather 
conditions of a specific area. The use of SAPs in water 
deficit areas is well recognized in various studies (Behera 
and Mahanwar, 2020). The SAPs have high water absorbing 
and retaining capacity, and the ability to maintain the soil 
moisture and thereby can reduce the consumption of water 
by crops (Behera and Mahanwar, 2020). SAPs when applied 
as granules, after watering can absorb the water by swelling 
and then releasing the same slowly through diffusion, upon 
soil drying. The same practice also reduces evaporation 
losses; on swelling up, SAPs increase the soil porosity and 

resulted in a better oxygen supply to plant roots (Behera 
and Mahanwar, 2020). SAPs (mostly polyacrylate based), 
a new environmental-friendly approach, were successfully 
used as soil conditioners to promote crop growth in dry 
areas. Polyacrylate-based SAPs have low degradation rates, 
are easily degraded by microbial organisms, and avoid the 
accumulation of toxic substances in the soil (Cannazza et 
al., 2014). Application of hydrogels to the soil enhances 
the oxygen availability to plant roots (via increased soil 
porosity), better germination percentages, increment in 
seedling growth rates, and root growth, and results in 
reducing the erosion problems due to less compaction of 
soil (Kalhapure et al., 2016). SAPs as soil conditioners have 
been used since mid of the nineteenth century, as they are 
efficient in reducing nutrient leaching loss, enhance the 
water holding capacity, water use efficiency, infiltration 
rates, soil permeability, and cause a marked reduction in 
runoff and soil erosion that ultimately enhance the growth 
and productivity of crops (Ekebafe et al., 2011; Paradelo 
et al., 2019). Recently, Yakupoglu et al. (2019) reported 
that SAPs application with polyacrylamide and polyvinyl 
alcohol significantly reduced runoff and erosion, improved 
soil aeration and microbial activities, and enhanced crop 
performance. In conclusion, SAPs having high water 
absorbing and retaining capacity thus maintained soil 
moisture and reduced the consumption of water by crops.
3.2. SAPs as crop growth enhancer 
The availability of water in the soil is essential for vegetative 
growth, and a shortage of water can cause a severe threat to 
the growth and survival of plants. The availability of quality 
water is mandatory for plants to obtain better growth 
rates. Due to their imbibing characteristics, SAPs have 
been successfully used to address these problems. Being 
hydrophilic in nature, SAPs have the ability to absorb a 
huge quantity of water. SAPs work as water binders in the 
soil, and increase the availability of water for the plants 
(Khalilpour, 2001). The application of SAPs as control 
release of pesticides reduces the environmental pollution 
(Roy et al., 2014), increases the availability of nutrients 
for plants (Li et al., 2015), and has emerged as a versatile 
tool for enhancing the crop performance under different 
abiotic stresses such as heavy metal (Rehman et al., 2019) 
and drought stress (Rasanjali et al., 2019). Alleviating the 
adverse effects of abiotic stresses can considerably increase 
the biological and grain yield of crops. Application of SAPs 
in combination with essential nutrients (N, P and K) has 
been reported owing to their ability to retain and slowly 
release the nutrients to plants (Zhengwen et al., 2011). The 
application of compound-SAPs (combination of essential 
nutrients and SAPs) enhanced the crop efficiency for 
irrigation and fertilizers and helped the plants to achieve 
maximum growth and productivity, especially in annual 
ryegrass (Lolium multiflorum L.) (Zhengwen et al., 2011). 
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The increment in the growth of tomato, and a decrease in 
water consumption (20%) are reported as the results of 
the SAPs application (El Sagan, 2015). Recently, Chaithra 
and Sridhara (2018) studied the effect of SAPs application 
(Pusa hydrogel, 5 kg ha–1), and Pongamia Greenleaf mulch 
(4.0 t ha–1) in rainfed maize cultivation. These authors 
concluded that the combined application significantly 
improved the soil properties and crop performances and 
resulted in a marked increment in grain yield. Similarly, 
Khadem et al. (2010) reported that the application of SAPs 
in combination with cow manure enhanced the availability 
of nutrients, and increase the grain yield (16.2%) of 
maize. The application of SAPs not only increased the 
growth, and yield traits, but also showed an improvement 
in nutrients and water use efficiencies in cotton under 
different irrigation regimes (Fallahi et al., 2015). Poor 
crop stand is considered a major limiting factor for crop 
production. The application of SAPs improves plant 
germination and establishment (Akhter et al., 2004). For 
example, application of SAPs increased the percentage of 
germinated seeds, the number of fertile tillers, plant height, 
grain size, and weight of rice (Rehman et al., 2011). In 
sugarcane, improved germination and better growth were 
reported as a result of SAPs application, grown in sandy 
soils. Likewise, the application of SAPs has been found 
to increase the yield of field crops (Fallahi et al., 2015; 
Hou et al., 2018), under normal and stressful conditions. 
In conclusion, the application of SAPs can retain a huge 
quantity of water and nutrients, that are slowly provided to 
plants. In addition, SAPs application to soil improves the 
germination rate, better seedling growth, increases grain 
yield, and enhances the water and nutrients use efficiencies 
of crops.
3.3. SAPs for controlled release of pesticides
The use of agrochemicals to increase production has 
increased in recent years, but most of these chemicals 
pollute the environment and cause severe ecological and 
health hazards. The use of SAPs for controlled release of 
pesticides has shown success in decreasing the leaching 
and other forms of chemical losses (Li et al., 2009), 
thereby minimizing environmental pollution, reduction 
in phytotoxicity, degradation and reducing moisture losses 
by evaporation (Roy et al., 2014). A study conducted by 
Yang et al. (2017), reported that the application of SAPs 
can reduce the residue of 14C-carbendazim extractable 
(11%, a well-known fungicide), applied on red clayey soil. 
Due to the micro-molecular nature, the application of 
slow-release pesticides results in a reduction of leaching 
losses into the soil and extends the duration of activity. 
In the conventional application method, pesticides are 
rapidly released into the environment; contrarily, the 
controlled release pesticide involves the movement of 
active ingredient to the target surface/site by maintaining 

the fixed concentration level for a specific period of time 
(Mihou et al., 2007). Different techniques such as chemical 
attachment, matrix encapsulation and microencapsulation 
for controlled release formulations have been used in 
agriculture sector (Roy et al., 2014). Recently, controlled 
release from biodegradable polymers such as cellulose, 
polylactic acid, carboxymethyl cellulose and amylose has 
been a huge success. The SAPs such as chitosan, guar gum, 
pectin, alginate and carboxymethyl cellulose are commonly 
used for controlled release of pesticides in agriculture. Also, 
the application of SAP-based hydrogels as an attractive 
alternative for agro-chemicals is gaining popularity. 
Hydrogels of polymers, especially polysaccharides, have 
gained considerable interest as a promising approach 
because of their versatile characteristics. Polysaccharides, 
in general, have minimal side effects, are biocompatible, 
biodegradable and occur abundantly. 
3.4. SAPs for controlled release of nutrients
Water and nutrients are essential components for better 
crop growth and productivity, and their deficiencies cause 
severe reduction in said traits (Wu and Liu, 2008). In 
the backdrop of increased food demand of a burgeoning 
population under climate change and dwindling natural 
resource base, the use of synthetic fertilizers especially 
nitrogen-based such as urea (containing 46% N) has 
increased tremendously (Zhang et al., 2016). Due to 
fixation and losses such as leaching, nitrification, runoff, 
and vaporization, plants cannot uptake the whole 
quantity of the applied nutrients, and multi-nutrient 
deficiencies occur in most cases (Timilsena et al., 2015) 
causing yield reduction and malnutrition. In addition, 
improper application of nitrogenous fertilizers especially 
urea results in huge economic losses, and causes serious 
environmental hazards due to its high solubility, low 
molecular weight, and low thermal stability which increase 
its volatilization, leaching and runoff losses (Rojas et al., 
2013). Thus, prompting a search for an environmentally 
benign and cost-effective diverse approach. These losses 
can be reduced by using slow-release fertilizers; which 
have various advantages such as an increase in nutrient 
efficiency, sustainable nutrient supply for a prolonged 
period, and reduction in the phytotoxic and other adverse 
effects of these fertilizers (Jin et al., 2011; Fan et al., 2022). 
Fertilizer coating with SAPs has been optimized to sustain 
the nutrient release, and water supply to the roots (Ryan et 
al., 2018), as enhanced soil moisture content might increase 
the nutrient’s availability (Table 2). The application of SAPs 
with organic matter successfully increased the soil moisture 
contents (Ryan et al., 2018). Moreover, SAPs coated 
fertilizers are also helpful for obtaining better crop growth, 
and maximum yield potential of crops grown in water-
scarce areas (Weaver and Wong, 2011). The use of SAPs 
in combination with fertilizers is reported as a productive 
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approach to attaining sustained release properties (Ni 
et al., 2009; Qiao et al., 2016). This combination of 
SAPs and fertilizers enhances the uptake of nutrients by 
roots, reduces evaporation losses, and needs of frequent 
irrigation (Wu and Liu, 2008). Different polysaccharides 
such as pectin, chitosan (Jamnongkan and Kaewpirom, 
2010), and carboxymethyl cellulose are commonly used 
for the synthesis of SAPs, and their application as slow-
release nutrients is well reported (Ito, 2007). 
3.5. SAPs as soil microbes’ enhancer 
The application of soil microorganisms as bio-fertilizers 
(BFs) has increased in recent years (Nezarat and 
Gholami, 2009). Beneficial soil microorganisms positively 
influence crop growth, as some of these have the ability 
to fix atmospheric nitrogen for plants, and enhance the 
solubilization of minerals like phosphorus solubilizing 
bacteria (Gholami et al., 2009). Soil microorganisms 
interact with plants and play a pivotal role in nutrient 
cycling. The involvement of soil microbes in the provision 
of soil ecosystem services is well known (Barrios, 2007). 
In recent years, several studies have been conducted to 
appraise the potential of SAPs application to improve 
the physico-chemical properties of soil, and promote 
the growth of crops (Busscher et al., 2009). However, the 
interaction between SAPs application and soil microbial 
properties is not well understood and many germane issues 
pertaining to this aspect still need researcher attention. A 
study conducted by Li et al. (2014) reported that SAPs 
application with Jaguar C and Jaguar S (extracted from 

natural plants) somehow increased the soil microbial 
activity under wheat cultivation; which may lead to increase 
in nutrients availability to plant roots, and higher crops 
yield (Tu et al., 2003). This approach works efficiently even 
under suboptimal conditions. For example, Li et al. (2013) 
demonstrated that the application of SAPs with Jaguar 
C and Jaguar S significantly improved the soil microbial 
biomass carbon (19%–32%) and soil microbial respiration 
(37%–52%) under water deficit conditions. These authors 
further reported that SAPs application to cabbage (Brassica 
rapa) fields, can enhance the soil microbial activities (Li 
et al., 2013). Also, SAPs are cross-linked macromolecules, 
used for the absorption and retention of water into the 
soil. SAPs applied with BFs successfully improved the soil 
physical properties, and created a congenial environment 
for inoculant functioning (Dorraji et al., 2010; Li et al., 
2019). Arboxymethylcellulose/acrylic acid (CMC/AAc), 
a well-known biodegradable polymer, created a favorable 
environment for microorganisms, and the biodegradability 
of this polymer can also enhance the emergence percentage 
and growth of plants (Sutradhar et al., 2015). In a recent 
study, Li et al. (2019) studied the synergetic effect of SAPs 
and BFs (Bacillus sp. L-56 and P. beijingensis BJ-18). These 
authors found combination of SAPs and BFs improved 
the soil fertility status, and growth of cucumber (Cucumis 
sativus L.) and wheat. In crux, the combined application 
of SAPs with BFs has the potential for increasing the water 
and nutrients availability to the plants, thereby enhancing 
the growth and yield of different crops.

Table 2. Different types of SAPs commonly used for slow release of nutrients.

SAPs type Releasable nutrients Impacts Reference 

Semi-IPNs superabsorbent
(WSC-g-PAA/PVA/NP) Nitrogen and phosphorus Decreased leaching losses and increased 

water holding capacity. (Li et al., 2015)

LR-g-PAA/MMT/Urea
(leftover rice-g-poly (acrylic acid)/ 
montmorillonite/Urea)

Nitrogen 
As slow-release fertilizer, commonly 
recommended for the agronomic and 
horticultural crops. 

(Zhou et al., 2018)

Gum tragacanth acrylic acid based 
hydrogel

Potassium and 
phosphorus

Have more biodegradable capacity, upon 
application to the soil, it increased the 
percentage of soil organic carbon

(Kaith et al., 2015)

Compound-SAP Nitrogen, phosphorus and 
potassium

As slow-release nutrient, provided a good 
source of essential plant nutrients

(Zhengwen et al., 
2011) 

Amide hydrogel and wheat straw-g-
poly(acrylic acid) Nitrogen Used as a carrier for controlled urea 

release
(Guo et al., 2005); 
(Liang et al., 2009)

hydroxyethylcellulose hydrogel  Nitrogen As slow-release nutrient, provided a good 
source of essential plant nutrients (Ni et al., 2011)

Tragacanth gum/acrylic acid hydrogel As controlled release fertilizer can 
enhance water-holding capacity of soil (Kaith et al., 2013)



JAMAL et al. / Turk J Agric For

669

4. Application of SAPs under different abiotic stresses
4.1. Application of SAPs under salinity stress
Salinity is a major environmental constraint for arid and 
semiarid areas that limits crop growth, and productivity 
(Bose et al., 2014). Salinity stress adversely affects plant 
growth due to osmotic stress, ionic toxicity and mineral 
deficiencies (Hussain et al., 2021). Moreover, salinity stress 
also disturbs physiological, biochemical and molecular 
processes in plants (Munns and Tester, 2008; Bose et al., 
2014). As an outcome of specific ionic toxicity and osmotic 
imbalance, the production of reactive oxygen species 
(ROS) is increased, which causes damage to the cellular 
membranes, DNA structure and proteins (Munns and 
Tester, 2008). At field level, salinity reduces the emergence 
percentage by posing physiological drought that causes 
reduced uptake of water and ions and also retards the 
growth and yield contributing traits (Bhutta and Hanif, 
2010). In recent years, various approaches have been 
developed in the quest for better crop performances under 
saline environments. In this connection, the application of 
SAPs has been found as a cost-effective and environment-
friendly approach for enhancing crop performance 
under saline conditions (Marandi et al., 2006; Dehkordi, 
2017). In past, SAPs such as Alginate-Poly (Marandi 
et al., 2006), and sodium polyacrylate (Ma et al., 2004) 
were successfully applied for enhancing crop growth e.g., 
tomatoes, lettuce and cucumber (Sayed et al., 1991), annual 
rye grass (Ahmad and Verplancke, 1994), and cabbage 
(Brassica oleracea L.) (Silberbush et al., 1993), under 
saline conditions. In addition, several types of SAPs have 
showed higher tolerance against salinity, of which, sodium 
acrylate‐co‐acrylamide, potassium methacrylate (Raju et 
al., 2002), sodium polyacrylate (Ma et al., 2004), semi‐2 
IPN PVA/PSA hydrogel (Li et al., 2004), and Stockosorb 
K 410 (Hüttermann et al., 1997) were commonly used. 
Previously, Chen et al. (2004) showed that the application 
of SAP (Stockosorb K410) enhanced the root and shoot 
growth, improved Ca2+/Na+  concentration, enhanced 
Ca2+  uptake, and thus conferred tolerance under salinity 
stress. Moreover, Seyed et al. (2010) also demonstrated 
that the application of SAPs significantly increased the 
water holding capacity in the presence of salts. Similar 
findings were reported by (Dorraji et al., 2010) who 
demonstrated that SAP application (with Superab A200) 
resulted in the highest aerial and root biomass, increased 
soil water holding capacity, productivity, and water use 
efficiency of maize grown under saline conditions. In 
a recent study, Zhao et al. (2019) concluded that SAPs 
application remarkably increased the water storage 
capacity, and minimized evaporation losses. Another 
study by Kant et al. (2008) revealed that the application 
of SAPs (hydrogel) enhanced the plant N and P contents, 
growth traits and availability of water and nutrients, and 

reduced soil Electrical conductivity, nitrate and proline 
content, and electrolyte leakage of plants under saline 
environment. Under salinity stress, improved tolerance 
was also attributed to decrease swelling of SAPs owing 
to support the anionic electrostatic repulsion. These 
encouraging findings suggest that SAPs application can 
significantly enhance the morpho-physiological traits 
and appears to be highly effective in alleviating salinity 
stress. However, a thorough understanding of molecular 
mechanisms of SAPs mediated improvement in salinity 
tolerance is required for a better insight.
4.2. Application of SAPs under heavy metal toxicity
Soil contaminated with heavy metals severely affects 
plant growth and development. Different physical, 
biological and chemical techniques have been developed 
for the remediation of contaminated soils; however, 
these techniques are costly, time consuming and often 
exert their own cons on environment (Mishra et al., 
2017). Accruing interest in the remediation of heavy 
metals has stressed the need to improve the existing 
approaches and the application of SAPs has emerged as a 
sustainable approach to remediate contaminated soils. It 
is unequivocal that SAPs have the ability to adsorb heavy 
metals ions, dyes and organic pollutants from the soil and 
wastewater (Rehman et al., 2019). Application of SAPs 
including humic substances, zeolites, expands clay and 
porous ceramics results in decreasing the bioavailability 
of heavy metals for plants by restoring the ionic balance 
within the soil environment. SAPs have a high density of 
metal chelating groups in the gel and are well suited to 
bind heavy metals and thus have the ability to decrease 
their availability for plants. High ability to adsorb heavy 
metals ions, ease in handling, cost-effectiveness, and a 
high degree of recyclability and biodegradability have 
increased the use of SAPs in the agricultural sector. A 
study conducted by Moghadam (2017) revealed that 
the application of SAP significantly enhanced the total 
chlorophyll content, and yield traits (1000-grain weight) 
and alleviated the arsenic-induced oxidative stress in wheat 
by activating the enzymatic antioxidants (SOD and CAT). 
Moghadam (2016) revealed that combined application of 
SAP (SUPERAB-A200) with foliar spray of ascorbic acid 
significantly enhanced performance of wheat grown under 
cadmium (Cd) contaminated soil. Moreover, Moghadam 
(2016) also evaluated the role of SAP in mitigating the 
adverse effect of Cd stress, and demonstrated that SAPs 
application positivity enhanced the chlorophyll content, 
seed weight, and ascorbic acid content; while it prevented 
the Cd accumulation in wheat. Another study by Huang et 
al. (2016) concluded that SAPs can decrease the adsorbent 
of lead (Pb) and Cd by 50% and 80%, respectively in maize. 
The corresponding values were 69% and 33%, respectively 
for the soybean (Glycine max L.) crop. In general, soil 
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amendment with SAPs shows greater adsorption capacity 
for heavy metals and pollutants, restores the ionic balance, 
and thus enhances the plant’s ability to withstand heavy 
metal-induced stress on contaminated soil. 
4.3. Application of SAPs under drought stress
The application of SAPs is a useful technique for combating 
drought stress in crops and alleviating its detrimental 
effects (Smagin et al., 2014). SAPs, as water retaining 
materials, can store a huge quantity of water and nutrients 
and release them slowly when required by plants (Figure 
2) (Yazdani et al., 2007). SAPs application conserved 
soil water and nutrients and enabled easy access for 
plants, reduced oxidative stress and increased biomass 
production of maize under drought conditions. Moreover, 
SAPs (acrylamide–potassium acrylate copolymer) also 
significantly increased plant growth, chlorophyll contents, 
photosynthesis efficiency, and relative water content, and 
enhanced the activities of antioxidant enzymes such as SOD, 
and POD in areca (Areca catechu L.) under severe water 
deficit conditions (Li et al., 2018). Likewise, Bagherifard 

et al. (2020) stated that soil amendment with SAPs (A200) 
improved the morpho-physiological attributes and yield-
related traits of caper (Capparis spinosa L.) under drought 
conditions. Further, Tongo et al. (2014) also reported that 
the application of SAPs (Aquasorb) significantly enhanced 
the chlorophyll contents, and antioxidant enzyme activities, 
and successfully reduced the adverse effects of drought on 
Acacia victoriae. Similarly, Nazarli et al. (2010) reported 
that SAPs application significantly increased the chlorophyll 
content of sunflower (Helianthus annuus L.) under drought 
conditions. Application of SAPs (with  stockosorb and 
zeolite) showed significant positive effects on morphological 
traits (such as plant height), and soil characteristics (such 
as EC, pH, field capacity, available water, soil bulk density, 
and porosity) under water deficit conditions (Yousefian 
et al., 2018). It has been found that seeds of Caragana 
korshinskii coated with SAPs showed enhanced emergence 
percentage and seed vigor, and manifested reduced electrical 
conductivity, proline contents and reactive oxygen species  
to ROS under drought stress (Su et al., 2017). It was found 

 
Figure 2. Application of superabsorbent polymers (SAPs) for enhancing water and nutrient retention and uptake. SAPs are 
hydrophilic in nature thereby sustaining water supply for a prolonged period. Soil amendments with SAPs improved soil 
physicochemical properties, nutrient retention and uptake thereby improving seedling growth.
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that the use of SAPs favored the water holding capacity of 
the soil, and increased the yield traits of Calendula officinalis 
L. under water deficit conditions (Nejatzadeh-Barandozi, 
2019). A recent study conducted by Abrisham et al. (2018) 
revealed that the application of SAPs increased the soil cation 
exchange capacity, enhanced growth indices and emergence 
of  Seidlitzia rosmarinus  under water deficit conditions. 
In conclusion, above discussed studies indicate that the 
application of SAPs, either soil applied or seed coating, can 
improve the morpho-physiological and yield traits, and 
enhance the activities of enzymatic antioxidants in plants 
which is helpful for plants to overcome drought stress.

5. Constraints
During the last decade, the use of SAPs in agriculture has 
gained popularity, especially to cope with crop production 
on marginal lands and alleviate abiotic stresses. However, 
many limitations related to the application of SAPs exist 
and need to be resolved to harness full benefits. Some of 
the SAPs are too costly and have diversified chemistry, 
therefore, it is difficult to adopt on the field scale by 
resource-poor farmers. Secondly, there is a lack of unified 
standards for gels formation. Some types of SAPs somehow 
have less water retention capacity, identification of these 
types is mandatory for wider application, especially on 
marginal lands. Due to high molecular weights, some 
types showed relative low effectiveness and hydrophilic 
properties. Degradation of SAPs is a slow process, and on 
average 5–7 years are required for complete degradation. 
During the degradation process, fungus attack is increased. 
The polymers are nontoxic in nature; however, some 
types have a carbon-carbon (C-C) high molecular bond, 
rendering them to bacterial degradation. The existence of 
environmental pollutants especially heavy metals reduces 
the effectiveness of SAPs, especially on marginal lands. 
Some types can dehydrate rapidly in a short period of time; 
thus, they lose their absorbed water quickly. Consequently, 
the water absorption capacity of SAPs decreases sharply 
in problematic soils having more Ca2+ and Al3+ ions. A 
higher application rate of SAPs not only decreases their 
effectiveness, but also the rewetting, and other hydraulic 
properties (Geesing and Schmidhalter, 2004). 

6. Conclusions and perspectives 
Superabsorbent polymers, as an environment-friendly 
approach, have the potential to achieve the maximum 

benefits from marginal lands. Application of SAPs 
enhances the germination rates, seedling growth, and 
seed yield in various crops. SAPs, being hydrophilic in 
nature, enhance water and nutrient use efficiencies, and 
retained soil water retentions. Under stress conditions, 
SAPs improve Ca2+/Na+ concentrations, reduce EC, 
osmotic effects, and MDA content, and restore ionic 
balance, thereby enhancing the crop’s ability to withstand 
abiotic stresses. 

However, polymers purposefully introduced in the 
field till now have some limitations. Their commercial 
application depends on environmental fate, sustainability, 
and cost-effectiveness. A copolymer (vinyl acetate and 
maleic anhydride) initially launched in the market under the 
trade name Krilium was removed just because of high cost, 
application complexity and poor distribution in the field. 
Although, most of the researchers performed experiment/s 
at small scale in the greenhouse or laboratory conditions 
yet cost value of many crops is substantially exceeded when 
SAPs are applied at a large scale. Also, SAPs modulate the 
EC and pH of soils depending on the synthetic material 
and chemical structure of polymers and physicochemical 
characteristics of the soils. Therefore, future studies should 
consider these aspects for rationalization. Biodegradable 
polymers can be developed from the farm and agro-
industrial waste. The production of SAPs with enzymes, 
microbes, and plants represents a cleaner and safer way. 
Likewise, the development of novel polymers through the 
use of modern techniques provides key opportunities to 
increase crop production on marginal lands. The rapid 
growth in nanotechnology has led to the exploration of 
SAP composites for applications in biotechnology and 
biomedical technologies, but this approach needs to be 
used for various agricultural applications. Additionally, a 
cost comparison of various preparation techniques (such 
as bulk polymerization, solution polymerization and 
radiation polymerization) should be done to explore the 
cost-effectiveness. New ideas to prepare the SAPs especially 
for environmentally and economically acceptable, with 
improved mechanical properties, characteristics with fast 
response time, maximizing water absorption and release 
capacity, and biodegradability in all types of soils are just a 
few examples of SAPs with a smart future.
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