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ABSTRACT

Soil salinity and water scarcity has been recog-
nized as an emerging threat towards food security
globally. Since the beginning of the 21*' century, it is
projected that the salinity poses detrimental effects
on the arable lands. It affects around 60 Mha or 20%
of'the total farmlands that accounts for more than 6%
of the total cultivated area worldwide. This leads to
the accumulation of various kinds of soluble salts
(NacCl, KCI, MgCl,, and Na,SOy4) in productive soils
probably because of lack of good quality irrigation
water. Altogether, salinity arises osmotic stress, ion
toxicities, and water deficit in the root zone of saline
soils which poses severe risks to crop growth and
productivity. Several conventional methods (e.g., ex-
cavation, flushing, and addition of organic and inor-
ganic amendments) have been used to reclaim salt-
affected soils hence, disturbing the agro-ecosystems.
Therefore, to address these risks, a novel approach
using super absorbent polymers (SAPs) has been
adopted for soil restoration. These SAPs have the po-
tential to absorb water up to 500 times of its size as
well as store water and dissolve nutrients in it so that
plants can use them accordingly. In the agriculture
sector, SAP water crystals acts as a water reservoir
for plants during the water shortage period. These
SAPs can retain in the soil for one year and reduce
osmotic stress by enhancing soil water holding ca-
pacity. Moreover, the addition of SAPs in the saline
soil improves soil health by reducing soil bulk den-
sity and various other plant growth variables such as
nutrients uptake and leaf pigments however, it en-
hances C assimilation in early crop growth, thereby

decreasing antioxidant activity and EC of saline soils.

It is necessary to carry out field research on a large-
scale using Sap in different soil types in order to

standardize the quality and quantity of different soils.

Overall, the use of SAPs can be adopted as a possible
novel approach to cope with the increasing salinity

problems that directly affetcs the global food security.
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INTRODUCTION

The establishment of new agricultural technol-
ogies is questionable for how to improve the growth
and yield of edible crops in order to overcome the
requirement of increasing population. Recently, the
report on global agriculture production estimated
that the current growth rate of agricultural commod-
ities is not sufficient to fulfill the needs of 10 billion
people in 2050 [1]. In light of this report, it is im-
portant to mention the basic limitations in the agri-
culture sector especially in arid areas such as short-
age of water, degradation of productive soils due to
erosion and salinization. Besides this, several abiotic
factors including irregular use of fertilizers and pes-
ticides, high temperature, soil pH, drought and salin-
ity also have a contribution in declining crop produc-
tion [2]. Above all, salinity is considered the major
constraints for arable lands to produce healthy crops.
Previous studies have explained the effects of salin-
ity on plant growth and development with slight
amendments to ameliorate this stress. This review
will focus to highlight the application of super absor-
bent polymer in saline soils that could enhance plant
growth including the challenges and future recom-
mendations.

Saline soils and their distribution: The soil is
considered to be salt-affected if total salt concentra-
tion, individual salt/mixture of salts in the soil
reaches its highest limit to impede plant growth,
damage plant tissues, and decline yields [3]. In addi-
tion, saline soil is a soil having 15% exchangeable
sodium or electrical conductivity of saturation ex-
tract (EC,) in the root zone above four dSm™' (about
40 mM NaCl) at 25 °C is called saline soil ( Munns,
2005; Jamil et al., 2011). Saline soils generally con-
tains a diversity of cautions like sodium, calcium,
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magnesium and potassium as well as a variety of an-
ions like chloride, sulfate, bicarbonate, and car-
bonate while occasionally borate and nitrate. Salt-af-

fected soils have been classified into three categories:

1) soils having excess soluble salts are called saline
soils2) soils having excess exchangeable sodium are
called sodic soils and 3) soils having both excess sol-
uble salts as well as excess exchangeable sodium are
called saline-sodic soils. Therefore, based on the
above facts the soil salinity is probably the key dev-
astating environmental stress that reduces cultivated
soil, crop yield and crop quality [4, 5].

Furthermore, soil salinization is a massive
threat to irrigated agriculture, especially in arid and
semi-arid regions. Around 20% of the total culti-
vated soils among which 33% of world irrigated ar-
eas are severely threatened by salinity which ac-
counts one-third of the world’s food requirement [6].
Salinization is increasing abruptly by 10% annually.
Major sources of salinization includes the weather-
ing of native rocks, high surface evaporation, low
precipitation, irrigation with saline water and poor
cultural practices It has been estimated that saliniza-
tion would spread over 50% of the arable land by
2050 [7].

The salinization is increasing continuously in
soils of hot and dry regions of the world, which re-

duces the production potential of the respective lands.

Irrigation water used to grow crops in these areas and
inadequate irrigation management resulted in sec-
ondary salinization that affects 20% of irrigated land
worldwide [8]. Secondary salinization of water as
well as soil resources is common in arid and semiarid
areas. Recently, excessive use of fertilizers in agri-
cultural production to feed the massive population
imposes the induction of salts in the productive lands
which might hinder plant growth due to the osmotic
effects. Apart from this, presence of salts in irrigation
water may also enhance the chances of salinity in
productive lands [9]. Presence of salts in soils as
an ionic form during weathering of mineral poses
harmful impact on the vegetative growth of plants
additionally, ions can be transported from irrigation
water or fertilizers or occasionally come out in soil
profile from shallow groundwater also impose os-
motic stress [10].

Soil is considered as a sink of essential nutri-
ents and harmful ions, which are easily taken up by

plants to fulfill their needs throughout their life cycle.

Excessive accumulation of soluble salts instead of
essential nutrients may have the ability to induce
morpho-physiological disorders in plants. Moreover,
severe disturbance in soil physical, chemical, and bi-
ological properties might result in serious conse-
quences in terms of natural resources, e.g. compac-
tion, inorganic/organic contamination, and dimin-
ished microbial activity/diversity [11].

Osmotic stress in saline soil affects optimum
growth and development: Saline soils poses threats
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to plants in various ways. One of the possible out-
comes is water scarcity in the rhizosphere that leads
to osmotic stress. The higher contents of salts effec-
tively reduce water potential and hinder water ab-
sorption through roots. Along with the osmotic stress,
some plants species have also been affected by spe-
cific ions especially Na and Cl ions. Saline soils are
recognized because of its higher electrical conduc-
tivity (4 dS m sodium percentage (154 dS m!), re-
spectively.

Additionally, the increasing soluble salt con-
centrations in soil solutions up to 40 mM NaCl can
create osmotic pressure (-0.2 MPa) and decrease soil
water energy gradients, which hinders the water
movement through root membranes into plant tissues.
The water uptake rate gradually slows down because
of excessive soluble salts in soils through several
mechanisms including diffusion, mass flow and root
interception within the plant's cell. Such kind of salt
induced osmotic stress encountered at root mem-
brane poses drastic effects on the internal cell mem-
branes of the plants [12, 13]. [14] Suggested that the
osmotic potential (o) of the solution in the growing
media was considered as a suitable candidate to ex-
amine the whole-plant response to salinity in terms
of'ions concentration. On the other hand, [15] briefly
explained the significant importance of water poten-
tial to judge the salinity and drought stress on the
soil-plant ecosystem. Besides this, they have sug-
gested that total soil water potential (Wy-soit) 1S @ Sum-
mation of Wo and matric potential (W) (Equation. 1).
At the same time, presence of soluble salts in irriga-
tion water is also the key factor that may have poten-
tial to decreases Wo and Wy, of soil [16]. It is noticed
that soil Wo play a vital role to influence the total soil
water potential (Ww-soi1). [17] reported that Yo, as
well as Wy-soit, declined linearly with the prominent
increment in EC of irrigation water whereas the com-
position of salts in irrigation water has no significant
effect on Wy-soit-

Wi-soilt = ¥ 0-s0il T ¥ mosoil (Equation 1)

Where Wi refers to the total water potential
of soil, ¥ o-seil as the osmotic potential of soil and ¥
msoil @s the matric potential of soil. The osmotic
stress has a flow-on-effect that causes reduction in
the cell expansion rate of growing tissues and mini-
mize the size of leaf stomatal apertures via internal
signals, which effectively influence CO, stomatal
conductance that leads to reduced photosynthesis.
Such a depression in photosynthesis negatively af-
fects the leaf area formation that reduces transloca-
tion towards meristematic as well as growing leaves
and root tissues. On the whole, it is concluded that
the significant increment in EC can lower the soil os-
motic potential that reduced soil water potentialin
which hinders the water movement from soil to plant
under saline conditions.

Maintaining lower ¥w-plant than Ww-soil as
main regulatory mechanism to keep the normal
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growth: Plants are facing salinity problems that
should be addressed in order to adjust their water po-
tential by decreasing their leaf/plant osmotic poten-
tial. It can be achieved by absorbing water and nutri-
ents from saline soilsthat may lead to lower the soil
osmotic potential against the normal soils. It is nec-
essary to maintain the energy gradients between soil
and plant water potentials ashe accumulation of a
higher quantity of organic or inorganic solutes in
salt-tolerant plants under saline conditions can con-
sider osmotic adjustments. There are 3 key possibil-
ities available for osmotic adjustments of plants: (i)
Organic osmolytes/compatible solutes accumulation
from the external environment; (ii) Denovo synthe-
sis of organic/compatible solutes and (iii) Inorganic
osmolytes like Na*, Cl- and K* accumulation in plant
cell vacuoles [18-20].

The prominent variation was observed between
the two types of plants 1) very sensitive “glyco-
phytes” and 2) less/non-sensitive “halophytes” with
reference to adjustments in saline media. Glyco-
phytes showed the effects of salinity at the concen-
tration of less than 50 mol m~salt, while halophytes

showed effects at 500 mol m= salt [21]. The
Suaeda maritime L. is a halophyte that showed opti-
mum growth at around 200 mol m™> and it can toler-
ate up to 1000 mol m™3 salinity levels [22]. Unfortu-
nately, the major field crops are non-halophytic uni-
versally, like bean yield is suppressed almost com-
pletely at 50 mol m~ [23]. The plants can synthesize
organic solutes or accumulate inorganic components
to make osmotic adjustments under salinity stress.
Moreover, plants used extra energy in osmotic ad-
justments rather than using for growth that leads to a
reduction in plant growth and ultimately yield. The
reduction in the water contents occurs due to the ac-
cumulation of higher salt concentration in saline
soils to keep root/plant water potential lower than ex-
ternal growth medium [24]. Thus, learning from
the osmotic adjustment in plants, it was hypothesized
that the soil water potential can be kept higher by
keeping the osmotic potential higher and adding the
super absorbent polymers (SAPs) in saline soils to
maintain water potential gradients between soil and
plants. Figure 1 shows the pictorial view of this key
amendment.

FIGURE 1

Soil water potential mainly consists of 2 components, soil osmotic potential (Wo-soit)
and soil matric potential (¥m-soil).

The Wm-soil is main contributor under normal condition while, Wo-soil is main contributor under saline condition. Addition of

soluble salts increases the EC of soil solution, and in saline soils, the contribution of Wo-soil is considered about 76-97% de-
hand, addition of super absorbent polymer (SAP) increases the soil
osmotic potential as well as soil water potential that maintain energy gradient between soil and plant for water uptake.

pending upon the salinity level [25]. On the other tk-q
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WHETHER OSMOTIC STRESS CAN BE
REDUCED BY INCREASING SOIL WATER
HOLDING CAPACITY THROUGH SAP
INCORPORATION IN

SALINE SOILS OR NOT?

Abiotic stress especially, salinity stress impose
severe threats to natural agro-ecosystem. Thus, ur-
gent measures need to be taken to develop salt re-
sistance varieties and possible inventive agronomic
approaches to protect the further degradation of pro-
ductive farmlands. There are hydrophilic polymers
which are used in agriculture and are commonly
made up of starch-polyacrylonitrile graft co-poly-
mers (starch co-polymers: SCP), acrylamide sodium
acrylate co-polymers (cross-linked polyacrylamides:
PAM) and vinyl alcohol-acrylic acid copolymers
(polyvinyl alcohols: PVA) [26]. Synthetic polymers
such as PAM and PVA are generally used than natu-
ral polymers like SCP [27]. They were made in Japan
during the mid-1970s as personal care and hygienic
products (disposable diapers, surgical pads, sanitary
napkins) and were firstly originated in the United
States of America as water-retaining agents in agri-
culture. These are considered as a hydrophilic gell,
present both in natural and artificial formations that
have swelling and shrinking properties. They are
used as artificial snow for skiing areas, soil condi-
tioner or as artificial soil medium for hydroponics,
as controlled releasing agents for pharmaceuticals or
agrochemicals, and other numerous applications
[28°29]. These can be used to enhance soil water
holding capacity and known as powdered water.
Powdered water is also known as rain/solid rain/hy-
drogels/super absorbent polymers (SAP) [30]. These
polymers can be retained in the soil for one year and
can absorb water up to 500 to 1000 times and even
up to 1500 times of its size [31]. Ten-gram solid
rain can absorb one liter of water by transforming it
into gel-like solid/water crystals. It acts like a sponge
and keeps the surrounding material damp but not wet
[32,33].

These water crystals absorb and store water as
well as dissolve nutrients in it so that plants can use
it when required. In the agriculture sector, these wa-
ter crystals acts as a water reservoir for plants during
water shortage period and did not compete with
plants for moisture. Water crystals gradually drained
water by transpiring plants. When soil is irrigated
again, then water crystals will absorb water again
and this process continues many times [34]. Super
absorbents acts as cross linked hydrophilic polymers
that were widely applied to preserve agricultural,
horticultural, artificial snow, sanitary goods and
drugs delivery [35]. Due to their greater molecular
mass, they have the potential to absorb liquids solu-
tions and water in large quantity. The SAP addition
in sandy soil increased its water holding capacity
against salty, clayey and loamy textured soils [36,
37]. They are widely used to improve soil physical
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properties including soil permeability, infiltration
rate and water holding capacity that may reduce soil
compaction and soil erosion and thereby improve
soil water use efficiency. It also increased the water
availability to plants for a long time under normal
and restricted irrigation conditions[38] .
Furthermore, it was reported that the addition
of SAP increased soil water holding capacity as well
as available water to plants. SAP has the potential to
maintain plants growth until plants started to die af-
ter 19 days during their growth in SAP amended soils
while plants died within five days in those soils
where SAP amendments have not been used [39,40]
SAP has the ability to minimize the rate of evapo-
transpiration as well as minimize the chances of salts
accumulation into plants tissues through roots and
thereby improve nutrients status in the soils [41].
Drought sensitive plant Petunia parviflora (petunia)
responded well to SAP under water deficit environ-
ment and increased flower numbers as well as dry
matter accumulation [42]. Apart from this, lettuce
(Lactuca sativai), radish (Rhaphanus sativa), and
wheat (Triticum aestivum) showed an increase in
wilting time and dry matter accumulation under wa-
ter deficit conditions than SAP treated environment
[43,44]. Therefore, considering the suitable solution
to the salinity stress, SAP can be used as super water-
absorbent to improve plant growth and development.

SAP ADDITION IMPROVES PLANT
GROWTH UNDER SALINITY STRESS

It has been observed that the addition of super-
absorbent acrylate polymers (SAPs) in dry lands ar-
eas can enhance water usage [45]. Recently, use of
SAPs is considered as an innovative approach that
has been endorsed by farmers to improve soil mois-
ture content  [46], minimize soil water loss and pro-
mote crop yield across the globe [47] investigated
that the efficiency of SAP “Stock absorb K 410” with
dose levels 0, 0.5%, and 1.0% w/w along with vari-
ous salt concentrations (0, 30, 60 and 120) reduced
root and shoot biomass, chlorophyll content, nitrate
content and as well as reduced macro-element up-
take by bean (Phaseolus vulgaris L.) plant tissues.
The different salt sources and doses drastically af-
fected the studied parameters, while an ionic balance
in soil solution might be essential for plant growth
and salinity tolerance. Plant N, P, K, Ca, Mg, NOs,
total leaf chlorophyll content, and leaf area had a
negative relation to salt concentrations. In contrast,
proline content and electrolyte leakage had a positive
relation to salt concentrations. Bean plants evolved
complex mechanisms to adapt themselves against
osmotic and ionic stress under high salinity. [48] re-
ported that the incorporation of SAPs into salt-af-
fected soils could prominently enhance maize yield
by improving soil physical properties and water use
efficiency in arid lands. A similar study was reported
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by [49] indicated that the use of SAP along with
chemical fertilizer significantly improved plant dry
biomass and yield along with promoting seed sprout-
ing time of Pinus pinaster. [50] observed that the ad-
dition of SAP “Stockosorb K-400” at 0.4-0.6% in
the salt-affected soils could promote Conocarpus
erectus L. seed emergence by improving drought tol-
erance. Moreover, the SAP application effectively
enhanced N and P uptake by plants and thereby re-
duced other harmful ions accumulation into plants
tissues by reducing saline toxicity. [51] studied bean
plant (Phaseolus vulgaris) to evaluate the efficiency
of SAP on the key antioxidant enzymatic activity
like superoxide dismutase (SOD), catalase (CAT)
and peroxidase (POD), membrane permeability and
salt tolerance index (STI) under saline conditions.
They had used SAP at 3 levels (0, 0.05, and 0.1%
w/w) along with four salinity concentrations of eight
salt sources. Furthermore, they revealed that the SAP
addition in saline soil improved the high salinity af-
fected variables and decreased soil EC and electro-
lyte leakage enhanced salt tolerance index and de-
clined SOD and POD enzyme activity. The results of
this study projected that SAPs have great potential to
reduce salinity stress on plant growth and growth pa-
rameters in saline soils under arid and semi-arid re-
gions. A general model shows how SAP addition im-
proves plant growth by holding more water per unit
soil area (Figure 2).

The SAP effect under saline condition was
evaluated on woody plant Populus euphratica
growth and their relationship with specific ions. The
SAP “Stockosorb K410” treated plants showed
higher root surface area and root length than saline
soil without SAP amendment. SAP amendment
had cation exchange character, salt-buffering capac-
ity and enriching Ca®" uptake property, which im-
proved the soil solution quality by reducing the salt
level (lowering Wo-soil). [52] explained the tolerance

mechanisms of Populus euphratica where 6% of the
total roots area was covered with SAP fragments that
provide the best contact between roots and Ca**
source however, this contact was reduced when so-
dium (Na") and chloride (CI") ion availability was in-
creased.

[53] incorporated sands with SAP to study the
potential of SAP on maize (Zea mays) crop develop-
ment under saline conditions. The seeds were germi-
nated in sand/SASP mixture (80:20 v/v) with Hoa-
gland nutrient solution. Later on, the seeds were
transplanted after seven days of germination into a
90:10 v/v sand/SAP mixture in plastic bags. The five
concentrations (0, 2000, 4000, 6000, and 8000 ppm)
of three salts NaCl, CaCl,, MgCl solutions were ap-
plied to field capacity twice a week. The SAP incor-
poration with sand decreased salinity effects. The
germination percentage, shoot height, root extension,
shoot dry mass, root dry mass, shoot succulence,
grain weight per pot, straw weight per pot, harvest
index, chlorophyll a, chlorophyll b, carotenoids, and
photosynthetic activity were increased under SAP
treated sand than pure sands. The results revealed
that the greater adaptation of maize under salinity
stress might be due to the significant contributions of
SAP in improving soil properties.

Dorraji et al. (2010) studied the different ratios
of SAP (0, 0.2, 0.6% w/w) named as “Superb A200”
under three salinity levels (initial salinity, 4 and 8
ms/cm) on available water content (AWC), water use
efficiency, and plant dry mass of maize (Table 1).
Maize crop was grown as a test plant in SAP
amended loamy sand and sandy clay loam soils. The
results revealed that the addition of SAP at 0.6% w/w
prominently improved available water content by 2.2
and 1.2 times higher than the controlled loamy sand
and sandy clay loam soils, respectively. The maxi-
mum quantities of studied traits were recorded in
soils having the lowest salinity level. The SAP

FIGURE 2

The effects of salinity on plant growth and SAP addition in saline soil.
Initially, the growth was stunted under saline conditions (left side) while the addition of SAP increased plant growth (right side)
relative to saline soil only. Also, the addition of SAP increased water holding capacity of saline soil that increased the soil
osmotic and water potential to maintain an energy gradient between soil and plant for water uptake. In figure red circles indicate
salt particles, light blue circles indicate water molecules while purple circles indicate super absorbent polymers (SAP).
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TABLE 1
Effect of different rates of salinity and SAP application on maize crop biomass under sandy
clay loam and sandy loam soils

Salinity SAP application amount (%) Sandy clay loam Sandy loam
ms/cm
Aerial bio- Root bio- Aerial bio- Root bio-

mass mass mass mass

Initial salinity 0 0.90cde 0.37bcd 0.45¢f 0.43d
Initial salinity 0.2 1.52a 0.70a 0.83b 0.58bc
Initial salinity 0.6 1.23b 0.47b 1.02a 0.84a
4 ms/cm 0 0.83ef 0.30cd 0.28¢g 0.38d
4 ms/cm 0.2 1.33b 0.44bc 0.73¢c 0.58bc

4 ms/cm 0.6 1.06¢ 0.44bc 0.65cd 0.77a

8 ms/cm 0 0.69f 0.27d 0.24¢g 0.36d

8 ms/cm 0.2 1.02cd 0.43bcd 0.49ef 0.56¢

8 ms/cm 0.6 0.86def 0.33bcd 0.57de 0.67b

Standard deviation 0.06 0.05 0.03 0.03

This data was taken from Dorraji et al. (2010) to show the effect of SAP on maize biomass.

amendment at 0.6% and 0.2% w/w dose levels in
sandy loam soil and sandy clay loam soil improved
the highest aerial and root biomass as well as water
use efficiency of corn. The current polymer applica-
tion rates showed an increase of 2.6 and 1.7 times in
water use efficiency than control, i.e. sandy loam and
sandy clay loam soils, respectively. Thus, soil water
holding capacity, crop production and water use ef-
ficiency of corn were increased with the use of SAP
in soils generally and especially in sandy soils how-
ever, decreased the negative effects of salinity on the
plant in arid and semi-arid areas.

MOUNTING CHALLENGES
AND FUTURE PERSPECTIVES

Various countries are facing water shortage
problems to meet their urban, environmental, and ag-
ricultural needs. The continuous increment in the
population growth leads to water shortage, which is
becoming an alarming situation for coming genera-
tionss [54,55] Therefore, it is difficult to use exces-
sive freshwater to treat increasing salinity problem.
In addition, another challenge is to feed more than 2
billion people in the next 50 years while maintaining
the rising water needs [56,57] as well as the in-
creasing saline area across the globe. So, it is diffi-
cult to leach down the soluble salts with freshwater
irrigation and to use the SAPs with standing salinity
which is one of the economic techniques to grow
more crops to feed the increasing population with
dwindling water supply. When sandy loam and clay
loam soils were amended with different rates of
SAPs, barley (Hordeum vulgare L.), wheat (Triticum
aestivum L.) and chickpea (Cicer arietinum L.) plant

species showed significant variations at their differ-
ent growth stages. Furthermore, SAPs have more po-
tential to absorb distilled water than the water having
soluble salts. Thus, detailed studies are needed for
the recommendations of specific SAPs according to
various soil types, plant species and water with var-
ying salinity levels [58].To date, most of the studies
have been conducted in pots under controlled condi-
tions. Based on this information, large-scale field
studies should be conducted to prove the effects of
SAPs on crops grown in different types of saline
soils under diverse climatic conditions. More large-
scale studies are also essential to determine rational
quantity for different soil types, application depth
and efficiency of SAP materials under natural field
conditions, especially in arid and semi-arid regions
in the world. Overall, It can be demonstrated that
more studies are required to find the insight reasons
of the said questions, whether the use of a super-
absorbent polymer is beneficial for improving cash-
crop yields and alters the socio-economic values of
small scale farmers or not? Besides this, several
workshops and seminars might be arranged in col-
laboration with public and private sector organiza-
tions in order to strengthen the research and devel-
opment in both sectors. . It is also suggested to con-
duct several trials to analyse SAPs effects on soil
health just to ensure the environment friendly and
sustainable approach for arid and semi-arid regions.

CONCLUSIONS
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Salinity is one of the major abiotic stresses and
a great threat to irrigated agriculture. Soil osmotic
potential depression diminishes water energy gradi-
ents and hinders water uptake by plants. The present
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study suggested that the superabsorbent polymers
can improve soil properties that may have a great
contribution to improve crop performance under
drought and salinity stress. The prominent increase
in water use efficiency and availability for the plant
could explain the beneficial effects of SAP when in-
corporated into the salt-affected soils. The SAPs can
hold water up to 1500 times of their size and they are
used to enhance soil water holding capacity as well
as available water to plants. The addition of SAPs in
saline soils for different plant species revealed posi-
tive effects on plant development, growth, physiol-
ogy, nutrient uptake and biochemical characteristics.
Therefore, SAPs can be adopted as a soil amendment
to increase water uptake of the crop in order to main-
tain crop yield and to cope with increasing salinity
problems.

ABBREVIATIONS

SAPs, Super absorbent polymers; Wil , Total
soil water potential; Wo , Osmotic potential; ¥, Ma-
tric potential
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