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Abstract. In this study, the effect of Super-AB-A-200 polymer on salt and drought resistance of
Eucalyptus globulus Labill. was evaluated. The treatments were: (1) Control, Control + polymer; (2)
NaCl, NaCl+ polymer; (3) Drought, Drought + polymer; (4) Drought + NaCl, Drought + NaCl + polymer.
The results showed that Super-AB-A-200 in root medium helped E. globulus cuttings to resist the salinity
and drought stresses, because of the following reasons: (1) E. globulus roots absorbed the held water from
Super-AB-A-200 polymer in soil water-deficit conditions; (2) in saline conditions, Super-AB-A-200
retained CI" and Na* in the soil solution because of their high water-holding capability, moreover, the
exchangeable K* included in Super-AB-A-200 resulted in an amended K*/Na* balance in salinized plants;
(3) Super-AB-A-200 helped E. globulus cuttings to resist interactive effects of salinity and drought
stresses, which was essentially justified by their salt- and water-holding capabilities.
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Introduction

A lot of countries have not sufficient water resources to confront their actual
environmental, urban and agricultural requirements. With increasing water deficiency,
population and water claims are increasing simultaneously (Bouwer, 2002).
Superabsorbent polymer (SAP) perform as a soil reformer to decrease soil water loss
and increase crop yield. SAP is a hydrophilic polymer that can store and take up 1000
times more water or aquatic solutions than its first weight and size (Sojka and Entry,
2000). Therefore, SAP can increase soil water-holding capacity and nutrient use
efficiency (Lentz et al., 1998) and decrease water loss (Al-Omran and Al-Harbi, 1997).
SAP is applied in the soil to make a water supply, near the rhizosphere zone and
advantage agriculture (Han et al., 2010). Because of the water resource crisis, water-
saving agriculture is necessary for the sustainable development. Moreover, droughts are
anticipated to be increasingly crucial because of climate change (Gornall et al., 2010).
Hydrophilic polymers are usually cross-linked 3-D hydrophilic nets that are able to take
up and keep noteworthy values of aquatic liquids even in certain pressure or
temperature. SAPs are able to perform in several fields like agriculture (Puoci et al.,
2008), sanitary productions (Kosemund et al., 2009), waste water refining (Kasgoz and
Durmus, 2008; Kasgoz et al., 2008; Wang et al., 2008a). SAPs are in three types
containing natural, semi-artificial and artificial (Mikkelsen, 1999). Unnatural polymers
applied more than natural ones because they have more endurance against
environmental collapse (Peterson, 2002). Superabsorbent minimizes micronutrients
from washing out to the water table and causes more water use efficiency, a decline in
costs of irrigation and intervals by 50 percent water stress and damages to transplant
during transferring (Abedi Koupai and Mesforoush, 2009). Teimouri and Sharifan
(2013) assessed the effect of KCI and NaCl in varied concentrations on dehydration and
hydration of some SAPs. According to the results, Super-AB-A-200 and Colophony had
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the most hydration and dehydration respectively. Fazeli-Rostampoor et al. (2011)
showed that drought stress and applying Super-AB-A-200 had a significant effect on
increasing corn grain yield and water use efficiency. Li et al. (2014) reported that the
addition of SAPs significantly increased the soil water content and soil maximum
hygroscopic moisture in the booting and filling stages but had no effects on the soil
available water-holding capacity compared with the control in the filling stage.
Yadollahi et al. (2012) assessed the impact of Super-AB-A-200 and organic matters in
soil water retention and construction of almond orchards in rainfed conditions. The
results showed that Super-AB-A-200 and organic matters could increase soil water
retention significantly. Besides, this conditions could increase growth indices of almond
seedlings. Eucalyptus globulus is a woodland tree and native to Australia, however, it
has been planted in Iran and is under evaluation. In spite of ecological importance,
Eucalyptus has important medicinal and horticultural worth and several species are
applied for forest landscape and street planting. The E. globulus trees are used in the
south of Iran as park landscape and street planting. Besides, salinity and drought
stresses are essential restrictions for their survival. SAPs may help them to tolerate these
harmful stresses. The aim of this study was to evaluate the effects of Super-AB-A-200
polymer on salt and drought resistance in Eucalyptus globulus Labill.

Materials and Methods
Hydrophilic polymer

The hydrophilic polymer Super-AB-A-200, produced by Rahab Resin Co. with
product license holding of Iran Polymer and Petrochemical Institute (Rahab Resin Co,
2016), was used in this study (Table 1). This hydrophilic polymer is a granular-type
tripolymer of acrylamide, acrylic acid, and acrylate potassium.

Table 1. The characteristics of Super-AB-A-200 polymer

Characteristics Super-AB-A-200 polymer
Shape Granular
Density 1.4-1.5 (gr.cm™)
Size of particles 50-150 (um)
Maximum stability in soil 7 (year)
Practical capacity of water uptake 220 (g9.g™")

Experimental treatments

One-year-old cuttings of Eucalyptus globulus (48 plants) were obtained from a
nursery under natural conditions near Shush, Iran. The cuttings were planted separately
in 6-L pots filled with sandy soil. Prior to treatment, the plants were grown in a
greenhouse and well-irrigated with 1000 mL of Hoagland’s nutrient solution every 15
days. Uniform plants with a height of about 90 cm were collected for this study. The
plants were transferred to 15-L pots randomly filled with either saline soil (sandy soil
pretreated with 2000 mL of 300 mM NacCl) or a control soil without the NaCl with the
polymer or without it (0.5% of dry weight). The four treatment groups were classified as
follows: (1) Control + Super-AB-A-200, Control; (2) NaCl + Super-AB-A-200, NaCl,
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(3) Drought + Super-AB-A-200, Drought; (4) NaCl + Drought + Super-AB-A-200,
NaCl + Drought. The drought treatment was applied after the start of water-deficit stress
by withholding irrigation, but the control plants were well-irrigated.

Plant harvesting

The experimental plants were harvested (three replicate plants for each treatment) after
40 days of exposure to drought and salinity treatments. Plant roots were thoroughly
washed with deionized water to remove soil. The fresh weights of the leaves, roots, and
stems were assessed and the tissues were dried in an oven at 65°C for 5-7 days to
determine the dry weight. Dried samples were ground into powder and stored for analysis.

Plant water usage capacity

Each pot containing one plant was covered by a plastic case and protected at the stem
base to stop rainfall and soil evaporation. The water usage was measured as the daily
weight loss of the pot and the plant together over a 12-h period (08:00-20:00) on days
4, 8, 12, 16, and 20 and the mean value of each plant was recorded. Three individual
replicates were examined for each treatment.

Gas-exchange of leaves

The gas-exchange of the 5th through 7th leaves of the E. globulus shoots was
determined on days 17, 28, 34, 36, and 38 and the mean value of each plant was
recorded (the radiation of natural light was greater than 600 pmol m? s*). Stomatal
conductivity (Gs), net photosynthetic rates (Pn), and leaf transpiration rates (TRN) were
recorded between 9:00-10:30 a.m. with a CIRAS-3 Portable Photosynthesis System (PP
Systems, Amesbury, MA, USA) where the photosynthetically active radiation (PAR)
was approximately 1300 pmol m™? s™. If the PAR was very low, the light was
supplemented by halogen lamps (Shi et al., 2010). Leaf temperatures were 30 to 35°C

during the measurements.

lon analysis of roots and leaves

lon analysis was conducted according to Storey (1995). Dried samples (1 g) of roots
and leaves were extracted with 2 NHNO3z. K™ and Na" were measured by an atomic
absorption spectrometer (AAS) (PerkinElmer 2380). PerkinElmer 2380 is a double-
beam, optical system and high-dispersion monochromator with a wavelength range of
190 to 870 nm. CI" was measured by an adjusted method of silver titration. A solution of
AgNO; (0.027 N) was applied to the sediment the CI" of aquatic extracts and surplus,
Ag" was evaluated by NH;SCN (0.01 N) titration. NH4Fe(SO4), was applied as a color
indicator for ionic spot assignment. Concentrations of CI° were determined by the
equation (1) as follows (Shi et al., 2010):

Cl” (mmol g1 DW) = Nagho, v";‘:m“ sca¥s (Eq.1)
where

DW: dry weight (g)

V1. total volume of the AgNOj3 solution in chloride extracts (mL),

V,: volume of the NH,SCN solution, applied for surplus Ag* sediment (mL).
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Soil ion analysis

The soil was sampled at harvest and the soil water content was tested. The soil
sample extracts (dried soil:deionized water = 1:5, w/v) were used to measure CI°, K*,
and Na' contents. K* and Na* were measured by AAS (PerkinElmer 2380) at 771 and
594 nm, respectively; and CI" was measured by silver titration.

The analysis of data

ANOVA was used to compare the data and significant differences between mean
values were measured by Duncan’s multiple range test. Differences between means
were designated as statistically significant when p < 0.05.

Results
Salinity and drought stress-induced leaf damages

Leaf damage gradually increased as the soil water deficit increased and about 40% of
E. globulus leaves were withered after 40 days of drought treatment (Figure 1).

LR
Figure 1. The withered leaves of E. globulus

Dry weight of plant

The dry weights of the E. globulus stems, roots, leaves, and whole plants were
significantly reduced under salinity and/or drought stresses compared to the control.
However, the NaCl + Drought treatment did not decrease dry weight more than the salt
and drought stresses alone (Table 2). The plants treated with the Super-AB-A-200
polymer had higher dry weights compared to the plants without the polymer in all
treatments (Table 2). The stem, leaf, and whole plant dry weights in the NaCl + Drought
+ polymer treatment were not significantly different from the control. This indicated
that the Super-AB-A-200 polymer improved growth under salinity stress, especially in
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drought conditions. In addition, the Super-AB-A-200 polymer significantly improved
the dry weights of the E. globulus stems, roots, leaves, and whole plants in the NaCl,
drought, and NaCl + Drought treatments (Table 2).

Table 2. The effect of Super-AB-A-200 polymer on dry weight of stems,
roots, leaves and whole plants of Eucalyptus globulus under NaCl and/or
drought stresses

Dry weight () Treatment - Polymer + Super-AB-A-200

Control 15.23a" 15.78a"

NaCl 10.42b° 12.71a°

Root B B
Drought 10.63b 12.48a

NaCl + Drought 10.21b° 12.41a°

Control 16.25a" 16.51a"

NaCl 11.48b° 13.69a°

Leaf B B
Drought 11.68b 12.67a

NaCl + Drought 11.31p° 14.98a°

Control 16.49a" 16.41a"

NaCl 11.45b° 13.21a°

Stem 5 B
Drought 11.74b 12.88a

NaCl + Drought 11.390° 14.17a°

Control 52.56a" 53.88a"

NaCl 39.61b° 45.56a°

Plant B B
Drought 40.43b 44.14a

NaCl + Drought 39.12b° 47.68a°

Every value is the average of three separate plants. Values pursued by varied letters in
the similar column (A, B) or the similar row (a, b) are significantly varied at p<0.05.

Plant water use efficiency

The daily water use of the E. globulus cuttings was reduced under salinity or drought
stress in the presence of the polymer, and this decline was further evident in the NaCl +
Drought treatment (Table 3).

Table 3. The effect of Super-AB-A-200 polymer on plant water use
(gH,0day™) in Eucalyptus globulus plants under NaCl and/or
drought stresses

Treatment - Polymer + Super-AB-A-200
Control 164.5a" 168.6a"°
NaCl 141.8b° 165.9a"°
Drought 129.4b° 153.1a°
NaCl + Drought 95.7b° 177.6a"

Every value is the average of three separate plants. Values pursued by
varied letters in the similar column (A, B, C) or the similar row (a, b) are
significantly varied at p<0.05.
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Gas-exchange of leaves

The transpiration rates (TRN), net photosynthetic rates (Pn), and leaf stomatal
conductivity (Gs) of the E. globulus cuttings was reduced over time in the salinity or
drought stress treatments (Table 4). In the NaCl + Drought treatment the TRN, Pn, and
Gs was reduced by 30%, 48%, and 55%, respectively (Table 4). The addition of Super-
AB-A-200 increased the gas-exchange in the NaCl-, Drought-, and NaCl + Drought-
treated plants (Table 4). The effect of the Super-AB-A-200 on the gas-exchange in the
drought-stressed plants was significantly higher than the NaCl-treated plants (Table 4).

Table 4. The effect of Super-AB-A-200 polymer on transpiration rates (TRN), net
photosynthetic rates (Pn) and leaf stomatal conductivity (Gs) in Eucalyptus globulus
plants under NaCl and/or drought stresses

Gas-exchange Treatment - Polymer + Super-AB-A-200

Control 138.56a" 144.32a"

) NaCl 95.22b° 113.76a°

Gs (mmol m™s™) B A
Drought 96.51b 168.58a

NaCl + Drought 62.49b° 130.28a"°

Control 4.21a" 4.453"°

b NaCl 3.51h° 4.18a°

TRN (mmol m™s™) AB A
Drought 3.97b 5.15a

NaCl + Drought 2.96b° 4.49a"°

Control 14.12a" 14.85a"

b NaCl 10.65b° 12.358°

Pn (umol m™ s™) & A
Drought 10.75b 14.30a

NaCl + Drought 7.35p° 11.91a°

Every value is the average of three separate plants. Values pursued by varied letters in the similar
column (A, B, C) or the similar row (a, b) are significantly varied at p<0.05.

lon concentrations in roots and leaves

The concentrations of Cl and Na" in the leaves and roots of E. globulus significantly
increased after 40 days of NaCl treatment compared to the control and the drought stress
aggravated the increased ion concentrations in salinized plants, particularly CI" (Table
5). Application of Super-AB-A-200 polymer decreased the accumulation of CI" and Na*
in leaves and roots in the presence or absence of drought stress and could confine CI’
and Na* in NaCl + Drought-treated plant organs (Table 5). The Super-AB-A-200
polymer did not significantly affect the concentrations of CI" and Na" in the leaves and
roots under drought stress conditions, with some exceptions (Table 5). The NaCl
treatment decreased the concentration of K* in the roots irrespective of drought
treatment, but this did not occur in the leaves (Table 5). Moreover, the addition of
Super-AB-A-200 altered K in leaves and roots of drought-stressed plants (Table 5).
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Table 5. The effect of Super-AB-A-200 polymer on K*, CI" and Na* concentrations in
roots and leaves of Eucalyptus globulus plants under NaCl and/or drought stresses

lon concentration Treatment - Polymer + Super-AB-A-200
Leaf
Control 0.019a° 0.019a°
N (M) NaCl 0.074a" 0.0480"
Drought 0.033a° 0.043a"
NaCl + Drought 0.078a" 0.025b°
Control 0.105a° 0.098a°
o (m) NaCl 0.211a* 0.145b"
Drought 0.171a° 0.178a"
NaCl + Drought 0.235a" 0.065b°
Control 0.022pb* 0.101a"
K* (M) NaCl 0.0200" 0.105a*
Drought 0.024b" 0.127a*
NaCl + Drought 0.026b" 0.113a*
Root
Control 0.058a° 0.060a"
N (M) NaCl 0.101a’; 0.076bi
Drought 0.061a 0.085a
NaCl + Drought 0.102a* 0.063b"
Control 0.112a° 0.108a"
o (m) NaCl 0.215a° 0.087p*
Drought 0.181a"° 0.074b”
NaCl + Drought 0.356a" 0.106b"
Control 0.415b" 2.05a"
K* (M) NaCl 0.295h° 2.66a"
Drought 0.404b" 1.97a"
NaCl + Drought 0.331b° 2.51a"

Every value is the average of three separate plants. Values pursued by varied letters in the similar
column (A, B, C) or the similar row (a, b) are significantly varied at p<0.05.

lon concentrations in soils

As expected, the concentrations of CI" and Na* increased significantly in the NaCl-
treated soils compared to the control soils, and drought stress increased the soil salinity
(Table 6). However, addition of the Super-AB-A-200 polymer reduced the CI" and Na*
levels in the saline soil in both the NaCl and the NaCl + Drought treatments (Table 6).
The Super-AB-A-200 treatments increased the K* concentration in the NaCl-treated soil
(Table 6). The K* concentration in the drought-treated soil was reduced by application
of Super-AB-A-200; however, application of Super-AB-A-200 did not decrease the K*
level in NaCl + Drought-treated soil (Table 6).
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Table 6. The effect of Super-AB-A-200 polymer on K*, CI" and Na* concentration in
soil under salinity and/or drought treatments

lon concentration Treatment - Polymer + Super-AB-A-200

Control 8.32a° 8.15a°

. NaCl 64.35a" 41.52b"
Na" (mM) c 8
Drought 19.26a 11.84b

NaCl + Drought 95.12a" 21.460"

Control 45.61a° 47.55a°

NaCl 162.33a° 104.66b"

CI' (mM) 5 A
Drought 180.22a 78.45b

NaCl + Drought 322.76a" 59.64b°

Control 3.01p° 6.38a"

. NaCl 3.05b° 10.66a"
K™ (mM) A A
Drought 7.53a 6.52a

NaCl + Drought 9.06a" 8.47a"

Every value is the average of three separate plants. Values pursued by varied letters in the
similar column (A, B, C) or the similar row (a, b) are significantly varied at p<0.05.

Discussion
The effect of Super-AB-A-200 polymer on drought tolerance

The Super-AB-A-200 polymer improved the growth in the E. globulus cuttings
(Table 2) and reduced the occurrence of leaf damage caused by the drought treatments.
These results are similar to other studies, in which the application of SAPs improved the
growth of Citrus (Arbona et al., 2005), Eucalyptus (Viero and Little, 2006) and Populus
popularis (Shi et al., 2010) in water-deficit conditions. Shi et al. (2010) reported that the
application of SAPs improved the growth of P. popularis cuttings. The effects of SAPs
result from the excess water retained by the SAP granules (Bouranis et al., 1995).
Super-AB-A-200 polymer is a tripolymer of acrylamide, acrylic acid, and acrylate
potassium. This hydrophilic polymer has tridimensional hydrophilic networks that can
absorb and hold a large volume of water equal to hundreds of times its own weight
(Abedi-Koupai and Asad-Kazemi, 2006; Marandi et al.,, 2009). Consequently, E.
globulus roots absorb water held by the polymer. According to our results, E. globulus
roots accumulated around the Super-AB-A-200 granules, rather than growing inside
them. This result is consistent with the observation that drought-treated plants had fewer
leaves, reduced gas-exchange and decreased plant water use without the polymer
(Tables 4 and 3). Thus, the Super-AB-A-200 polymer lengthened the period of water
supply for the plant.

The effect of Super-AB-A-200 polymer on salt tolerance

E. globulus is a semi-salt-tolerant species with a medium capacity for salt exclusion
(Osareh and Shariat, 2009). Accumulation of salts in plant cells can cause toxicity and
oxidative injury (Wang et al., 2007, 2008b). In this study, the increase of plant growth
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and leaf gas-exchange in the polymer-treated E. globulus plants is likely due to its
increased capability for salt exclusion. When amended with the Super-AB-A-200
polymer, the CI" and Na* concentrations were reduced in the leaves and roots of the
plants under NaCl stress (Table 5). Application of Super-AB-A-200 polymer also
reduced the concentration of salt in the soil water solution because of its salt-holding
capability. Thus, minimal amounts of salts were taken up by the roots (Table 5).
Furthermore, the concentrations of the CI” and Na' in the Super-AB-A-200 polymer
were diluted because of the water volume held in the polymer. The concentration of Na*
was 0.005 mM and the concentration of CI" was 0.004 mM in Super-AB-A-200. Thus,
root accumulation in or around the polymer resulted in less salt taken up by the plant
roots, resulting in improved plant growth and gas-exchange under salinity stress (Tables
2-4). Moreover, the Super-AB-A-200 decreased the Na* concentration in the roots and
leaves of the plants under NaCl stress (Table 5) due to the increased exchangeable K*
level in the Super-AB-A-200 polymer (Table 6), thereby improving salt exclusion
capability of the plants. This result was in accordance with Shi et al. (2010) in which K*
levels in P. popularis roots and leaves were increased by amendment with SAPs of
Stockosorb and Luquasorb on saline soil. Additionally, the Super-AB-A-200 polymer
provided a K" source, consequently, uptake of K* increased in the plants treated with
the polymer. K" enrichment led to a K balance in the plants under salt stress, resulting
in enhanced salt resistance, since the balance of K*/Na* is pivotal for tolerance to
toxicity from ions (Munns and Tester, 2008; Sun et al., 2009a,b; Shabala and Cuin,
2008; Shi et al., 2010). Our results showed that the addition of Super-AB-A-200
polymer can improve access to quality water and a source of K* while decreasing
contact with CI” and Na®, thereby promoting resistance to salt stress.

The effect of Super-AB-A-200 polymer on salt and drought tolerance

The water consumption of NaCl + Drought-treated plants was reduced by 42%,
which was significantly greater than the plants under drought or salt stress alone, 21—
14% (Table 3). Leaf gas-exchange showed a similar trend (Table 4). This was the
consequence of an interaction of salinity and drought stresses. As the soil dried, the
water availability decreased and the concentration of salt ions in the soil increased
(Table 6). The roots could not absorb enough water to compensate for the water lost
through the shoots, resulting in leaf damage. The impact of the co-existing drought and
salinity stresses on dry weight was not as apparent as effect on short-term factors such
as daily plant transpiration and leaf gas-exchange (Tables 2—4). There are three possible
explanations as to why the Super-AB-A-200 polymer improved plant performance
under drought and salinity stress in this study: (1) the water-filled Super-AB-A-200
polymer granules increased the access to water (Tables 4 and 3), (2) the exchangeable
K" in this polymer promoted K*/Na" balance (Table 5), and (3) the polymer granules
retained the salt ions, maintaining a lower concentration in the drying soil (Table 6). It
is important to note that the effects of Super-AB-A-200 on plant dry weight and leaf
gas-exchange were considerable (Tables 2-4). The addition of Super-AB-A-200
lengthened the duration of water supply to the plants and consequently decreased the
damage caused by high soil CI" and Na* in drought and salinity conditions (Table 6). As
a result, the absorption of salts by roots and transportation of salt from the root to shoot
were both effectively limited, resulting in improved plant growth and survival during an
extended period of drought and salinity stress.
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Conclusion

According to the results, Super-AB-A-200 polymer could store water and nutrients in
the sandy soil and release them under drought stress conditions. Besides, it could
improve sandy soils and increase water-holding capacity. In addition, in saline
conditions, Super-AB-A-200 retained CI” and Na* in the soil solution because of their
high water-holding capability and the exchangeable K™ included in Super-AB-A-200
resulted in an amended K*/Na" balance in salinized plants. Furthermore, Super-AB-A-
200 helped E. globulus cuttings to resist interactive effects of salinity and drought
stresses, which was essentially justified by their salt- and water-holding capabilities.
Finally, it is recommended to use other types of hydrophilic polymers for the cultivation
of other plants because of their effects on the other ions (heavy metals, calcium and etc).
In addition, it is recommended to use Super-AB-A-200 polymer for the cultivation of
other plants especially in arid and semi-arid regions with sandy soil. Because this
polymer significantly improved the dry weights of the E. globulus stems, roots, leaves,
and whole plants in the NaCl, drought, and NaCl + Drought treatments, decreased the
accumulation of CI" and Na" in leaves and roots in the presence or absence of drought
stress and could confine CI" and Na* in NaCl + Drought-treated plant organs, reduced
the CI" and Na* levels in the saline soil in both the NaCl and the NaCl + Drought
treatments and increased the K" concentration in the NaCl-treated soil. Therefore, by
using this polymer, lower quality and amount of water could be used for cultivation and
the cultivated lands could be extended by storing water in reservoirs.
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