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Abstract. As far as Iran is concerned in arid and semi-arid region and amount of water is
limited, improvement of water consuming is very important. One of the ways for storing
water is to use superabsorbent polymer. So, this research compared normal and deficit
irrigation methods by considering the effects of stockosorb (0.1% and 0.3% by volume)
and zeolite (10 weight% and 15 weight%) in two sandy soils (70% and 80%) on soil
physicochemical characteristics (EC, pH, field capacity, available water, wilting point,
bulk density, practical density, porosity, nitrogen, phosphorus and potassium) and plant
morphological traits (plant height, basal area, large and small diameter of canopy) of
Atriplex lentiformis (Torr.) S.Wats. The research was carried out in the field of desert
research centre in Semnan Province in 2013. A split factorial experiment based on a
randomized complete block design with four replications was used. Data were analyzed
using SPSSie software. The result showed that superabsorbent had a significant effect on
plant height, large and small diameter of canopy. Also, superabsorbent had a significant
effect on EC, pH, field capacity, available water, bulk density, porosity, K. However, they
had no significant effect on wilting point, soil particle density, P and N. Also, the result of
economical investigation of stockosorb and zeolite showed that using 10 wt% zeolite, 15
wit% zeolite and 0.1% stockosorb with normal irrigation is economical.
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Introduction

Low annual precipitation and its
unsuitable  distribution cause water
scarcity and drought stress that are the
limiting factors of production (Nakhaee
Nezhad Fard et al., 2013). It is also a
problem which grows increasingly in
parts of the world (Passioura, 2007). In
other words, the greatest impact of
climate on agriculture is through
increasing temperature and reducing
precipitation, and despite all the advances
in science and technology, natural
resources are highly dependent on
climate; hence, climate and its variations
make a decisive contribution to the
success of production (Kawasaki and
Herath, 2011). Water scarcity and its low
quality are one of the challenges for
natural resources in many tropical and
temperate parts of the world (Orikiriza et
al., 2013; Squires and Karami, 2015). It
IS become a global problem and
unfortunately, it seems that nations had
not paid attention to the balance between
rapid population growth and a sharp
reduction in water resources (Genhua and
Denise, 2006). Studies showed that water
scarcity  affects the growth and
physiological cycles of plants (Singh et
al., 2014) affecting agriculture sector in
future periods through changing the
evapotranspiration of plants, crop yield
and water productivity (Thomas, 2008;
Ortiz et al., 2008).

Easy absorption, storage and release of
water are the main functions of the soil to
grow plants. This feature differs in
different soils depending on the fine or
coarse size of soil particle and its
minerals (Banedjschafie et al., 2006). For
instance, in sandy soils, water holding
capacity is limited and irrigation must be
inevitably done more frequent at smaller
amounts that leads to high costs (Rahbar
and Banedjschafie, 2009). Therefore,
different technologies compatible with
the soil in each region are required for
soil moisture conservation. One of the
existing technologies is the use of
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hydrophilic superabsorbents (Dorraji et
al., 2010; Souri and Motamedi, 2015).
The use of superabsorbent polymers is
one of the solutions to increase the water
use efficiency in agriculture, leading to
the increased quality of crop vyield
(Sharifan et al., 2013). Superabsorbent
polymers are hydrophilic networks
absorbing a large volume of water (200-
500 ml per gram dry weight) (Zohurian-
Mehr and Kabiri, 2008). For instance,
zeolite is one of the mineral soil
amenders which could be used in order to
improve soil physical and chemical
conditions and increase soil water
holding capacity (Abedi- Koupai et al.,
2008). This substance is able to absorb
water in the soil to saturation point and
hold it for a long time within its network
as the water in the network could be
absorbed by plant gradually (Polite et al.,
2004). In this way, with needless to re-
irrigation, soil moisture remains for a
long time (Widiastuti et al., 2008).
Stockosorb is a polyacrylamide
polymer and because of its cross-linked
structure, it has a large water absorption
capability (Chirino et al., 2011) so that
one kg of this superabsorbent can absorb
250 liter of water (Evonik Industries,
2014). Stockosorb is resistant to the
temperature fluctuations in soil and
remains in the soil for a longer time as
compared to other superabsorbents (Luo
and Polle, 2009). Several studies had
been performed on the application of
superabsorbents (Li et al., 2004),
physical and chemical properties of them
(Bai et al., 2010), and their effects on soil
and plants (Islam et al., 2011; Wu et al.,
2012). Researchers  reported that
hydrophilic polymers led to increase
water holding capacity in sandy soils and
reduce water losses through leaching
(Ekebafe et al., 2011; Taban and
Movahedi Naeini, 2006). Nazarli et al.
(2010) showed that superabsorbent
polymers led to water retention increase
in the soil, reducing the irrigation to 50%.
Wu et al. (2008) studied the relationship
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between applying superabsorbents and
plant available water, and showed that
using these polymers, on average,
10.68% higher water is kept in the soil as
compared with control. Result of another
research has shown that stockosorb
superabsorbent enhanced soil
permeability and water use efficiency
(Montazer, 2008). Bal et al. (2010)
applied different types of superabsorbents
in a sandy soil and found that it increased
soil moisture content while soil bulk
density and EC were decreased. Zangooei
Nasab et al. (2013) reported the positive
and significant effect of using stockosorb
superabsorbent on the growth indices of
Haloxylon persicum including height,
shoot fresh and dry weight, root fresh and
dry weight and root length. Abrisham
(2015)  showed that all  three
superabsorbent  materials such  as
stockosorb, anionic polyelectrolyte and
mineral  zeolite  (clinoptilolite) had
positive effects on the chemical, physical
and hydrological characteristics of the
soil and vegetative properties in drought
conditions.

According to the joint project of FAO
and Forests, Range and Watershed
Organization of Iran, Atriplex species
have been introduced for range
improvement in arid regions so that the
cultivation of this species in desert
regions of Iran has been recommended
(Rahimzadeh et al., 2011). On the other
hand, water resources are the most
important limiting factor in arid and
desert regions (Chen et al., 2014). Given
limited water resources in Iran and the
dominant share of agriculture in the use
of these resources, conservation of water
and the use of management techniques to
enhance water use efficiency are of
utmost importance (Sharifan et al., 2013).
The aim of current research was to
compare normal and deficit irrigation
methods and investigate the effects of
stockosorb and zeolite superabsorbents
on water holding capacity of sandy soils
as well as its impact on A. lentiformis.
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Materials and Methods

International desert research centre of
agriculture and natural resource college
of Tehran university in Semnan province
is located between longitude 53° 23' E
and latitude 35° 34' N. The study area has
an average annual precipitation and
temperature of 140 mm and 18.2 c,
respectively and an altitude of 1130 m
above sea level. A split factorial
experiment based on a randomized
complete Dblock design with four
replications was used. The cultivation of
320 seedlings of A. lentiformis was
performed in April 2013. According to
the suggestions provided by Baghestani
Maybodi and Sanadgol (2007), the
seedlings were transferred to the field
when they were 7 months old, cultivated
at a distance of two meters from each
other. The current research applied
stockosorb as superabsorbent, and zeolite
as soil amendment and mixed with a
sandy soil (soil particle diameters= 2
mm). First factor included normal
irrigation at two levels (every 30 days in
spring and summer and for six times in
the first year) as well as deficit irrigation
(every 45 days for four times in the first
year). The EC of irrigation water was
2.67 ds/m (Nourai, 2014). Sandy soil
texture at two levels (70% and 80% wt)
and superabsorbent and soil amendment
at five levels (0, 0.1, and 0.3 %
Stockosorb by volume and 10 wt% and
15 wt% Zeolite) were considered as the
second and third factors. Super-
absorbents soil amendment was prepared
according to the specified levels
separately, and then were mixed with
soil, taken from a depth of 50-60
cm. Since high concentrations of super-
absorbents Stockosorb water are hardly
available to the plants and at lower
concentrations (Sivapalan, 2001; Abdul-
Qados, 2015), it does not prevent the
evaporation from the soil surface
(Olszewski et al., 2012). Therefore, lower
and higher levels of superabsorbents were
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not applied. The first irrigation was done
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after cultivation (Fig. 1).

In September 2015, the attributes such as
plant height, basal area, large diameter of
canopy, and small diameter of canopy
were evaluated. Soil sampling was done
to study the effect of studied treatments
on some physical and chemical properties
of soil. The concentration of N, P and K
(soluble+ exchangeable) were measured
by the Kjeldahl, Olsen, and flame
photometry  methods, respectively
(Faithfull, 2002). To measure Field
Capacity (FC) and wilting point (P.W.P),
air-dried soil samples were placed on the
plastic rings of pressure plate. The plate
was saturated with water one day before
the experiment and after placing the
samples on the plate, water was added
until the samples became saturated. After
24 hours, saturated samples were at the
pressures of 0.33 bar and 15 bar for the
measurement of field capacity and
wilting point, respectively. After the
release of water from the samples, they
were weighed and after drying at 105°C,
soil moisture was measured (Mehrabi
Gohari et al., 2013). The soil porosity
was measured after determining the soil
bulk density and practical density (Miriti
etal., 2013):
Soil porosity (%) = (1- Bd/Pd) x100

1)
Where
Bd= soil bulk density
Pd= practical density

Fig. 1. The first irrigation after seedling cultivation

Data were normalized by Kolmogorov
Smirnov test. Means comparison had
been done by SPSSi6 software.

Results

Morphological characteristics of A.
lentiformis

The result showed that maximum
seedling height (80.67 cm) was obtained
at the treatment of 15 zeolite+ 70% sand
with  normal irrigation, having a
significant  difference  with  other
treatments including the control treatment
(Table 1). Minimum seedling height
(59.33 cm) was obtained from the
combination of control treatment + 80%
sand and deficit irrigation method.
However, maximum large and small
canopy diameters were recorded for the
treatment of 0.3% stockosorb + 70% sand
and normal irrigation method showing a
significant difference with control and all
treatments of deficit irrigation method.
The lowest values of these three traits
(seedling height, large and small canopy
diameters) were recorded for control
treatment and deficit irrigation method.
Generally, all treatments of normal
irrigation method showed a significant
difference as compared to the treatments
of deficit irrigation method. No
significant difference was recorded for
basal area and all treatments were in one
statistical group.
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Table 1. Mean comparisons of interaction effects of treatments for the studied morphological traits by LSD

Irrigation Sand (%)  Superabsorbents Seedling Large canopy Small canopy Basal
height (cm)  diameters (cm)  diameters (cm)  area
(mm)
Deficit 70% Control 64.67 fg 26.33 i 9.000 ¢ 6.00 ab
0.1% stockosorb  68.00 ef 35.33 f-h 14.00 ef 7.33a
0.3% stockosorb ~ 68.33 ef 38.67 d-g 14.33 ef 5.63 ab
10 wt% zeolite 67.00 ef 33.00 h 13.33 ef 4.66 b
15 wt% zeolite 67.33 ef 36.00 f-h 15.33 cef 466D
80% Control 59.33i 23.33i 9.66 ¢ 5.33ab
0.1% stockosorb  65.00 fg 36.33 f-h 15.00 def 5.00 ab
0.3% stockosorb  66.00 f 38.00 e-h 17.67 bed 5.33ab
10 wt% zeolite 68.33 ef 34.00 gh 15.67 cef 6.00 ab
15 wt% zeolite 66.67 ef 37.00 f-h 16.00 ce 5.00 ab
Normal 70% Control 69.00 d-f 34.00 gh 13.00 f 4.00 b
0.1% stockosorb 72.67 b-e 45.33 a-c 19.33 ab 4.00b
0.3% stockosorb 79.67 a 49.33 a 21.67a 5.00 ab
10 wt% zeolite 78.00 ab 43.67 b-d 17.33 b-d 4.66 b
15 wt% zeolite 80.67 a 46.00 ab 19.67 ab 5.00 ab
80% Control 65.33 fg 34.00 gh 15.00 d-f 5.00 ab
0.1% stockosorb 71.00 c-f 43.00 b-e 19.00 ab 6.33 ab
0.3% stockosorb 70.67 ab 44.33 a-c 21.33a 5.00 ab
10 wt% zeolite 75.33 a-d 40.33 c-f 18.00 bc 466D
15 wt% zeolite 77.33 abc 45.33 a-c 20.00 ab 4.66 b
Means followed with the similar letters in each column indicate no significant differences (p=0.05)
Soil physicochemical characteristics
The results showed that using significant  difference  with  control

superabsorbent caused the reduced EC
and increased pH as compared with
control treatment so that maximum EC
(4.26 ds/m) and minimum pH (7.6) were
recorded for the control treatment (Table
2).
The use of both stockosorb and zeolite
increased the field capacity and available
moisture to plants. The maximum values
for field capacity and available moisture
were obtained from the combined
treatment of 3% stockosorb+ 70% sand in
the normal irrigation method showing a

treatment. Maximum moisture content at
field capacity and available moisture
were calculated to be 25.73% and
18.20% and the lowest values were
18.73% and 10.30%, respectively.

Means comparisons of the interaction
effects showed that permanent wilting
point followed no clear trend at different
levels of treatments. It seems that the
mentioned treatments had no impact on
the moisture content at wilting point.
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Table 2. Means comparisons of interaction effects of treatments for some soil traits by LSD method (0=0.05)

Irrigation Sand (%)  Superabsorbents EC (dS/m) pH FC (%) AW (%) PWP
(%)
Deficit 70% Control 3.80 bed 7.66e-g 18.73h 10.30i 8.43 a-d
0.1% stockosorb 3.60de 7.86¢c-f  23.33f 1553d-h  7.80d
0.3% stockosorb 3.33e 8.10a-d 24.47ab 17.60 ab 7.86d
10 wt% zeolite 3.73 bced 8.16abc 23.97c-f 16.23b-f 7.73d
15 wt% zeolite 3.63 cde 8.20 ab 23.30a-c  16.30b-f  9.00 a-d
80% Control 4.24 ab 7.83d-g 20509 10.83i 9.66 abc
0.1% stockosorb 3.93ad 793a-e 2443af 1520e-g 8.30ad
0.3% stockosorb 3.83 bed 8.03d 23.37f 16.60 bcd 7.83d
10 wt% zeolite 4.00 a-d 7.9 b-f 23.37f 14.60 gh 8.76 a-d
15 wt% zeolite 4.10 ab 793d-g 2387df 1510fh 8.76a-d
Normal 70% Control 4.26 a 7.70 fg 20.30¢ 11.37i 8.93 a-d
0.1% stockosorb 4.03 abc 8.06a-d 24.33b-f 14.40h 9.93a
0.3% stockosorb ~ 3.63 cde 8.20a 25.73 a 18.20 a 7.53d
10 wt% zeolite 3.73 cde 7.80 fg 2530a-c 16.57b-e 8.73a-d
15 wt% zeolite 3.73 cde 7.83¢g 24.77a-¢  16.70bcd  8.06 b-d
80% Control 3.90 a-d 7.60 fg 20.93 ¢ 11.13i 9.80 ab
0.1% stockosorb 3.73 cde 7.73¢g 2440a-f 1553d-h 8.86a-d
0.3% stockosorb 3.60 de 8.16 abc  25.60 ab 17.07abc  8.53 a-d
10 wt% zeolite 3.86 a-d 8.18 ab 23.97cf 1597c-g 8.00cd
15 wt% zeolite 3.66 cde 8.18 ab 25.13a-d 15.90c-g 9.23ad
Means followed with the similar letters in each column indicate no significant differences (p=0.05)
According to the results of means the control treatment showing a
comparisons, bulk density and soil significant  difference  with  other

porosity and P showed a significant
difference  between  control  and
stockosorb and zeolite application (Table
3). Maximum soil bulk density was
obtained from control at different levels
of sand percent and irrigation methods
(1.64 gcm™® to 1.70 gecm™®) showing a
significant difference with all treatments.
Actually, the value of this trait was
decreased by superabsorbent as compared
with  control  treatment.  However,
different treatments had no significant
effect on soil practical density. Maximum
soil porosity was recorded for the
treatment of stockosorb application,
showing a significant difference with
control treatment.

The lowest available K content (156
and 166.7 mg/kg soil) was recorded for

treatments which indicates the effect of
superabsorbent and soil amendment on
increasing this trait. Available P showed
no significant difference between the
treatments of normal and deficit irrigation
methods. Awvailable P content in the
treatments of normal irrigation method
was more than that of the same
treatments in deficit irrigation method;
however, this difference was not
statistically significant. However,
maximum value for this trait was
obtained from the treatment of 70% sand
with normal irrigation and application of
0.3% stockosorb. In addition the result
showed that total nitrogen was not
influenced by different treatments and did
not follow a clear trend.
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Table 3. Means comparison of interaction effects of treatments for some soil traits by LSD method (0=0.05)

Irrigation Sand  Superabsorbents Bd Pd Porosity K P N
(%) (g/cm’)  (glcm®) (%) (mg/kg) (mg/kg)  (mg/kg)
Deficit 70%  Control 1.70a 252 a 32.39h 157.0d 60.33 ef 0.040 b
0.1% stockosorb 152b 2.48 ab 38.47 ef 192.7 ab 63.33 c-f 0.043 b
0.3% stockosorb 1.42 bc 2.47 ab 41.98 b-f 204.0a 65.00 b-f 0.026 b
10 wt% zeolite 143 cd 250b 43.13 a-e 186.3 ab 64.67 b-f 0.046 b
15 wit% zeolite 136¢c-g 247ab 44.78a-d  193.0ab 57.67 b-f 0.046 b
80%  Control 1.69a 252a 33.08 gh 166.7 bcd  59.00 ef 0.033b
0.1% stockosorb 152b 2.44 ab 37.311g 193.3a 66.00 a-f 0.066 a
0.3% stockosorb 142 cd 2.41ab 40.85 c-f 194.0a 64.33 b-f 0.030 b
10 wit% zeolite 143 cd 2.47 ab 41.33 b-f 193.0ab 60.33 ef 0.030 b
15 wt% zeolite 1.45 bc 2.43 ab 40.27 d-f 200.3a 73.33 abc 0.023 b
Normal 70%  Control 164a 246 a 33.22 gh 156.0d 61.33 d-f 0.023 b
0.1% stockosorb 1.34d-g 249ab 46.33 ab 189.0 ab 75.67 ab 0.036 b
0.3% stockosorb 1.32f-g 253a 4757 a 2103 a 77.00 a 0.023 b
10 wt% zeolite 1.36cg 251ab 4551a-c 183.7abc  64.33 b-f 0.043b
15 wt% zeolite 142 c-e 2.50 ab 43.36 a-¢e 197.3a 76.33 a 0.050 b
80%  Control 1.68a 249 ab 32.34h 158.0 cd 55.00 f 0.030 b
0.1% stockosorb 1.38 c-f 2.38b 41.80 b-f 188.0 ab 63.67 c-f 0.030 b
0.3% stockosorb 1299 247 ab 4752 a 202.3a 62.33 c-f 0.033b
10 wt% zeolite 142ce 237b 40.15 d-f 187.7 ab 72.67 a-d 0.036 b
15 wt% zeolite 1.33e-g 252a 47.30a 192.3 ab 670 Bc 0.23

Bd= soil bulk density, Pd= practical density

Means followed with the similar letters in each column indicate no significant differences (p=0.05)

Discussion

All treatments of normal irrigation
method showed a significant difference
as compared to the treatments of deficit
irrigation  method.  However, no
significant difference was recorded for
basal area and all treatments were in one
statistical group. Davarpanah (2005) had
reported similar results on seedling height
and canopy diameters for Amygdalus sp.,
Vitis vinifera and Pistacia vera. It seems
that under the proper ventilation
conditions and plant available water in
the soil, water-soluble compounds with
low molecular weight (e.g. nutrients) can
be absorbed by polymers and cause plant
growth by gradual release (Souri and

Motamedi, 2015). Superabsorbent
polymers are hydrophilic networks
absorbing a large volume of water

(Zohurian-Mehr and Kabiri, 2008). In
this way, with needless to re-irrigation,
soil moisture remains for a long time
(Widiastuti et al., 2008). Nazarli et al.
(2010) showed that superabsorbent
polymers led to water retention increase
in the soil, reducing the irrigation to 50%.
Wu et al. (2008) studied the relationship

between applying superabsorbents and
plant available water, and showed that

using these polymers, on average,
10.68% higher water remained in the soil
as compared with control.

Ramezanizadeh et al. in 2011 evaluated
the effects of A200 superabsorbent
material and silicates at zero, 10 and 20
g/l on morphological traits of Atriplex
canescens, Haloxylon persicum and
Nitraria schoberi species in Eshtehard,
Karaj, Iran. His results showed that the
superabsorbent  application in  this
experiment increased moisture retention,
establishment and survival of Atriplex
canescens, Haloxylon persicum and
Nitraria schoberi and improved the given
properties. Superabsorbents not only
provide elements such as potassium and
phosphorus, but also are effective in
providing  cations  like  calcium,
magnesium and micronutrients (Polite et
al., 2004). In other words, it can be stated
that these compounds with increasing soil
aeration lead to better performance of
some types of chemical fertilizers as well
as better soil microbial activity or due to
the negative charge in hydrated state
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provide the absorption possibility of
some positive ions in the soil (Abedi
Koupai and Mesforoush, 2009).

The results showed that using
superabsorbent and soil amendment
compounds caused the reduced EC and
increased pH as compared with control
treatment so that maximum EC and
minimum pH were recorded for the
control treatment at both levels of
irrigation and sand percent. Several
studies have been performed on the
application of superabsorbents (Li et al.,
2004) and their effects on soil (Islam et
al.,, 2011; Wu et al., 2012). The present
result is in agreement with the findings
reported by Bal et al. (2010). They
reported that the decrease of EC was due
to the absorption of a large volume of
water and physiological solutions by
polymers. High content of water in soil
leads to the dilution of solutes and low
EC (Bal et al., 2010). Wang and Boogher
(1987) investigated the water from soil
leaching  containing  superabsorbent
polymer and showed that this water had
low EC. They related the reason for this
decline to the absorption of fertilizers and
salts added to the soil matrix by
superabsorbent polymers. The increase of
pH had been already reported by
Ekaterina and Christos (2002). The use of
superabsorbent (stockosorb and zeolite)
increased the field capacity and available
moisture to plants. Therefore, water
losses occurring to the plants in natural
conditions are removed and
consequently, available soil moisture
shows good results as compared with
control. These results are consistent with
the  findings reported by other
researchers, stating an increased soil
water holding capacity due to the
application of superabsorbents (Goebel et
al., 2005; Orikiriza et al., 2013; Abdul-
Qados, 2015). The increase of plant
available water in treatments containing
superabsorbents could be attributed to the
structure of polymer and its hydrophilic
properties (Chirino et al., 2011). It seems
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that the network  structure  of
Superabsorbents and soil amendment
cause higher water retention as compared
with control. Superabsorbent
significantly increases the amount of
plant available water through water
retention in the soil, changing soil pore
size distribution, and reducing physical
evaporation (Naderi and Vasheghani
Farahani, 2006). According to the
findings of other researchers, the reason
of increased available soil moisture with
the use of polymers was attributed to the
reduced resistance to water penetration
(lino et al.,, 2011; Li et al., 2011),
preventing water leakage and evaporation
from the soil (Han et al, 2013).
Behbahani et al. (2009) with the
application of different levels of
stockosorb recommended a value of 0.3%
wt% to increase soil moisture saturation.
They stated that this increase was
attributed to the improved soil structure
(due to increased adhesion between soil
aggregates) and capillary porosity.
According to the results, the bulk
density and soil porosity showed a
significant difference between control
treatment and the treatments of
stockosorb and zeolite application.
Actually, the value of this trait was
decreased by superabsorbent as compared
with  control  treatment.  However,
different treatments had no significant
effect on soil practical density. The
lowest available K content was recorded
for the control treatment, showing a
significant  difference  with  other
treatments which indicates the effect of
superabsorbent on increasing this trait.
Available P showed no significant
difference between the treatments of
normal and deficit irrigation methods.
Available P content in the treatments of
normal irrigation method was higher than
that of the same treatments in deficit

irrigation  method;  however, this
difference  was not  statistically
significant. Increased levels  of

exchangeable K with the use of
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superabsorbent compounds were reported
by Ekaterina and Christos (2002). In
another research, it was also shown that
with the use of zeolite, soil quality was
improved through the availability of
elements such as K and P (Polite et al.,
2004) which is in agreement with our
results. It was also reported that an
amount of K present in the formulation of
superabsorbent compounds might have
entered into the soil (EI-Hady and Wanas,
2006). In addition, the result showed that
total nitrogen was not influenced by
different treatments and did not follow a
clear trend.

The result of economical investigation
of stockosorb and zeolite showed that
using of 10 wt% zeolite, 15 wt% zeolite
and 0.1% stockosorb is economical
versus using of 0.3% stockosorb that is
not economical (data not shown). So,
zeolite in two levels and stockosorb in the
first level can decrease irrigation cost
acceptably. Abrisham (2015) showed that
two superabsorbent of stockosorb (0.1%
by volume) and zeolite (10% weight) are
economical for the cultivating of
Seidlitzia rosmarinus and Halothamnus
glauca in desert rangeland of Gonabad.

Conclusion

On the whole, the result showed that
superabsorbent affection in  normal
irrigation  was more than deficit
irrigation. So, it is suggested to have 6
times irrigation in a year with
superabsorbent ~ for  growth  and
establishment of A. lentiformis. Also,
among stockosorb in two levels and
zeolite in two levels, 0.3% stockosorb
had the best effect on large and small
diameter of canopy, pH, FC, AW,
porosity and K. But because of having no
economical use of 0.3% stockosorb, 0.1%
stockosorb, 10% wt and 15% wt zeolite
might be suggested for reducing costs.
Meantime, zeolite is much more and
cheaper than stockosorb in Iran. So,
zeolite is economical in comparison to
stockosorb. The result of this research
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and the other researches showed that
using suitable superabsorbent leads to
establish and grow the species in arid and
semi arid rangeland successfully. If
environmental ~ condition is  more
intolerable, the positive effect of
superabsorbent in the establishment and
growth of species will be more
observable. Growing of plants and
increasing of production can decrease
some costs duo to superabsorbent. The
most research about this topic is in
agricultural field. So, it is necessary to
study more about superabsorbent in
natural resources in the form of
greenhouse and field research.

References

Abdul-Qados, AMS., 2015. Effects of super
absorbent polymer and Azotobacter vinelandii
on growth and survival of Ficus benjamina L.
Seedlings under drought stress conditions.
Jour. Agricultural Sci., and Soil Sci. 5: 45-57.

Abedi Koupai, J., Eslamian, S.S. and
Asadkazemi, J., 2008. Enhancing the available
water content in unsaturated soil zone using
hydrogel, to improve plant growth indices.
Jour. Ecohydro and Hydrobio. 8: 67-75. (In
Persian).

Abedi Koupai, J. and Mesforoush, M., 2009.
Evaluation of superabsorbent  polymer
application on yield, water and fertilizer use
efficiency in cucumber (Cucumis sativus).
Jour. Irrig. Drain. 2: 100-111. (In Persian).

Abrisham, E., 2015. Investigation of super
absorbent polymer and amendment effect on
soil characteristics and establishment of plant
cover in arid region. Ph.D. Thesis, Agriculture
and natural resource college, University of
Tehran, Tehran, Iran. 172 p. (In Persian).

Bai, W., Zhang, H. and Liu, B., 2010. Effects of
super-absorbent polymers on the physical and
chemical properties of soil following different
wetting and drying cycles. Jour. Soil Use
Manage. 26: 253-260.

Baghestani Maybodi, N. and Sanadgol, A.A.,
2007. Effects of row spacing and pruning type
on forage yield of Atriplex lentiformis in Yazd
Province. Jour. Iranian Natural Res. 60: 653-
664. (In Persian).

Bal, W., Zhang, H., Wu, L.Y. and Song, J., 2010.
Effects of super- absorbent polymers on the
physical and chemical properties of soil
following different wetting and drying cycles.



J. of Range. Sci., 2018, Vol. 8, No. 1

Jour. Soil use and manage. 26: 253-260.

Banedjschafie, S., Rahbar, E. and Khaksarian, F.,
2006. Effect of a super absorbent polymers on
moisture characteristics of sandy soils. Jour.
Range Desert Res. 13: 139-144. (In Persian).

Behbahani, MR., Mashhadi, R., Rahimi khob, A.
and Nazarifar, MH., 2009. Study of Super
Absorption Polymer (SAP) on moisture front
of trickle and irrigation physical properties of
soil. Jour. Irrig Drain. 1: 91-100. (In Persian).

Chen, YN., Li, WH., Zhou, HH., Chen, YP., Hao,
XM., Fu, AH. and X, Ma., 2014. Analysis of
water use strategies of the desert riparian
forest plant community in inland rivers of two
arid regions in north western Chin. Jour.
Biogeosci Discuss. 11: 14819-14856.

Chirino, E., Vilagrosa, A. and Vallejo, VR., 2011.
Using hydrogel and clay to improve the water
status of seedlings for dry land restoration.
Jour. Plant and Soil. 344: 99-110.

Davarpanah, Gh., 2005. Affects of moisture super
absorbent on water securing for forest in arid
regions, Tehran. Jour. Water Sewage. 53: 62-
69. (In Persian).

Dorraji, SS., Golchin, A. and Ahmadi, S., 2010.
The effects of hydrophilic polymer and soil
salinity on corn growth in sandy and loamy
soils. Jour. Clean-Soil, Air, Water. 38: 584-
591. (In Persian).

El-Hady, O.A. and Wanas, Sh. A., 2006. Water
and fertilizer use efficiency by cucumber
grown under stress on sandy soil treated with
acrylamide hydrogels. Jour. Applyed Sci Res.
2:1293-1297.

Evonik Industries. 2014. Water and nutrients for
improved plant growth.
http://www.creasorb.com/product/creasorb/en/
products/stockos.

Ekaterina, G.F. and Christos, D.T., 2002.
Influence of clinoptilolite and compost on soil
properties. Taylor and Francis Publishing, 33:
595-607.

Ekebafe, LO., Ogbeifun, DE. and Okieimen, FE.,
2011. Polymer applications in agriculture.
Jour. Biokemistri. 23: 81-89.

Faithfull, NT., 2002. Methods in agricultural
chemical analysis. CABI Publishing. 206 p.

Genhua, N. and Denise, S.R., 2006. Relative salt
tolerance of selected herbaceous perennials
and ground covers. Jour. Hort Sci. 110: 352-
358.

Goebel, MO., Bachmann, J., Woche, SK. and
Fischer, WR., 2005. Soil wet ability,
aggregate stability, and the decomposition of
soil organic matter. Jour. Geoderma. 128: 80—

The Effects .../ T4

93.

Han, Y., Yu, X., Yang, P., Li, B., Xu, L. and
Wang, C., 2013. Dynamic study on water
diffusivity of soil with super-absorbent
polymer application. Jour. Enviro Earth Sci.
69: 289-296.

lino, K., Lozonschi, L. and Metzner, A., 2011.
Tricuspid valved stent implantation: novel
stent with a self-expandable super-absorbent
polymer. Jour. Cardio-Thoracic Surg. 40:
503-507.

Islam, M., Robiul, MaoS. and Xue, X., 2011. A
lysimeter study of nitrate leaching, optimum
fertilisation rate and growth responses of corn
(Zea mays L.) following soil amendment with
water-saving super-absorbent polymer. Jour.
Sci Food Agri. 91: 1990-1997.

Kawasaki, J. and Herath, S., 2011. Impact
assessment of climate change on rice
production in Khon Kaen provinces, Thailand.
International Society  for Southeast
Agricultural Sciences, 17, 2: 14-28.

Luo, Z. and Polle, A., 2009. Wood composition
and energy content in a poplar short rotation
plantation on fertilized agricultural land in a
future CO; atmosphere. Jour. Global Change
Biolo. 15: 38-47.

Li, YF., Li, XZ., Zhou, LC., Zhu, XX. and Li,
BN., 2004. Study on the synthesis and
application  of  salt-resisting  polymer
hydrogels. Jour. Polymers for Advanced
Technolo. 15: 34-38.

Li, ZP., Liu, BH. and Liu, FF., 2011. A composite
of borohydride and super absorbent polymer
for hydrogen generation. Jour. Power
Sources. 196: 3863-3867.

Mehrabi  Gohari, E., Sarmadian, F. and
Taghizadeh Mehrjardi, R., 2013. Prediction of
the amount of water at Field Capacity and
Permanent Wilting Point Using Artificial
Neural Network and Multivariate Regression.
Jour. Society Irrig and Water. 3: 42-52. (In
Persian).

Miriti, JM., Kironchi, G., Esilaba, AO., Gachene,
CKK., Heng, LK. and Mwangi, DM., 2013.
The effects of tillage systems on soil physical
properties and water conservation in a sandy
loam soil in Eastern Keny. Jour. Soil Sci. and
Env. Manage. 4: 146- 154,

Montazer, A., 2008. Study the effect of
stockosorb super absorption polymer on the
flow advance time and infiltration parameters
in furrow irrigation. Jour. Water and Soil. 22:
341-356. (In Persian).

Naderi, F. and Vasheghani Farahani, A., 2006.
Maintaining the soil moisture by using of



Journal of Rangeland Science, 2018, Vol. 8, No. 1

water absorbent polymers (hydrogels). Jour.
Soil and Water Sci. 20: 64-72. (In Persian).

Nakhaee Nezhad Fard, S., Karimi, K. and
Khosravi, H., 2013. Assessment of climate
drought and its economic effects (Case study:
South  Khorasan province, Iran). Jour.
Rangeland Sci. 4(1): 62-70.

Nazarli, H., Zardashti, M.R., Darvishzadeh, R.
and Najafi, S., 2010. The effect of water stress
and polymer on water use efficiency, yield
and several morphological traits of sunflower.
Jour. Notulae Sci Biolo. 2: 53-58. (In Persian).

Nourai, Z., 2014. Investigation of Vetiver grass
tolerance in salty term. M.Sc. thesis,
International Desert Research Centre, Tehran
University, Karaj, 105p. (In Persian).

Olszewski, MW., Goldsmith, R.S., Guthrie, EK.
and Young, CA., 2012. Use of sieved compost
plus hydrogel for solid matrix priming of
carrot seeds. Jour. Compost Sci and Utili. 20:
5-10.

Orikiriza, L.J.B., Agaba, H., Eilu, G., Kabasa,
J.D., Worbes, M. and Huttermann, A., 2013.
Effects of hydrogels on tree seedling
performance in temperate soils before and
after water stress. Jour. Env Protec. 4: 713-
721.

Ortiz, R., Sayre, K.D., Govaerts, B., Gupta, R.,
Subbarao, G.V., Ban, T., Hodson, D., Dixon,
J.M., Ortiz, M.J.l. and Reynolds, M., 2008.
Climate change: can wheat beat the heat?
Jour. Agri, Eco and Env. 126: 46-58.

Passioura, J. B., 2007. The drought environment:
physical,  biological and  agricultural
perspectives. Jour. Exp. Botany. 58: 113-117.

Polite, E., Karuca, M., Demire, H. and Onus, N.,
2004. Use of natural Zeolite (clinoptilolite) in
agriculture. Jour. Fruit and Ornamental Plant
Res. 12: 183-189.

Rahbar, E. and Banedjschafie, S., 2009. Salinity
effects on water uptake ability of
superabsorbent polymer and manure. Jour.
Rangeland and Desert Res. 16: 209- 223. (In
Persian).

Rahimizadeh, A., Farzadmehr, J., Rostagi, AA.
and Ramezani Gask, AA., 2011. Comparison
of effects of planting Haloxylon spp. and
Atriplex spp. on the characteristics of
vegetation cover and rangelands soil (A case
study: Salemabad, Sarbishe, Iran). Jour.
Renewable Natural Resources Res. 1: 1-13.
(In Persian).

Singh, M.P., Chaturvedi, A.K. and Shah, D.,
2014. Photosynthetic carbon assimilation and
grain yield in contrasting rice genotypes under
elevated CO2 in face and otc. 4" International

Yousefian et al.,/ 75

Rice Congress. Thailand.

Sivapalan, S., 2001. Effect of a Polymer on soil
water holding capacity and plant water use
efficiency. 10"  Australian  Agronomy
Conference Hobart.

Sharifan, H., Mokhtari, P. and Hezarjaribi, A,
2013. The effect of super absorbent A200 on
the Infiltration Parameters Kostiakov-Lewis
Equation in Furrow Irrigation. Jour. Water
and Soil. 27: 205-212. (In Persian).

Souri, M. and Motamedi, J., 2015. Effects of
super-absorbent polymers (SAPs) plus manure
treatments on vegetation cover and soil
nutrients of Festuca ovina under drought
stress. Jour. Rangeland Sci. 5(3): 222-232. (In
Persian).

Squires, V. R. and Karami, E., 2015. Livestock
management in the arid zone: coping
strategies. Jour. Rangeland Sci. 5(4): 336-346.

Taban, M. and Movahedi Naeini, S.A.R., 2006.
Effect of aquasorb and organic compost
amendments on soil water retention and
evaporation  whit different  evaporation
potentials and  soil  textures.  Jour.
Communications in Soil Sci. and Plant
Analysis. 37: 2031-2055.

Thomas, A., 2008. Agriculture irrigation demand
under present and future climate scenarios in
China. Jour. Global and Planetary Change.
60: 306-326.

Wang, Y. and Boogher, C.A., 1987. Effect of
medium-incorporated hydrogel on plant
growth and water use of two foliage species.
Jour. Env. Horticul. 5: 125-127.

Widiastuti, N., Wu, H., Ang, M. and Zhang, D.K.,
2008. The potential application of natural
Zeolite for grey water treatment. Jour.
Desalie. 218: 271- 280.

Wu, Q., Zhang, Q. and Zhang, B., 2012. Influence
of super-absorbent polymer on the growth rate
of gas hydrate. Jour. Safety Sci. 50: 865-868.

Wu, L., Liu, M. and Liang, R., 2008. Preparation
and properties of a double-coated slow-release
NPK compound fertilizer with superabsorbent
and water-retention. Jour. Biores Techno. 99:
547-554.

Zangooei Nasab, Sh., Emami, H., Astaraei, AR.
and Yari, AR., 2013. Effects of stockosorb
hydrogel and irrigation intervals on some soil
physical properties and growth of Haloxylon
seedling. Jour. Soil Manage Sustainable. 3:
167-182. (In Persian).

Zohurian-Mehr, MJ. and Kabiri, K., 2008.
Superabsorbent polymer materials: A review.
Jour. Polymer. 17: 451-477. (In Persian).



J. of Range. Sci., 2018, Vol. 8, No. 1 The Effects .../ 76

30 SB Sleogas g Atriplex lentiformis ols oy » wdls 3 guw dlgo il
(o2 b «yblo Wlidzi ol 150 )50 axillan) S g oy |

2oksiaz oy 2GSl e Edish e T pinz dazme Hliug 0uile
dadashimojtaba@yah00.Com :Siig Sl o d(Jgime 005,50 &yl pl )5 eyl ol ¢ amnbs gulicn 3 (63,98 s coliwl®

Q|ﬁ| ‘G; ‘Ql).ej oKl ‘@.Hlo @L:.c 9 Lg}ﬁL.i‘S oS ‘)L:..i'.jbﬁ
ul)'il ‘L_g)Lw c‘_g)Lw 6:.«.Ja é.:L.A 9 6))51...5 f}lﬁ oKl ~L_,’_7.:._A.]a é:l.uc oasiisls UL,.@‘N

WAENYIYY il o o)
VWWAS/ YN by gl

2 ol Gl g 00 Ggume Lis Sliddess § Sid 3blie 00 ;0 oyl ) 58 a5 Sl 510
O Ol 50 il 10,93 ol Caedl 5l O Brae oS Gl bl oo dgame 3blie oyl
Lgd..m.:l.a.,o aQ )Aol.’> L)‘"‘bﬁ)" Q—")-’L“-’ Ml;GA u‘)l.‘>).’5.m LgL(b).o...L; )| oolau! c&_)] o).a._’>.) 6[.@05 )| é.’
aoyd ¥ g 1) aw) g5 linl L3l psm Sl B b s)TeS 5 Jyeme )bl slaghs,
e A g asye Ve b S SB o (g vy V0 g Ve maw) cudey g (se>
(4 ,hd ( iigzl S5 5 S>e5 ki s glas ) Atriplex lentiformis 4568 65609800 lao
u.‘i).h.b PL?U‘ uLuo.w uLA-M)‘ ul;l.u ul.m ol.i.....u‘ B yyay LJLM: B (5)‘;));449.0., Cw! d_o‘d);
L8 Sygo 1SS e b olas oS slaSeh zb B o LeSl codi] O ygoa iole;]
Gl 5 gu0 Slge a5 Slo ylid ol .cd pdy el SPSS16 l38le 5 5l oolaiwl b ool Judox ¢ 4y s
b D3l g Slgo rizan Bl bl Sy 5 Sz S Jl gl 2 (s foisie il
(5ol egate 5y e BB Casb) g o]y udib aapul (S S colaa 6 )ls e
Prate (i oS oeh ahi 3l g clls S Ods LB el Gl (Jodss as o
oole g0 3l oolatuwl (golaidl cuw)pm dl puored Cawl 00g.0 o Sre (50 9 yand e Bud>
3 259595 bl 5 (S35 TNO 5 TN e 95 )3 Sodgiy oS ol lad Cudg) g 09595 sl L3l g

Al g0 480t g5k (Jsame 65kl b olyen o> 1) o

Sl (s )lel o 9595 bl (i S 1 guadS Sleds



