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In order to investigate the effects of compost and super absorbent on quality of Soil, Super absorbent

soil, an experiment was carried out in Bu-Ali Sina University at 2013-2014. A
randomized complete block design with six treatments and three replicates was
employed. The treatments used included: three level of super absorbent (1, 2
and 4 ton per ha) and three level compost (0, 20 and 40 ton per ha). In this
study, effects of compost and super absorbent were investigated on heavy
metals concentration and pH in soil. The Results showed that the effect of
treatments on heavy metals concentration (except Fe in block) and pH of the
soil was statistically non- significant (p<0.01). Also, the interaction of
treatments and block wasn’t significant (p<0.01) on pH and heavy metals
concentration. The maximum of Fe, Zn, Cu and Mn concentrations were
observed in treatments of 1 ton/ha super absorbent, 2 ton/ha super absorbent, 40
ton/ha compost and 20 ton/ha compost, 0 ton/ha compost, respectively. The
maximum of pH values were also occurred in 40 ton/ha compost. The results
show that the maximum concentrations between heavy metals belonged to Fe.
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I. INTRODUCTION

In order to fertilize the soils of arid and semi-arid
regions, which account for more than 80% of
agricultural land and lack organic materials, the
addition of organic materials to them is necessary.
Recently, the process of compost production using
some kind of earthworms has been considered as an
easy and nature-friendly technology for the production
of organic compost from waste materials and the
stabilization of such materials (Ahmadabadi et al.,
2011).

Super absorbent polymers effectively influence soil
components such as penetration rate, density,
structure, compression and texture. Also, stability of
aggregates, soil crusting, and rate of evaporation are
other factors that can be affected by super-adsorbents.
These materials can absorb 200 to 500 milliliters of
water per gram of dry weight and preserve it in the
root environment. superabsorbents are odorless,
colorless, and their consumption in water, soil and
vegetation does not cause contamination. Finally these
polymers undergo decomposition in soil by
microorganisms depending on their type and break
down to their components including ammonia, carbon
dioxide and water without toxic wastes (Abedi and
Asadkazemy 2006).

In the context of compost and superabsorbent
application in soil, some researches have been carried
out inside and outside the country. Iglesias (1996)
reported that urban waste compost significantly
increased the concentration of manganese and zinc in
the soil compared to chemical fertilizers, which is
symmetrical to the application of compost amount.
Zohorianmehr and Kabiri (2008) also showed that
application of moisture absorption materials is an
approach to enhance efficiency of irrigation
enhancement in different agricultural projects,
particularly in arid and semi-arid regions. These
moisture absorbing materials are hydrophilic networks
that both absorb and maintain water large amounts of
water or any aqueous solvents. Fink (1992) reported
that super-adsorbents can reduce water usage in some
light soils to one-third due to their ability to maintain
moisture in the soil for a long time, and these
substances have no environmental adverse effects on
soil.

Transportation of heavy metals in soil is not high, and
usually remains in the entrance area (Eschorado et al.,
1991). But in some studies, the transfer of these
metals has been clearly observed. Dodiwolk (1991)
observed symptoms of the rare metal movements in an

area lower than root zone. Aluvio (1990) stated that
the movement of heavy metals in soils with large
pores could be as a consequence of the colloidal
sediments and clay particles movements along with
the movement of the soil solution, which also
transfers heavy metals binding to them. Chen et al.
(2010) reported that less than 4% copper and more
than 58.3% zinc were leached in the compost, using
compost application in red soils of China. The
researchers reported that the leaching of metals from
the compost was due to binding of metals to soluble
organic matter.

According to the previous studies, most of these
studies have investigated the effect of superabsorbent
and compost on plant and less attention has been paid
to application effect of these materials on the quality
of soil. Considering the fact that any research has not
been studied the effect of these materials on soil
quality (saturated extract) without plant cultivation
conditions, Therefore, in this research we focused on
the use of different treatments of super-absorbents and
composts in controlled farm conditions. In addition,
the effect of temperature and climate conditions has
also been the subject of this research.

Materials and methods
Area of study

This research was conducted in 2012-2014 at the farm
of the Faculty of Agriculture, University of Bu-Ali-
Sina, Hamedan province, Hamedan, which is located
between 33 degrees 48 minutes north latitude and 47
degrees 34 minutes 49 degrees and 36 minutes east
longitude from prime meridian. The average annual
atmospheric  precipitation in Hamedan region
estimated 317 mm, which is 26% higher than the
average of the country (Parsafar, 2011).

This research was carried out as a randomized
complete block design with six treatments and three
replications. In this regard, six treatments utilized
including: compost fertilization at three levels
(consumption without compost, 20 and 40 tons per
hectare) and different levels of chlorophyll
superabsorbent at three levels (1, 2 and 4 tons per
hectare).

Medium preparation

In the implementation of this study, 18 cretes with
space of 2 square meters were prepared. At a depth of
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20.1 meters of each crete, a drainage system was
installed, and then different amounts of
superabsorbent and compost were used at a depth of
30 cm. After preparation, irrigation was carried out in
three stages in the form of flooding irrigation. In the
first irrigation period, different amounts of
superabsorbent and compost were used in each
experimental plot, the second irrigation was after one
month and the third one was after the cold winter
period. In order to determine the pattern, soil was
sampled from depth of 20 cm and was dried at
laboratory temperature. Then, the percentage of sand,
clay and soil silt was determined using a 2-mm sieve
and a hydrometric method (Beykas 1962). Some
physical  properties of soil, compost and
superabsorbent is provided in tables 1-3.

Measurements of heavy metals and pH of the
medium

To determine the concentration of heavy metals (iron,
zinc, copper and manganese), soil samples were taken
from 20 and 40 cm depths. Extracts preparation and
determination of absorbable concentrations of heavy
elements in soil was performed using DTPA
extractors (Lindsey and Neurol, 1978). This solution
contains 0.005 molar DTPA and 0.01 molar calcium
chloride and pH= 3.7. 10 g soil was weighted using
0.01 gram scale and was transferred to centrifuge
tubes with 20 mL extractor solution, and was shaken
for 2 hours in appropriate electrical equipment.
Afterwards, samples were filtered with Watman filter
paper 42. The concentration of absorbable metals was
measured by the Varin 220 atomic absorption device.

Table 1. Some of the physical features of examined soil

porosity density clay silt sand
Actual Soil pattern
(percentage) (gricm?®) Apparent (percentage)
F¥/N 0 Y/ ypp. Sandy o oclay g ey YO/YA ¥a/Y A
loam
Table 2. Some of the physical features of examined compost
Sodium Ec pH Cadmium Manganese Nickel Copper Zinc Iron
(mg/kg) (ds/m) (mg/kg)
JF OFY/d V¥R ¥/A OYA/Y  #A/¥  YAY/Y  FFV/F FLPANF
Table 3. Some of the physical features of examined superabsorbent
Water absorption Specific mass Moisture Particle
capacity pH content sixe
(gr/gr) (gr/cm?) (=) (um)
YY VA 7/8 V/¥Y v, YO -0
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of all heavy metals 2

Table 4: Concentration of heavy metals, sodium
and pH in primary soil

Sodiur Manganes Coppe Zin  Iror

pl Treatment
(mo/li

\ZA) YY/) ¥/ V/V V/Y VYY/0% 4 kg compost

v/ Y/ v/¥ Y/¥ ¥/A Y#/3Y 8 kg compost

v/X YA/ ¥/ V/% V)Y Y./04 0.2kg
superabsorbel

V/¥ Y./% g/ Y/Y YV Y404 0.4kg
superabsorbel

/Y Y./7 Y/ V/F VY YA/NS  0.8Kg
superabsorbel

V/¥ Y./7 Y/A  Y/Y &)V Y¥)/Yo  Control

The Switzerland pH meter was also used to determine
the pH of the samples.

The concentration of heavy metals (iron, zinc, copper
and manganese) as well as the pH of the used soil
(before adding compost and superabsorbent) are
presented in Table 4.

insignificant at 1% level. In this study, the mteractlon
between block and treatment on the examined
parameters was insignificant at 1% level. Hosseinpour
et al. (2012) reported that the use of compost fertilizer
in soil and the duration of its use on the amount of soil
absorbable iron and manganese was statistically
insignificant at 1% level, but became significant on
the amount of soil absorbable zinc and copper at 1%
level. These results were inconsistent with the results
of the present study, except manganese element. Also,
the results of this study about the effect of compost on
zinc and manganese concentrations contradict with the
results of Eglias-Jimens (1996).

Table 5. Analysis of variance of the treatments effects on concentrations of the

examined elements

average of squares Degrees Source

pH Manganese Copper Zinc Iron of of
freedom change

«/aYns VARLLEEYAR LY VAL BRI G ) <Sb
./ans ./c\ ns ./\/ NS ,/vvns ,/q ANS o) JLA:'E
./QAHS ~/\//\ns ~/V\Jns ./?.HS .//\\/ns d X Lﬁ)&.‘
Dbt

VR A e XY/ Y YA/FY Y¥ sldas
a3

/o NV L B RY-YAR 7 S P 2 Yo oo slaa
K

**. At 1% level is significant, ns there is no significant difference

Results and discussion

Table 5 shows the statistical analysis of the applied
treatments on heavy metals concentrations and pH of
the examined soil. According to Table 2, the effect of
block on zinc, copper, manganese concentrations and
pH of the soil is insignificant and the effect on iron
concentration is significant in 1% level. Also, based
on these results, effect of treatments on concentrations

Table 6 shows the comparison of the mean
concentrations of heavy metals and pH in the medium
by applying various amounts of compost and
superabsorbent. According to this table, the highest
and the lowest concentrations of iron were observed in
0.2 kg of superabsorbent treatments and 4 kg of
compost in each plot, respectively. Also, the results
indicate that the highest and lowest copper
concentrations are related to treatment of 8 kg of
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compost and control. About manganese, the highest
and lowest concentrations were observed in 4 kg
compost and 0.8 kg superabsorbent treatments,
respectively. About zinc, the highest and lowest
concentrations were observed in 0.4 kg of
superabsorbent treatments and 4 kg of compost,
respectively. No significant difference was observed
for iron, manganese, zinc and copper treatments at the
level of 1%.

Marjoy et al. (2012) reported that the concentration of
nutrients such as iron, zinc and copper was
significantly higher in compost treated soil Due to the
use of compost, which contradicts the results of the
present study. Also, Abedi Kupai et al (2009) reported
that increased concentrations of superabsorbent had
no significant effect on iron and zinc concentrations,
which is consistent with the results of this study.

The results of this study showed that about pH of soil
samples (saturated extract), the highest and lowest
values were observed in treatments of 8 kg of compost
and 0.2 kg of superabsorbent respectively. There was
a significant difference between treatments of 8 kg of
compost and 0.2 kg of superabsorbent (1%). No
significant difference was observed in other
treatments.

In this study, the manganese concentration in soil
culture medium (saturated extract) was decreased by
increasing the compost volume from 4 kg to 8 kg per
plot. An increase was observed in iron, zinc, copper as
well as pH parameter. In general, the use of compost
caused accumulation of manganese and copper in the
soil and the amount of zinc was decreased. According
to Iglesias Jimenez (1996), urban waste compost
increased the concentration of manganese and zinc in
comparison with chemical fertilizers in the soil, which
was proportional to the application of compost
content. Chen et al. (2010) reported that less than 4%
of copper and more than 58.3% of the zinc found in
the compost were leached, which can be due to the
sharp drop in soil zinc levels in compost treatments.

The results of this study showed that superabsorbent
application increased the concentrations of iron, zinc,
copper and manganese in soil in comparison with
control treatment. Also, increasing the amount of
superabsorbent in the soil have increased the amount
of iron, manganese, zinc, and copper. PH was
increased with the superabsorbent increment from 0.2
to 0.4 kg, and again decreased when the
superabsorbent increased to 0.8 kg. Sharifan et al.

Table 6 - Comparison of the average concentrations of (mg/lit)

examined elements

pH Manganese Copper Zinc Iron Treatment
V/¥ o f/7aa - y/ava o y/¥ea Vf/vv@ 4 kg compost
y/ava F/P¥a y/yea o Y/¥a2@ YA/7V@ 8 kg compost
V/Y4b Y/ova  YJAVE A/NFRVQ/¥YR (2 kg
superabsorbent

V/¥ya F/YARVAAE Y AVE S YAAYE 0.4 kg
superabsorbent

V/¥ pab F/¥va Y/uea Y YYRE YA (08 kg
superabsorbent

V/¥aa F/¥Ya y/yYa y¥/ovea YA/ ¥R Control

*. The means in each column with common letters do not show
significant difference in Duncan's 1% level test.

According to the accumulation of heavy metals in soil
(saturated extract) and treatments of 4 and 8 kg of
compost, 0.8 kg of superabsorbent and control, the
magnitude of metals was observed in this order: iron>
manganese> zinc> copper. Also, by applying 0.2 and
0.4 kg of superabsorbent treatments in each plot, a
magnitude of metals was observed in same order:
iron> zinc> manganese> copper.

(1391) reported that the capacity for conservation of
water and nutrients for a long time and reduction of
water washing are some of the superabsorbants
benefits, increased capacity to maintain water and
food for a long time, reduce the washing of water and
food in the soil. In this study, the use of
superabsorbent has also led to an increase in the
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accumulation of elements in the soil, which can be
due to the reduction of leaching of these elements.
Furthermore, Zohourianmehr and Kabiri (2008) found
that moisture absorbing materials are hydrophilic
networks which can both absorb water and maintain
large amounts of water or aquatic solutions.

Figures 1-5 show the variation of the applied
treatments during different irrigation periods in the
present study conditions on the concentrations of iron,
zinc, copper, manganese and pH in soil medium
(saturated extract). The compost treatments (control,
20 and 40 tons per hectare) are indicated with letters
A, B, C and superabsorbent treatments (1, 2 and 4
tons per hectare) are indicated with letters D, E and F,
respectively for the simplicity.

Figure 1: Changes in iron content in the soil due to
different amounts of compost and superabsorbent
during irrigation periods

Figure 2: Changes in zinc content in the soil due to
different amounts of compost and superabsorbent
during irrigation periods

Figure 3: Changes in copper content in the soil due to
different amounts of compost and superabsorbent
during irrigation periods

Figure 4: Changes in copper content in the soil due to
different amounts of compost and superabsorbent
during irrigation periods

According to fig. 1 (a) and (b), the iron content is
reduced sharply in compost treatments with continued
irrigation. No significant difference was found
between different treatments of compost and
superabsorbent. Among different treatments of
compost and superabsorbent, maximum amount of
iron in soil was 8 and 0.4 kg, respectively.

According to fig. 2 (a) and (b), there is a different
function between compost and superabsorbent
treatments, from the zinc content point of view. In the
case of compost treatments, zinc content has been
reduced by continuous irrigation. In various
superabsorbent treatments, zinc content have been
increased more than the initial level, with irrigation
continuation.  With  increasing compost and
superabsorbent application, the highest zinc content in
the soil was related to the control treatments and 0.4
kg.

Figure 3 (a) and (b) show that there is a different
function between compost and superabsorbent
treatments from copper content point of view. In the
case of compost treatments, the copper content has
been decreased during irrigation. In superabsorbent
treatments, all treatments (4 tons per hectare of

superabsorbent) have been decreased with continuous
irrigation. By increasing the compost and
superabsorbent application, 8 and 0.4 kg treatments
had the maximum copper content in the soil,
respectively.

According to fig. 4 (a) and (b), the compost and
superabsorbent treatments are similar in terms of
manganese content. In the case of various treatments
of compost and superabsorbent, the amount of
manganese has decreased with continuous irrigation.
By increasing use of compost and superabsorbent, the
maximum manganese content is related to 4 and 0.4
kg treatments, respectively.

Iron, manganese and zinc show the same behavior
among compost treatments independent of irrigation
time. This behavior was also the same for iron and
manganese among superabsorbent treatments.

Figure 5: Changes in soil pH due to different amounts
of compost and superabsorbent during irrigation.

According to fig. 5 (a) and (b), pH has been generally
changed between 7/35 and to 7/30 in the compost and
superabsorbent treatments. In compost treatments, pH
have been gradually decreased and acidified with
continuous irrigation. In superabsorbent treatments
during irrigation (except spring irrigation), it has also
been decreased. With increased use of compost and
superabsorbent, the maximum pH is related to
treatments of 4 and 0.4 kg.

Overall conclusion

In this study, the effects of different compost and
superabsorbent treatments is investigated on the
concentration of iron, zinc, copper, manganese and pH
parameters in soil. For this purpose, an experiment
was conducted in a randomized complete block design
manner, with six treatments and three replications.
Treatments included: three levels of compost
fertilization (application without compost, 20 and 40
tons per hectare), and different levels of chlorophyll
containing superabsorbent in three levels (1, 2 and 4
tons per hectare). The results showed that the effect of
investigated treatments on the concentration of
examined elements and the soil pH (soil extracts) are
insignificant at 1% level. The highest concentrations
of iron, zinc, copper and manganese were detected in
treatments of 1 and 2 tons per hectare superabsorbent,
40 and 20 tons per hectare of compost respectively.
The highest and lowest pH values were related to
treatment of 40 tons per hectare compost and 1 tons
per hectare superabsorbent. Also, the results showed
that various compost treatments contain high iron and



University College of Takestan

manganese contents and various superabsorbent
treatments contain high iron and zinc content.
Comparison of heavy metals showed that the highest
concentration in the treatments was related to iron.
With continued irrigation, the amount of iron and
manganese in compost and superabsorbent treatments
has been greatly reduced. Also, in compost treatments,
the amount of zinc has been reduced by irrigation
continuity. In the various superabsorbent treatments,
zinc levels had an increase over the initial level with
continuous irrigation. In  the compost and
superabsorbent treatments, the amount of copper was
reduced (except 4 tons per hectare treatment) during
irrigation periods. Regarding compost treatments,
with continued irrigation, the amount of pH has been
gradually  decreased and acidified.  About
superabsorbent treatments during irrigation (except
spring irrigation), it has also been decreased.
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