1JCBS, 6(2014):68-71

International Joumal of Chemical and Biochemical Sciences

y (ISSN 2226-9614)
International Q
SCIENTIFIC ~ Journal Home page. www.iscientific.org/Journal. html
—Organization—

© International Scientific Organization ‘ scffﬁﬁc‘

2

Urease activity under salinity stress in calcareous soils of semi-arid
regions of Iraq

Raghad S. Mouhamad®, Ibrahim B. Razaq®, Ali S. Fadhel', Shaimaa A. Yousir?,

Dhrgham 1. Taha' and Munawar Igbal*”

'Soil and Water Resources Center, Ministry of Sciences & Technology, Baghdad —Irag
*National Centre of Excellence in Physical Chemistry, University of Peshawar, Peshawar-25120, Pakistan

Abstract

The present study was conducted to appraise the urease activity under salinity stress from calcareous soil of lower
Mesopotamian plain of Irag. The soil selected was not under cultivation since last five year at the time of sampling. Soil samples
of 0-15 cm depth were collected and soil characteristics were determined by standard methods. Urease activity was assayed by
buffer method, which involved the estimation of ammonium produced from urea and toluene-treated tris (hydroxymethyl) amino-
methane at 37°C for 2 h. The correlation analysis was performed to appraise the relationship between urease activity and soil
characteristics. The urease enzyme activity varied significantly among soil types and soil properties also affected it considerably.
A high degree of correlation between urease activities and SAR was observed in clay loam and silty clay soils with R? values of
0.99 and 0.84, respectively. Furthermore, it was observed that the urease was considerably low where Na ion concentration was

high versus Mg and Ca ions.
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1. Introduction

Under dry conditions urea hydrolysis results in
rapid N loss to the atmosphere through NH; volatilization
process and urea fertilizer had been reported to less (20%)
efficient due to this loss in the arid regions [1]. The urease
enzyme activity is one of the reasons of this N loss to the
atmosphere [2]. Kizilkaya and Hepflen [3] revealed the
hydrolysis of urea-type substrates by urease enzymes and
microbes are the major source of urease enzyme in soil. It is
well known that urease enzyme in soil is responsible for the
hydrolysis of urea fertilizer applied to soil into NH3 and CO,
with concomitant rise in soil pH. The stability of urease in
soil is affected by several factors. Studies have shown that
extracellular urease associated with soil organic mineral
complexes is more stable than urease in the soil solution [4].
Humus-urease complexes extracted from soil are highly
resistant to denaturing agents such as temperature; urease
extracted from plants or microorganisms is rapidly degraded
in soil [5]. Cropping history, organic matter content, soil
amendments, heavy metals, moisture and temperature may
affect urease activity [6]. Many studies have been conducted
to evaluate the effect of incubating temperature on the
activity of hydrolytic enzymes, although, most of these
studies have involved finding out the optimum temperature
for activity [7]. Furthermore, some studies also highlighted
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the effect of the incubation time on enzymes activities in
soil of hydrolytic enzymes [8].

In view of the importance of enzyme activity in soil, it was
hypothesized that soil properties are important in control
enzyme activity. Therefore, this study was designed to
evaluate the urease activity in different soil as a function of
various soil physico-chemical properties from sami-arid
region of Iraq.

2. Material and Methods

2.1. Study area

The study selected was flood plain 180 km south of
Baghdad, at 32°30'0"-32.5° N and 45°20'0"-45.33° E. The
area has semi-arid climate of low humidity and less than 120
mm annual precipitation rates. Soil types are typic
torrifluvent hyper thermic soil and are undergone severe
desertification since the mid-1980s due to climate changes
in Irag. The urea became the main N fertilizer source for
agriculture after the development of agriculture industry
since 1970 [9].

2.2. Soils and Analysis

Soil samples were collected early spring (April 2012)
from the upper 30 cm of two different regions. Soil sample
was stored at 4°C in a field moist condition. Microbiological
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properties were studied for the field-moist soil. The soil
moisture content was measured after drying at 105°C for 24
h. All results of microbiological properties were expressed
on the basis of moisture-free weight. The pH and electrical
conductivity were measured in an aqueous extract (1/5 s/w)
[10]. Available P was extracted from sodium bicarbonate
and determined by the method reported elsewhere [11].
Exchangeable K, Mg and Na were extracted with
ammonium acetate and were measured by flame
photometry. Ammonium and Nitrate were determined by the
Kjeldahl method [12] and texture was determined by the
hydrometer method [13].

2.3. Urease Assay

Urease activity was assayed by the method of
Hoffmann and Teicher [14]. Toluene (0.25 mL), 0.75 mL
citrate buffer (pH, 6.7) and 1 mL of 10% urea substrate
solution were added to 1 g soil and incubated for 3 h at
37°C. The formation of ammonium was determined as
reported by Bremner and Mulvaney [12]. Results were
expressed as ug NH,-N g™ 2h™ of dry soil.

2.4. Statistical Analysis

The data of urease assays were examined statistically.
All experiments were performed in triplicate and data thus
obtained was averaged. Analysis of variance (2-way
ANOVA) was carried out using the 3 factors arranged in a
randomized complete block design. Means were compared
using correlation tests, with a significance level of P<0.01.
All statistical calculations were performed using MSTAT
and SPSS (version 11.0).

3. Results and Discussion

Characteristics of soils used in this study are shown in
Table 1. The soils texture was clay, clay laom and silty clay
texture and calcareous in nature. There was a significant
difference in soil properties among soils. The EC, OC and
total nitrogen content varied significant and there was slight
variation in pH values. As it can be seen in Table 1, The,
EC, pH, OC and N (%) were in the range of 20.1-51.4 dS/m,
7.1-8.33, 0.04-0.55 mgg™ and 0.23-0.48%, respectively.

3.1. Effect of soil physico-chemical characteristics on

urease activity

Urease activities detected in soils under salinity stress
are shown in Fig. 1. The urease activity recorded to be in the
range of 30-160 ug NH,-N g™ 2hr " dry soil. It was observed
that the EC affected the urease activity significantly and the
enzyme activity was also observed different among soil
textures. In clay loam soil, the urease activity was ranged
from 80-160 ug NH,-N g™ 2h " dry soil, whereas it was 40-
100 ug NH,-N g™ 2h " dry soil in silty clay and 140-160 ug
NH,-N g™ 2h "dry soil in clay. The EC value greatly affect
the urease activity and urease activity was higher at 20
dS/m, then decreased as the EC values increased to 30-35
dS/m and above this value the urease activity again
increased (Fig. 1). It is well known that the EC is directly
related to salt concentration and type of salt in soil and the
salt concentration may vary among soil types that might be
responsible in EC variation and urease activities. Statistical
analysis shows that EC in the range of 20-30 ds/m correlated
negatively with urease activity that may be explained by the
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fact that increase in salinity decrease the microflora in soil
and resultantly the enzyme activity is likely to decrease [15].
While EC range of 30-<40 dS/m in the same soil texture was
positively correlated with activity of urease. In this case the
positive correlation between EC with enzyme activity may
be due to salt movement (concentration) that is controlled by
adsorption on clay particles or encapsulated in humic
complexes [16]. Previously, similar trend has been reported
regarding enzymatic activity and EC [17]. Author’s shown
both types of relationships between EC and enzyme activity
in certain ranges. A significant and positive correlation
between clay content and urease activity has also been
reported form lowa and Trinidad soils [18]. Similar to this
study, Frankenberger and Tabatabai [19] also revealed a
correlation of enzymes activity with clay contents and a
negative relationship between urease activities and sand
contents in ten surface non-cultivated California soils. The
silty clay and clay loam soil showed exponentially negative
correlations between urease activity and EC in 20-30 ds/m
range. At 20 ds/m urease activity was 100 and 160 ug NH,4-
N g™ 2h " dry soil for silty clay and clay loam, respectively,
whereas it reached to 70 and 130 g NH4-N g™ 2h  dry soil
for silty clay and clay loam, respectively for EC values
greater than 40 ds/m. Furthermore, it was observed that soil
texture revealed positive liner correlation with urease
activity where salt concentration was high which may
explain that urease activities depended on microbial biomass
and greater stabilization of extracellular urease by soil
properties. This means inhibition of enzyme activity reduced
when soluble slats were increased from antagonism and
homogenates participated in the active site of the urease
enzyme [20].

3.2. Correlation between urease activities and soil physico-
chemical characteristics

The correlation matrix  demonstrated the
relationships between soil characteristics and urease activity
that discounted the use of multiple linear regressions due to
co-alignment, including the relationships between SAR
(Sodium adsorption ratio, mmol/L), pH, NH*", NO® Na*,
Mg and Ca®" on urease activity. The results regarding
correlation between urease activity and soil physico-
chemical characteristics are given in Table 2. Results
showed that soil pH had significant but native impact on
urease activity and the clay loam showed the highest
correlation of -0.92, while it was -0.80 and -0.88 for clay
and silty clay soil, respectively. Regarding pH effect on
urease activity on urease activities Fidaled and Lavecchia
(2003) revealed that the molecular dissociation constants for
the free enzyme are not affected by substrate binding and
pH negative impact might be this reason. High pH soil
affects availability of nutrients and controls the composition
and diversity of microbial community and also less prone to
denaturation and biological degradation by humic polymers
which protect enzymes against microbiological degradation
[8] (Nelson et al., 2008). The SAR showed positive and a
high degree of correlation with urease activity, while it was
negative with clay soil. The relationship between urease
activities and ammonium was high and insignificant among
soil types, whereas nitrate showed high positive correlation
with urease activity in clay soil and negative correlation was
recorded for clay loam and silty clay soil.
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Fig. 1. The urease activity (UA) in different soil texture at different EC values

Table 1. Descriptive statistics for selected properties of soils

Soil Texture Ece pH 0.C N%
Clay Loam 20.1 7.1 0.04 0.23
29.6 8 0.05 0.3

44.1 7.67 0.04 0.25

Silty Clay 20.1 8.24 0.37 0.36
32 8 0.25 0.43

48.6 8 0.3 0.32

Clay 23.2 8 0.54 0.48
33.1 7.75 0.55 0.45

51.4 8.33 0.51 0.31

Where: Ece (1:5 soil: solution), O.C (organic Carbon), N%: Total Nitrogen
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Table 2. Correlation between urease activities (UA) and physico-chemical characteristics of soils, ** significant at P<0.01
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Characterises Clay Clay loam Silty Clay
pH -0.80581" -0.92007" -0.88601"
SAR -0.51439 0.999512" 0.840254"
Ammonium -0.38623™A -0.29829 M -0.28346 ™A
Nitrate 0.995401" -0.89989" -0.80382"
Sodium -0.01057 ™A 0.038974 "* -0.27439™A
Magnesium 0.995475 " -0.64795 -0.40087
Calcium 0.860238"" -0.26278™" -0.20233"A

UA, urease activity; **, significant at P<0.01; NA, not significant.

The metallic ions such as sodium, magnesium and
calcium showed negative and non-significant correlation,
while sodium for clay loam (non-significant) and
magnesium and calcium (significant) for clay soil revealed
positive correlation with urease-activity. Insignificant and
native relationship were observed between sodium and
urease activity in two soil texture reached (-0.01 and -0.27)
in clay and silty clay respectively. But an insignificant and
positive relation between urease activity and clay loam soil.
It is clear from results that sodium ion is more effective in
decreasing urease activity, while Mg and Ca least which
indicates that sodium ion competed urease on exchange sites
and enhanced the chalet enzyme and inhibition.

4. Conclusion

The enzymatic activity is an important factor in soil and
in present investigation urease activity was evaluated in
different soil types as a function of soil physico-chemical
properties such as soil texture, EC, pH, SAR and ions. The
correlation between soil characteristics and urease activity
was performed by statistical analysis. It was found that soil
physico-chemical properties have significant effect on
urease activity in soil. Furthermore, the urease activity was
also found to be different among soil textures. Form results
of present study, it is concluded that the soil physico-
chemical properties must be taken into account while
evaluating the enzymatic activities of soil.
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