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Abstract
Marsh land ( south of Irag ) is of great international interest at present time. Studying some microbial

propertiesincluding enzyme activities, can be useful asindicator of soil quality of this area. General conclusion
of enzyme reaction in soil can be reached from the thermodynamic parameters of the enzyme — soil system.
Hence, this experiment was conducted to study thermodynamic parameters ( Q10, Ea, AHa, ASaand AGa) for
inorganic pyrophosphatase enzyme in this soil as compared with their counter parts of other soils of south of Iraq
( Al-Zubair and Abul-Khasib soils ). Results indicated that Q10 and AGa values of marsh land did not
significantly differs from other soils under study with average values of about 1.11 and 14.55 KJmol * ,
respectively. Ea values of marsh land , Al-Zubair and Abul-Khasib soil were 8.72 , 7.47 and 9.53 KJmol ™,
respectively. ASa values for marsh land soil
(-10.49 Jdeg ' mol ™) were lower than those of Abul-Khasib (—~7.85 Jdeg ™ mol ™) but higher than those of Al-
Zubair (—14.55Jdeg ™ mol ).

AHa values were in order of Abul-Khasib (1 12.08 KJmol ) > marsh land ( 11.27 KJmol ™) > Al-Zubair
soil (10.02 KJmol ™).

1- Introduction reported that soil enzymes are known to be
It is well known that biochemical reaction involved in the cycling of nutrients can be used
involve in nutrient cycling in soils are mediated as potential indicators of nutrients cycling

by soil enzymes. McLatchey and Reddy (1998 ) processes. Complex structure of organic
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compounds in soils must be first hydrolyzed
through the activity of enzymes into low
molecular weight compounds can be directly
transfered to cdls oxidized and use as an energy
source ( Wright and Reddy, 2001 ).

Several phosphatase enzymes occur in sail,
among them is pyrophosphatase (pyrophosphate
phosphohydrolase, EC 3.6.1.1. ) which catalyze
the hydrolysis of pyrophosphate synthesized by
microorganisms ( Pepper et al., 1976 ) or added
to soil as fertilizers (Dick and Tabatabai, 1978)

to orthophosphate. The overall reaction is:
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Pyrophosphatase is widdly distributed in
nature and its activity in bacteria , insect ,
mammalian and plants has been reported by
several workers as reported by Tabatabai (199 ).
Pyrophosphatase activity in soils has been
reported by Gilliam and Sample ( 1968 ) and
Hossner and Phillips ( 1971 ). The activity of
this enzyme in soil needs specia attention
because its substrate , pyrophosphate is used as
fertilizer. Pyrophosphatase activity in soils, like
other soil enzymes affected by soil properties
such as sail type, ion strength and pH.

General conclusion of enzyme reaction in
soil can be reached from the thermodynamic
parameters of the enzyme — soil system. Such

parameters include activation of energy (Ea),

change in enthalpy (AHa) and in entropy ( ASa)
, and free energy of activation ( AGa) ( Perucci
and Scarponi , 1984 ).

Marsh land ( south of Iraq ) is of great
international interest at present time. Studying
some of microbiological properties , including
enzyme activities can be useful as indicator of
soil quality in this area. A search of literatures
revealed no previous studies on enzyme
activities in this area. Therefore , series of
experiments were conducted to study enzyme
activities in this area as compared with their
counter parts of other soils namely Al-Zubair
and Abul-Khasib in south of Irag. The purpose
of this paper is to present the thermodynamic
parameters of inorganic pyrophosphatase in
marsh land and other soils under study.
Characteristics of this enzyme in all soils under
study was reported previously (Al-Ansari et al.,
2007).

2-Materials and Methods
Surface soil samples were collected from
(south of Irag) to study

parameters.  activation  of

marsh land

thermodynamic
energy ( Ea) , change in enthalpy ( AHa ) and
in entropy ( ASa ) as wdl as free energy of
activation ( AGa ) in such a soil as compared
with their counter parts of soils collected from
other sites namdy Al-Zubair and Abul-Khasib
both located at south of Irag. Soils were

collected to obtain a wide range in organic
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matter , total nitrogen, CaCQOs; dectrical
conductivity ( E.C. ) and sail texture. Sail E.C.
range from 13 dSm™* at marsh land to 5.8dSm*
at Abul-Khasib area. Organic materials and
total nitrogen ( gm kg ~*) range from 35.0 and
5.0 to 22.0 and 1.5 at marsh land and Abul-
Khasib area , respectivdy. While texture were
clay at marsh land and silty clay at Abul-Khasib
area. Soil properties of Al-Zubair area were
eectrical conductivity 9.01 dSm* , organic
materials 2.05 gm kg *, total nitrogen 0.30 gm
kg ~ ! and with a texture of loamy sand. pH of
soils under study was about 7.8 . Above
reported soil properties were determined as
described by Page at d.,( 1982 )

To study the effect of temperature on
inorganic  pyrophosphatase  activity,  sail
samples treated with 50mM pyrophosphate
solution as substrate and incubated at different
temperatures (10, 20, 30, 40, 50, 60, 70 and
80°C) for five hours , then enzyme activity was
assayed following procedure of Dick and
Tabatabai (1978) described by Tabatabai
(1994).

The activation energy ( Ea ) of inorganic
pyrophosphatase in soils under study was
calculated from enzyme activity obtained at 50
m pyrophosphate but temperature of incubation
varied from 10 to 50 °C (Tabatabai , 1994 ).
The activation energy were calculated using the
Arrhenius eguation :

K=A.exp(-Ea/RT)

Where A is the preexpontial factor , Eaisthe
energy of activation , R is the gas constant and
T is the temperature in degree Kevin. The
temperature coefficient ( Q10 ) was calculated
by the following equation as described by
Frankenberger ( 1983) :

10000 Ea

Q10 =exp
8314T(T+10)

Changes in enthalpy (AHa) and entropy ( ASa)
of activation values have been calculated from
the following equations as described by Perucci
and Scarponi (1984) :
AHa=Ea+ RT

Log K/T = 10.319 + ASa/4.574 — AHa/l 4.574T

The free energy of activation ( AGa ) values
calculated from equation:

AGa=AHa-T ASa
All results reported are average of three

replicates expressed on air — dry basis.

3-Results and Discussion

Fig. (1) shows that at various temperatures
of incubation inorganic  pyrophosphatase
activity of marsh land was higher than those of
Al-Zubair soil but lower than Abul-Khasib soil.
Enzyme activity in al soils under study
increased by increasing temperature from 10 to
60 °C. However , increasing temperature of
incubation beyond 60 °C decreased inorganic

pyrophosphatase activity. Studies on the effect
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of temperature on enzyme activities in soils
have shown that most soil enzymes are
inactivated  (denaturated) at
between 60 and 70 °C ( Tabatabai , 1994 ). The
stability of enzymes increased as temperature

temperature

decreased below the optimum temperature for
activity. Khaziev ( 1975 ) reported that at low
temperature , free and weakly bound soil
enzymes are most active , but with increasing
temperature the immobilized enzymes became
more active. He also reported that the changes
in temperature in thermodynamic characteristics
indicate heterogeneity in the composition and
state of soil enzymes. O’Toole and Morgan
(1984) suggested existence of a number of
types of organic materials — urease complexes
in soils , each possessing distinct characteristics
including thermal stability.

The temperature dependence of the rate
constant of an enzyme reaction can be
described by Arrhenius equation which could
expressed as :

LogK =—(Ea/2303RT)+LogA
the constant A is a factor redated to the
frequency of collisions of the reactants (eg.
substrate) with the enzyme. The collisions
frequency is influenced by the concentration of
the reactant molecules and their kinetic energy
(Gray, 1977). The activation energy was
obtained from an Arrhenius equation plot of

Log K against /T at lower temperature

generally between 10-50 °C (Tabatabai , 1994)
where Ea is determined from the negative slop.
The  Arrhenius  plots for  inorganic
pyrophosphatase activity values (ug PO4—
P/gm soil /5 hrs.) of the three soils under study
were linear between 10 and 60 °C ( Fig. 2).

The activation energy values of the reaction
catalyzed by
expressed in KJ mol ™ were 7.47 , 9.53 and 8.75
for Al-Zubair , Abul-Khasib and marsh land

soils , respectively. The values obtained in this

inorganic  pyrophosphatase

study were lower than those of other
phosphatase enzyme activities (eg. Alkaline
phosphatase) in the soils under study (Al-
Ansari e al., 1999). Perucci and Scarponi
(1984) reported that Ea values reflect the
affinity of enzyme to substrate and low Ea
values may be corrdated with easier enzyme —
substrate complex formation. The results of
their study showed that the Ea values of
Arylsulphatase enzyme in soil amended with
plant residue were lower than that for
unamended soil , but the differences are not

significant.
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Fig.(1): Effect of temperature of incubation on inorganic pyrophosphatase
activity in different soils.

& Abul-Khasib
B Marsh land
A Al-Zubair

-c —~

[T

0 =

8 -

S

a3

".; €

o2

a3

) ~

o

30 31 32 33 34 35
UT (K 'x10%)

Fig.(2): Arrhenius equation plot of inorganic pyrophosphatase activity of
different soil.
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Temperature coefficient ( Q10 )
most often , is used to study the effect of
temperature on enzyme — catalyzed reaction .
Enzymes catalyzed reactions , however , are
less sensitive to temperature changes than their
uncatalyzed counter partes , whereas the
uncatalyzed rate may double with every 10 °C
devation of temperature , the enzyme -

catalyzed reaction rate will increase by a factor

of <2 (Zafrenand Hall , 1973 ). Temperature
coefficient ( Q10 ) is related to the activation
energy
suggested by Segd (1976) :

( Ea ) and can be expressed as

10 Ea
Log Q10 =

2.303T (T +10)

Table (1) : Temperature coefficient ( Q10 ) of inorganic pyrophosphatase in different soils.

°C AL-ZUBAIR ABUL-KHASIB MARSH LANDS
10 113 115 113
20 111 114 113
30 1.00 113 112
40 1.09 112 111
50 1.09 111 1.10
60 1.08 1.10 1.10

Temperature coefficient of inorganic
pyrophosphatase for soils under study were
calculated according to equation described by
Frankenberger (1983) and presented in table
(1). The average of Q10 for inorganic
pyrophosphatase  activity for temperature
ranging from 10 to 60 °C were, 1.11, 1.13 and
1.08 for marsh land , Abul-Khasib and Al-
Zubair , respectively. The Q10 values of soil
enzymes is an indication of kinetics energy
required for the reaction catalyzed by enzyme
in soils. The lower the Q10 value, the lower the

kinetics energy required for a reaction. Sege

(1975) reported that a Q10 of 2 is equivalent to
an Ea of about 12600 Cal mol ~*( 53 KJmol 1)
at 25 °C. the Q10 values of the energy under
study were lower than those of other
phosphatase ( eg. Alkaline phosphatase ) in all
soils under study ( Al-Ansari et al., 1999 ).
Thermodynamic parameters ( AHa , ASa
and AGa ) were calculated and presented in
table (2).The AHa values for inorganic
pyrophosphatase  activity for temperature
ranging from 10 to 60 °C were 11.27 KJmol ~*
for marsh land , 12.08 and 10.02 KJmol ~* for

Abul-Khasib and Al-Zubair soils , respectively.
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All ASa vaues for soils under study were
negative and values of Abul-Khasib soil were
higher than of marsh land and Al-Zubair soil.
The average ASa were — 7.85 , — 10.49 and —
14.55 Jdeg ~* mol ~* for Abul-Khasib , marsh

land and Al-Zubair soils , respectively. Perucci
and Scarponi ( 1984 ) reported that amendment
soil with crop residue lower the steric effect and
stabilized the formation of enzyme — substrate

complex.

Table ( 2) : Thermodynamic parameters ; AHa , ASa and AGa of studied soils under different

temper atur e of incubation.

AL-ZUBAIR ABUL-KHASIB

°C AHa*  ASa*  AGa* AHa ASa AGa AHa ASa AGa

MARSH LANDS

10 982 -1250 1335 1188 521 13.35 11.07 -8.07 13.35
20 990 -1339 1382 1196 -6.37 13.82 1115 -913 13.82
30 10.00 -14.14 1428 12.04 -7.45 14.30 11.23 -10.12 14.29
40 10.07 -15.04 1472 1213 -84 14.77 11.32  -11.02 14.76
50 10.15 -1579 1525 1221 -9.39 15.24 11.40 -11.90 15.24
60 10.23 -1649 1572 1229 -1029 1571 11.48 -12.72 15.71

* AHa and AGa are expressed as KJmol ~*and ASais expressed as Jdeg ~* mol %,

The AGa values reported in table ( 2 )
showed that the free energy of the inorganic
pyrophosphatase in each soil samples are
similar in spite of differences in AHa and ASa
values obtained for different soils under study.
Similar trends for arylsulphatase activity in
soils amended with different crop residues were
reported by Perucci and Scarponi ( 1984 ).
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