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UREASE ACTIVITY IN RICE SOILS AS INFLUENCED BY MOISTURE
REGIMES AND RICE RHIZOSPHERE
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Abstract: Ureaseactivity in six rice soilsof Keralanamely laterite (Oxisol), karappadam (I ncepti-
sol), kari (Inceptisol), kole (I nceptisol) andblack soil (V ertisol ) werestudiedat 60% WHCandunder
submergence. The pattern of urea hydrolysis was same at 60% WHC and under submergence.
Whilethe black soil exhibited the highest urease activity, kari soil registered the lowest activity.
When soils were incubated for periods longer than 5 h (at both the moisture regimes) the urea
hydrolysis was complete within two daysin laterite, karappadam and kayal soils. For black and
kolesoilsit took five daysand for kari soil 30 daysfor thecompletion of urea hydrolysis. Therice
rhizosphere was found to have a positive influence on urease activity and the maximum urease
activity in the rhizosphere was noticed at 60lh day after planting.

INTRODUCTION

Urease (urea amidohydrolase, EC
3515) catalyses the hydrolysis of urea to
carbondioxide and ammonia. Urease is
uniqueamongsoil enzymesasitgenerally
affects the fate and performance of applied
urea. In the soil, urea is hydrolysed
enzymatically by urease to ammonium
and carbondioxide. A rapid hydrolysis of
urea is likely to result in serious
volatilizationlossof ammoniainlightsoils
with high pH. On the other hand, a Sow
rate of hydrolysisislikely to increase the
leaching loss of urea. Hence, proper
evaluation of the ureahydrolysing power
of any soil is essential to improve the
nitrogen useefficiency. Ureaseactivity is
knownto vary widely in differentsoils (Mc
Garity and Myers, 1967) and it is
influenced by several factors such as pH,
organic matter, soil submergence,
rhizosphere etc. (Kumar and Wagnet,
1984; Savant et al., 1985). In this paper the
urease activity of six rice soils of Keralais
studied asinfluenced by soil submergence
and ricerhizosphere.

MATERIALS AND METHODS

Six majortypesof ricesoilsof Kerala
namely laterite (Oxisol), karappadam

(Inceptisol), kari (Inceptisol), kayal
(Inceptisal), kole (Inceptisol) and black soil
(Vertisol) were used forthe study. Surface
samples (0-15 cm depth) representing
these soils were air-dried and ground to
pass through a2 mm sieve prior to use in
the studies. The physico-chemical
properties of the soils are given in Table 1.

Urease activity of the soils was
studied at 60% WHC and under
submergence. Five gram portions of each
soil were treated with urea (2 mg/g sail)
and incubated for different intervals
namely, 2, 5, 10, 15, 20, 24,48, 120, 240, 480
and 720 h. In the first case (60% WHC)
incubation was performed in plastic
bottles (200 ml) after the water content of
the soil was adjusted to 60% WHC. Inthe
second case, incubation was performed in
glass tubes (30 x 120 mm, 30 ml capacity)
after submerging the urea-teated soil with
5 ml of distilled water. Sufficient number
of replications for each soil were kept to
allow the remova of duplicate tubes at
each interval for the determination of
urease activity, by the non-buffer method
of Zantua and Bremner (1975).

To examine the role of rice
rhizosphere, a pot culture experiment
using the six soils was conducted during
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theperiod from January to May 1989 using
the rice variety Jyothi. Plastic pots of
capacity 4 1 were filled with 2 kg of each
soil and two rice seedlings (20 days old)
were planted in each pot and grown under
flooded condition. There were three
replications for each soil. Three pots
containing soil but without growing rice
were aso kept for each soil type. Nitrogen
was applied (@ 75 kg/ha) as ammonium
sulphate, phosphorus (@ 35 kg/ha) as
superphosphate and potassium (@ 35
kg/ha) as muriate of potash. Urease
activity of differentsoils, withandwithout
growing rice, was estimated by drawing
soil samples from the rhizosphere at the
time of planting, 30 days after planting
PAP), 60 DAP and at harvest by the non-
buffer method (Zantua and Bremner,
1975). The study could not be completed,
however, with kari soil as the rice
seedlings wilted dueto acute acidity afew
days after planting.

RESULTS AND DISCUSSION

Urea hydrolysis at different moisture re-
gimes

There was marked variation in
urease activity of thedifferent soil typesat
60% WHC (Table 2). While the black soil
exhibited the highest urease activity (for 5
h incubation) the kari soil registered the
lowest activity. The urease activities of
other soils did not show much variation
after 5 h incubation period and the values
ranged from 250 t0 285 ug urea hydrolysed
per gram of soil. Many studies have
related soil urease activity with soil
propertieslike organic carbon, total N, pH,
CEC and sand, silt and clay content (Mc
Garity and Myers, 1967, Zantua €t al.,D
1977, Dash et «/. 1981). While some
workers reported a positive relation, some
did not get any relationship at al. In the
present study, though kari soil which gave
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the lowest activity was having fairly high
organic carbon content it was low in silt
and clay content (Table 1). The pH of this
soil was as low as 2.5 even after
submergence for a long period. The low
pH of the soil could be one of the main
reasonsforthelow activity asthe optimum
pH for urease activity is in the range of 6
to 9 (Tabatabai and Bremner, 1972, May
and Douglas, 1976). The black soil which
showed the highest activity was having a
higher pH of around 8 and CEC of 524
me/ 100 g soil. Thecation exchangesitesin
soil are believed to retain urease as is
evident from the significant positive
correlation between urease activity and
CEC (Dalai, 1975, Zantua et «l., 1977).
Laterite, karappadam, kayal and kole soils
which had aslightly lower level of activity
were having a pH of around 4.7 and CEC
ranging from 4 to 20 me /100 g soil.

Thepattern of ureahydrolysisof the
soil when submerged for5 h interval was
almostthesameasthatat 60% WHC (Table
2). In this case soil was kept submerged
only after the addition of urea. Hence at
the time of incubation with urea the soil
was aerobic. Severa workers have aso
found that urease activity in soil was not
affected by the water level (Skujins and Mc
Laren, 1969; Gould et al, 1973).

Remarkable difference in urea
hydrolysis of the soil types was exhibited
when it wasincubated forinterval slonger
than 5 h (both at 60% WHC and under
submergence). The urea hydrolysis was
complete within two days in the case of
laterite, karappadam and kayal soil. For
black and kole sails, it took five days and
for kari soil it took 30 days for the
completion of urea hydrolysis (Table 2).
Thevery slow rate of hydrolysisof ureain
kari soil should be expected as the soil is
strongly acidic (pH 25) and acidity is
knowntoinhibitureahydrolysis(Bremner
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Table3. Effect of rhizosphere on urease activity of soilsat different stages of ricegrowth

Laterite 175

Karappadam 226
Kayal 226
E Kole 54
g Black 200
i

139 D 248
153 175 273
153 224 309
66 151 273
248 273 3%

175

60 DAP At harvest
Without rice Withrice
34 139 285
321 187 309
467 224 321
423 212 321
492 285 34

248

Tabled. Resultsof paired ‘t’' test on soil urease activity in thericerhizosphere at 30 DAP, 60 DAP and at harvest

Comparisons

; With and without growing rice at 30DAP
With and without growing rice a 60 DAP
With and without growing rice at harvest
30 DAP and 60 DAP

60 DAP and at harvest

30 DAP and at harvest

* Significant at 5% level

‘t’ value
Calculated Table
5.62¢ 212
9.11* 215
94* 215
2.75* 215
541* 215
0.0025 215

89
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and Mulvaney, 1978). Sahrawat (1980)
also observed that acid sul phate soils had
alower urease activity than soilswith near
neutral or alkaline pH.

Influence of rice rhizosphere On urease’

activity

The comparison by paired t-test
between urease activities of soilswith and
without growing rice at each of the three
stages of growth, 30 DAP, 60 DAP and at
harvest, shows a higher activity in soilsin
which rice was grown (Table 3). Urease
activity in the rice rhizosphere was found
to increase with the growth of rice plants
up to 60 days and thereafter it declined.
From the comparison of urease activities
between the three stages of crop growth by
paired t-test it was seen that urease activity
in the rhizosphere was highest at 60th day
after planting (Table 4). Urease activities
in the rice rhizosphere at 30th day after
planting and at harvest were at par.

The higher activity of urease in
cropped soil may be due to the microbial
activity intherhizosphere. Theactivity of
soil enzymes has been reported to be
correlated with the microbial activity
(Frankenberger and Dick, 1983; Tiwari et
al., 1988). The results also showed that
maximum activity was on 60th day after
planting. This may be due to the highest
root activity at this stage. Extracellular
urease had been reported to be associated
with rice roots (Mahapatraet al,, 1977). In
addition, rice rhizosphere is relatively
oxidised because of diffusion of O, from
the rice roots (Armstrong, 1971). The
presence of rice roots in the wetland soil
systemisthuslikely to influence theurea
hydrolysis.

ACKNOWLEDGEMENT

This paper forms a part of
M.Sc.(Ag.) thesis of the first author

69

submitted to the Kerala Agricultural
University in 1988.

REFERENCES

Armstrong, W. 1971 Radial oxygen losses from in-
tact rice roots as affected by distance from the
apex, respiration and waterlogging. Physidl.
Plant. 25: 192-197

Bremner, J.M. and Mulvaney, R.L. 1978. Urease ac-
tivity in soils. Soil Enzymes. R.G. Burns (ed.)
Academic Press, New Y ork, p 149-196

Dalai. R.C. 1975. Urease activity in some Trinidad
soils. Soil Biol. Biochem. 758

Dash, M.C,, Mishra, PC,, Mohanthy, R.R. and Bhatt,
N. 198L Effects of specific conductance and
temperature on urease activity in some Indian
soils. Soil Bid. Biochem.. 13 73-74

Frankenberger, W.T. and Dick, W.A. 1983, Relation-
ships between enzyme activities and microbial
growth and activity indices in soil. Soil Sci. Soc.
Am.]. 47 : 945-951

Gould, W.D., Cook, F.D. and Webster, G.R. 1973.
Factors affecting urea hydrolysis in  several
Alberta soils. PI. Soil 38 : 393-401

Kumar, V. and Wagenet, R.J. 1984. Urease activity
and kinetics of urea transformation in soils. Sail
Sci. 137 : 263-269

Mahapatra, B., Patnaik, B. and Mishra, D. 1977. The
exocellular urease in rice roots. Current i. 45 :
680-681

May, P.B. and Douglas, L.A. 1976. Assay for soil
urease acltivity. PLSoil 45 : 301-305

Mc Garity, JW. and Myers, M.G. 1967. A survey of
urease activity in soils of northern New South
Wales. Pl Soil 27: 217-238

Sahrawat, K.L. 1980. Urease activity in tropical rice
soils and flood water. MISoil Biol. Biochem. 12
1 195-19%

Savant, N.K., James, A.F. and Mc Clellan, G.H. 1985.
Effect of soil submergence on urea hydroly-
sis.Soil . 140 @ 81-86

Skujins, J.J.and Mc Laren, A.D. 1969. Assay of urease
activity using 14C urea in stored, geologically
preserved and in irradiated soils. Soil Biol.Bio-
chem.1:89-99



70

Tabalabai, M.A. and Bremner,].M. 1972. Assay of
urease activity in soils. So/7 Biol. Biochem. 4 :
479-487

Tiwari, S.C., Tiwari, B.K. and Mishra, R.R. 1988 En-
zyme activitiesin soils. Effect of leaching, igni-
tion, autoclaving and fumigation. Soil Biol.
Biochem. 20 : 583-585

JOURNAL OF TROPICAL AGRICULTURE

Zanlua, M.l. and Bremner, J.M. 1975. Comparison of
methods ofassaying urease activity in soils. Soil
Biol. Biochem. 7 : 291-295

Zantua, M.l., Dumenil, L.C. and Bremner, JM. 1977.
Relationships between soil urease activity and
other soil properties. Soil Sci. Soc.Am. ]. 41 :

350-352

Om0O



