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Influence of Rates of Application of Different Plant Residues
on Time Courses of N Mineralization and | mmobilization
in Soilswith Different Textures
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ABSTRACT

An aerobicincubation experiment was conducted at room temperature (19to 23 °C) to determine
the influence of rates of application of different plant residues on time courses of N mineralization and
immobilization in soilswith different textures. The experiment was carried out in acompletely randomized
design with three replications. The experimental treatmentswere factorial combinations of four factors:
(1) threerates of plant residue applications (0, 1.25, 2.50 and 5.00 mg of plant residue g1 soil); (2) three
soil textures (loamy sand, loam and clay soils); (3) four plant residue types (leucaena, sesbania, faba
bean stubble and maize stubble); and (4) six incubation periods (0, 15, 30, 60, 90 and 120 days). The
treated samples were analyzed for extractable mineral N (NH,* + NO3) to determine mineralization
and immobilization of N.

From theresults, thefollowing conclusions and recommendationswere drawn. (1) Application
of seshania residue into soils resulted in N mineralization with the rate that increased with fineness of
soil texture but decreased with increasing time of incubation. In the cases of the loam and clay soils, N
mineralization increased with increasing rate of residue up to 5.00 mg g1 soil throughout the incubation
period but, in the case of the loamy sand soil, N mineralization increased up to the highest rate after 30
days of incubation (DI). (2) Application of leucaenaresidue into soilsresulted in N immobilization that
increased with fineness of soil texture during 0-15 DI. N mineralization, increased with fineness of soil
texture and rates of application up to 5.00 mg g soil after 15-30 DI onwards, but decreased with time
of incubation. (3) Application of faba bean stubble or maize stubble resulted in N immobilization at the
rate that increased with fineness of soil texture. In the loamy sand soil N immobilization was mostly
observed throughout 120 DI. In the loam and clay soils, N immobilization that increased with fineness
of soil texture occurred during 0-15 DI. After 15-30 DI, N mineralization, at the rate that wasindependent
of therate of residue application in the case of theloam soil but decrease with increasein the application
rate in the case of the clay soil, took place.
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INTRODUCTION

In many management options, addition
of organic materialsis considered as an important
source of plant nutrients. Parr and Papendick
(1978) stated that one of the features of sustained
agriculturewasitslower dependence on chemical
fertilizers and recycling of on-farm residues to
maintain or improve fertility of soils. Wade and
Sanchez (1983) reported that the use of organic
residuesasasourceof N for cropswas particularly
important in many parts of humid tropic where N
fertilizers were not often economically feasible.
Constantinides and Fownes (1994) also indicated
that intropical agricultural ecosystemswith limited
accesstofertilizers, plant residueswere often used
to meet the N reguirements of annual food crops.

However, the release of mineral N from
the added plant residues might not be sufficient to
satisfy the requirement of crops for the optimum
yield, particularly when materialswith C:N ratios
abovethecritical levelsareadded. Paul and Clark
(1989) reported that when the organic residues
added to soil contained wider C:N ratios,
microorganisms utilized the mineral N present in
the soil to supplement that in the residues. Under
these conditions, soil available mineral N
practically disappears from the soil causing the
plantsto suffer from nitrogen deficiency. To avoid
such deficits and satisfy the nutritional
reguirements of plant, it might be very important
to determine the times of mineralization and
immobilization of N from the decomposition of
different plant materials added to soils. Fox et al.
(1990) reported that to optimize the use of N from
plant residuesfor subsequent or companion crops,
it was necessary to predict their mineralization
ratesin the soil. Most of the studies conducted on
the mineralization and immobilization of N from
the applied residues have been short-term
incubations and motivated primarily by the need
for rapid methods of assessing soil N availability.
Palm and Sanchez (1991) reported that short-term

incubations could be useful guide for screening
short-term N release and availability from
legumes. However, Stanford and Smith (1972)
suggested that the N mineralization-time curves
obtained during long-term incubations could
providearational or consistent basisfor estimating
N supplying capacities of soils.

Studies have indicated that the amounts
of plant residue added to soils have a marked
influence on the rate of residue decomposition and
N mineralization. Jenkinson (1977) described that
decomposition and mineralization of N from the
applied organic residues was considerably more
rapid at lower rates of application than when added
at higher rates. Melillo and Aber (1984) reported
that application of higher rates of wheat straw and
deciduous trees resulted in immobilization of
mineral N dueto theincreased demand for biomass
synthesisby the micrroganisms. Power (1968) also
concluded that the amount of N immobilized was
in proportion to the quantity of residues added to
the soil. On the other hand, some authors have
reported that increasing amounts of residue
application suppressed the activities of aerobic
microorganism that were responsible for
nitrification and instead it enhanced the
denitrification of mineral N. Amberger (1989)
described that application of higher amounts of
wheat straw to heavy soilswhere oxygen diffusion
was temporarily depressed, led to anaerobic
fermentation and denitrification also occurred.
Likewise, Alexander (1977) also stated that large
addition of organic residues led to oxygen
deficiency especially during the first few days
when microbial activity was high, because
anaerobic sites were developed in the soil and
nitrate-N was denitrified. The greater the quantity
of residues added the longer the period of
nitrification will be blocked (Brady, 1990).

For efficient utilization of locally
available organic resources, it will be very
important to investigate and determine the N
mineralization and immobilization processes in
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relation to the amounts added to soils. The
objectives of the study were: 1) to find suitable
times, prior to planting, for application of different
plant residuesto soilswith different textures 2) to
examine the effect of rate of applications of
different plant residues on time course of N
mineralization in soils with different textures so
that suitable rate of application might be
determined.

MATERIALSAND METHODS

The experiment was done at the
|aboratory of the National Soil Research Center,
Addis Ababa, Ethiopia.

Experimental design

A laboratory incubation experiment was
carried out using acompletely randomized design
with 3 x 3 x 4 x 6 treatmentsand threereplications.
The experimental treatments were factorial
combinations of four factors: (1) three rates of
residue application (0, 1.25, 2.50 and 5.00 mg of
plant residue g! soil, equivalent to 2.5, 5.0 and
10.0 t hal, respectively); (2) three soil textures
(loamy sand, loam and clay soils); (3) four residue
types (leucaena, sesbania, faba bean and maize);
and (4) six incubation periods (0, 15, 30, 60, 90
and 120 days).

Soil samples collection and preparation

The soils used in the investigation were
collected from the 0-15 cm layers of soil in
cultivated fields. The bulk samples of loamy sand
soil werecollected from farmers' fieldsin Dengego
area of eastern Ethiopia, the loam soil was
collected from Mekele Agricultural Research
Station of northern Ethiopia and the clay soil was
collected from Nekemtefarmers' fieldsof western
Ethiopia. The soil samples were air-dried and
gently crushed to pass through a 2-mm sieve. All
visible organic residues were removed by hand
after sieving and then each soil was thoroughly

mixed and stored at room temperaturein moisture
proof containers.

Properties of the soil used

Particle size distribution of the soil was
determined by the hydrometer method
(Bouyoucos, 1951), the upper limits of the
available moisture holding capacities and the
permanent wilting moisture contents of the soils
were determined at -33 and -1500 kPa,
respectively, by the pressure-membrane method
(Richards, 1965), soil pH by the potentiometrical
method with soil:water ratio of 1:2.5 (Van
Reeuwijk, 1992), cation exchange capacity by 1M-
ammonium acetate method at pH 7 (Chapman,
1965), organic carbon by the dichromate method
(Walkley and Black, 1934), total N by the micro-
Kjeldahl method modified to include nitrate and
nitrite-N (Bremner and Mulvaney, 1982) and
extractable NH,*and NO5-N by steam distillation
(Keeney and Nelson, 1982). All soil analyseswere
conducted on duplicate samples. The results are
shownin Table 1.

Plant material preparation and analysis

Four locally available crop residues,
namely topsof leucaena (Leucaenaleucocephala),
tops of sesbania (Sesbania sesban) and stubbles
of faba bean (Micia fabacae L.) and stubbles of
maize (Zea mays L.) were collected from the
research centers. The maize stubbles were
collected from the unfertilized plots. The plant
materials were oven dried at 70°C to constant
weight, ground to pass through a 1-mm sieve and
stored in plastic vials. Each plant material was
analyzed for organic carbon using the dry ashing
method (Amato, 1983) and total N by the micro-
Kjeldahl procedure (Bremner and Mulvaney,
1982). Extraction of chemical constituents
(cellulose, lignin and polyphenol) of plant
materials were performed following the method
developed by Van Soest (1963) and Van Soest and
Wine (1967). All plant analyses were conducted
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on duplicate samples. The results are shown in
Table 2.

Incubation procedure

The incubation experiment was done in
plastic bottles with 180 ml capacity. The soil
samples were amended with ground plant
materials at required rates. The soil and residues
were thoroughly mixed. For all of the plant
residues, the soil moisture was adjusted to 100 %
FC in the loamy sand and loam soil and 75 % FC
in the clay soil whereas it was adjusted to 75 %
FC (on weight basis) in case of leucaena residue
in the loamy sand soil. The moisture levels used
have been found most suitable for enhancing
mineralization of N in plant residues applied to
each soil type (Tesfaye et al., 2005). After
adjustment of moisture contents, each of the

incubation bottleswas closed with aluminiumfoil
onwhichthree holeswere madewith apinto allow
gaseous exchange with the atmosphere. Then the
treated soil samples were incubated in laboratory
at room temperature (19 to 23°C) for required
periods. To prevent the devel opment of anaerobic
conditions, the incubation bottles were opened to
aerate at 5-day intervals for 15-20 minutes
throughout theincubation period. At eachinterval,
thelossesin weight of theincubation bottleswere
checked and deionised water was added to bring
the weight to the original. The samples of zero
day incubation were analyzed for extractable
mineral N (NH,* and NO3 -N) immediately after
mixing the soil and plant residues. At the end of
each of the specified incubation period, the
incubation bottles were re-randomized.

Table1l Some physical and chemical characteristics of the soil used.

Soil texture Loamy sand Loam Clay
Properties
Field capacity moisture (%, w/w) 5.0 223 40.2
Permanent wilting point moisture (%,w/w ) 2.7 105 25.6
Sand (%) 84.0 46.0 220
Silt (%) 8.0 320 38.0
Clay (%) 8.0 220 40.0
pH in water (1:2.5, soil : water) 7.7 7.7 5.0
OM (%) 13 23 53
Total N (%) 0.08 0.11 0.29
NH,4* -N (mg kglsoil) 3.7 5.0 7.3
NO5 -N ( mg kgsail) 4.1 7.9 5.7
CEC [cmol.(+) kgt soil ] 6.6 22.3 24.5
Table2 Chemical characteristics of plant residue used.
Plant residues C (%) Total N CIN Lignin Hemi-  Cellulose Poly-
(%) (%) cellulose (%) phenolics
(%) (%)
Leucaena 45.3 39 1.7 7.4 10.6 9.8 18.2
Sesbania 45.0 49 9.1 4.0 16 12.9 13.9
Faba bean 45.0 17 26.8 115 11.0 449 10.8
Maize stubble 46.0 12 39.3 4.8 36.4 42.0 7.6
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Analysis of extractable mineral N in the
incubated samples

Extractable mineral N (NH,* + NO3-N)
in the soil was determined after the specified
incubation period. One hundred ml of 2N KCl was
added to each incubated bottle (2:1 KCI solution
to soil ratio) and the incubation bottles were then
shaken for 1 hr on a reciprocal shaker. The
suspension was then allowed to settle until the
supernatant liquid was clear and the supernatant
was then filtered using Whatman no.42 filter
papers. Thefiltrate was kept in refrigerator in air-
tight bottle at -2°C. An aliquot of 30 ml extract
was used for the determination of NH,*-N by
steam distillation in the presence of MgO and
subsequently NO5-N was determined by adding
Devarda's alloy (Keeney and Nelson, 1982). The
distillate was collected in 2 % boric acid-indicator
solution. The amount of NH,* and NO3z-N inthe
distillate was quantified by titration with 0.01N
HCI.

Calculation of A mineral N

A Mineral N was calculated as the
differencein the amount of extractable mineral N
between the soil amended with plant residue and
the control, for each incubation time. A positive
value of A mineral N thus would indicate N

150 4

mineralization whereas a negative one would
indicate N immobilization dueto the plant residue
application.

RESULTSAND DISCUSSION

Statistical analysis

Analysisof variances of the effect of the
factor studied on A mineral N was carried out. All
individual factors alone and all of their possible
combinations showed significant effects at the 99
% confidence level.

Seshaniaresidue

Theamountsof mineralized N (A mineral
N) produced in different soils during incubation
with different amounts of sesbania residue are
shown in Figure 1. In al of the soils incubated
with sesbaniaresidue, N mineralization occurred
at all rates of application and at all times of
incubation. The highest rate of N mineralization
was observed mostly at the highest rate of residue.
The rate of mineralization increased with the
increasein finenessof soil texture. In casesof loam
and clay soil, rates of N mineralization decreased
with the increase in time of incubation but
mineralization still occurred at 120 days of
incubation (DI). In the loamy sand soil very low
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Figurel Time courses of change in mineral N (A mineral N), due to sesbania application, during
incubation of soils applied with different rates of sesbania residue as affected by soil types

and rates of application.
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but constant rates of N mineralization were
observed.

The lower rates of release of mineral N
in case of the loamy sand soil, as compared with
the loam and clay soil was presumably due to
moisture scarcity. Since moisture content of the
loamy sand soil at field capacity was very low
because of large percentage of sand. Inthisregard,
the activities of the microorganism might be
slowed down. Thisresult supported that of Haynes
(1986) which concluded that crop residues N
mineralization rateswerereduced at low soil water
contents. However, the highest N mineralization
was obtained at the application rate of 5.00 mg g
1 soil after 30 DI onwards, but in cases of loam
and clay soils, it was obtained at all times of
incubation. Therefore, application rate of 5.00 mg
g1 soil was most suitable for mineralization of N
from the decomposition of this residue in all of
the soil types. Theresultsindicated that increasing
rate of application of the residue did not limit N
mineralization in soils. This might be attributed
to the favorable C:N ratio of the plant material
that enhanced mineralization of N during the
decomposition of this residue. The results
supported Fox et al. (1990) who described that
for plant residueswith low C:N ratio, the N content
was enough to meet the needs of microbial

45 -
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communities and the surplus would be
mineralized. The increase in the rate of
mineralization of N associated with the degree of
fineness of the soil texturewasmost likely resulted
from natural differencesin capacitiesof soil to hold
moisture. Since the moisture content of the soils
studied increased with the increase in the clay
content. Theresults confirmed that theincreasein
the mineralization of N in the finer-textured soils
was due to high water storage capacities of soil
that might accelerate the activities of
microorganisms. Thiswasin agreement with that
of Chaterpaul et al. (1980) which described that
the influence of soil texture on N mineralization
was not adirect effect of clay on microorganisms
but was related to soil water holding ability.

Leucaenaresidue

Theamountsof mineralized N (A mineral
N) in different soils during incubation with
different rates of leucaena residue are shown in
Figure 2. During 0-15 DI, N immobilization that
increased with fineness of the soil texture was
observed, but the residue effect was not significant
However, after 15-30 DI, N mineralization that
increased with rate of residue application but
decreased with theincreasein incubation timewas
observed in the loam and clay soils. In the loamy
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Figure2 Time courses of change in mineral N (A mineral N), due to leucaena application, during
incubation of soils applied with different rates of leucaena residue as affected by soil types

and rates of application.
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sand soil, no significant change in A mineral N
was observed from the residue application at the
lowest rate but low rate of N mineralization and
low rate of N immobilization were observed at
the medium and highest rates of application,
respectively.

The increased rates of N mineralization
up to the highest rates of residue application in
cases of loam and clay soilsindicated that increase
intherate of application did not limit the activities
of the aerobic microorganismsin soils during the
incubation periods studied. Therefore, the
application rate of 5.00 mg g soil was most
suitable for mineralization of N from
decomposition of this plant material in cases of
loam and clay soils. This might be dueto the low
C:N ratio of the residue and the favorable
conditions in the soils for the microbial activity.
Thiswasin agreement with the results of Swift et
al. (1981) which described that plant residueswith
high nitrogen contents showed nutrient release. In
case of loamy sand soil, the highest N
mineralization was obtained at the application rate
of 2.50mg g1 soil after 30 DI onwards. Thismight
be attributed to the presence of adequate level of
soil moisture content at the application rate that
enhanced the activities of the microorganismsthat
needed relatively high C:N ratio, whereas at the
lower and higher rates of residue application the
moisture levels were too high and too low,
respectively, to enhance such activities. Thisresult
supported Miller and Johnson (1964) who
concluded that maximum rate of mineralization
occurred at the soil moisture content at which soil
aeration remained non-limiting. However, the
decrease in mineralized N at the highest rate of
the plant material was presumably dueto moisture
stressthat might slow down the microbial activity.
Theresults supported that of Haynes (1986) which
described that the decline in size of decomposer
communitiesby thelethal action of moisture stress
in dry soils had a retarding effect on the plant
decomposition process. Henceit could be expected

that the highest rate of residue would show the
highest N mineralization if the soil moisture was
at the suitable level, i.e. 75 % FC. This effect of
moisture level has been demonstrated by Tesfaye
et al. (2004) who found that soil moisture at 75 %
FC was more suitable than those at 50 and 100 %
FC for mineralization of N in leucaenaresiduein
the loamy sand soil. The occurrence of N
immobilizationin all of the soils presumably was
due to non-selective growth of soil organisms at
the early stages of incubation.

Faba bean and maize stubble

Theamountsof immobilized N (negative
A mineral N) obtained in different soils during
incubation with different amounts of faba bean
stubble and maize stubble are shown in Figures 3
and 4. During 0-15 DI, N immobilization that
increased with fineness of soil texture was
observed. In the loamy sand soil, very low rates
of N immobilization that mostly increased with
increase in incubation time up to 120 DI was
observed. In the loam and clay soils, N
immobilization at the rates that decreased with
increase in incubation time up to 15-30 DI and
thereafter N mineralization occurred except in case
of thetwo higher rates of plant residuein the clay
soil. The N immobilization occurred at the rates
that mostly increased with increase in fineness of
soil textureand in rate of plant residue application.

In case of loamy sand soil, higher
amounts of N immobilization was observed at the
higher rates of residue after 30 DI onwards
whereas the lowest amount of N immobilization
was mostly obtained at the residue application
rate of 1.25 mg g soil (Figures 3a and 4a).
Therefore, the application rate of 1.25 mg g1 soil
was most suitable for minimizing immobilization
of N from decomposition of these stubble in the
case of loamy sand soil. Thisresult supported the
results of Power (1968) which concluded that the
amount of N immobilized was in proportion to
the quantities of residue added to the soil. The
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immobilization of N during the early stages of
incubation in the loam and clay soils might be
attributed to the low N contents of the plant
material that could not satisfy the increased
demand for mineral N. Thiswasin agreement with
Jenkinson (1981) who concluded that temporary
immobilization of N occurred when organic
residues with wide C:N ratios were added to the
soil. Theincreasein rate of N immobilization with
increase in finess of soil texture and in rate of
residue application up to the second rate in the
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loam soil suggested that the moisture content of
the loam soil limited N immobilization at the
highest rate of residue. This result was in
agreement with the result of Parkin (1987) which
described that bacterial proliferation wasretarded
by an insufficiency of water. Hence, the
immobilization of N would increase with increase
intherate of residueif the moisture content of the
soil-residue mixture was at the desired level. The
amounts of N mineralized during the later stage
of incubation essentially comparable among

Incubation time, days

0 15 30 60 9 120

o

0

-10 -10 |
2 20 | 2 20
j=2} j=2]
£ E
= 30 | = 30|
g g
£ -40 | £ -0 |
= =
< <

-50 | -50

a Loamy sand soil
-60 60 b. Loam soil
---e---125mggy; —e—250mggl;

KA
o

N
o

A Mineral N (mg kgt)
. 5 g )

@
=]

-60 J

——0500mgg?l; | = Error bars

Figure 3 Time courses of change in mineral N (A mineral N), due to faba bean stubble application,
during incubation of soils applied with different rates of faba bean stubble as affected by soil
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different rates of residue application in the loam
soil and the occurrences of mineralization at the
lowest rate of plant residue and of N
immobilization at the highest rate of plant residue
in the clay soil suggested that aeration was the
factor that determined the net result of changein
the soil mineral N. With limited aeration, N
mineralization was limited and N immobilization
was enhanced. In view of minimizing N
immobilization, a lower rate of faba bean and
maize stubble would be more desirable than a
higher rate.

CONCLUSION

1. Application of sesbaniaresidue into
soilsresulted in N mineralization with the rate that
decreased with increase in time of incubation. In
cases of loam and clay soil, N mineralization
increased with the increasing rate of residue up to
5.00 mg g* soil throughout the incubation period
but, in case of loamy sand soil, N mineralization
increased up to the highest rate after 30 DI.

2. Application of leucaenaresidueinto
soilsresulted in either immobilization or no change
in mineral N during 30 DI. N mineralization at
the rate that decreased with time of incubation
increased with theincreasing in rates of application
up to up to 5.00 mg g'! soil after 15-30 DI.

3. Application of faba bean stubble or
maize stubbleinto loamy sand soil mostly resulted
inimmobilization of N throughout 120 DI. In case
of loam soil with stubble of fababean and stubble
of maize, N mineralization increased with the
increasing rate of application up to 5.00 and 2.50
mg g1 soil after 30 DI, respectively. In case of
clay soil with both of plant materials, the amounts
of mineral N decreased with theincreasing rate of
residue application throughout the course of
incubation.

4. With view point of maximizing
amount of mineralized N and minimizing amount
of immobilized N, application at a higher rate

would be more desirable than at a lower rate in
cases of seshania and leucaena residues whereas
alower rate would be more suitable than a higher
rate in cases of faba bean and maize stubble.

5. In order to enhance supply of N
mineralized from plant residue and/or minimized
amount of N fertilizer to compensate the
immobilized N for crop, application at planting
might be recommended for sesbania residue
whereas preapplication by at least 15 days before
planting was recommended for faba bean and
maize stubble.

ACKNOWLEDGEMENTS

The authors extend their acknowledge-
ment to the National Soil Research Center,
Ethiopian Agricultural Research Organization and
Agricultural Research Training Program for
funding and facilitating the research.

LITERATURE CITED

Alexander, M. 1977. Introduction to Soil
Microbiology. 2 edition. John Wiley and
Sons, New York 467p.

Amato, M. 1983. The decomposition of 12C and
14Cin plant and soil. Soil Biol. Biochem. 15:
611-612.

Amberger, A. 1989. Use of organic wastes as
fertilizersand itsenvironmental implications,
pp. 315-328. InR. Merckx., H. Vereecken and
K. Vlassak (eds.). Proceedings of the First
Symposium  “Fertilizer and the
Environment.” Leuven, University Press,
Belgium.

Bouyoucos, G. J. 1951. A recalibration of the
hydrometer method for making mechanical
analysis of soils. Agron. J. 43: 434-438.

Brady, N. C. 1990. The Nature and Properties
of Soils. 10" ed. Macmillan Co., New York
621p.

Bremner, J. M. and C.S. Mulvaney. 1982. Total



610 Kasetsart J. (Nat. Sci.) 39(4)

Nitrogen, pp. 595-624. In A. L. Page (ed.).
M ethodsof Soil Analysis. Part 2: Chemical
and Microbiological Properties. Agron. 9.
Amer. Soc. Agron., Madison, Wisconsin.

Chapman, H.D. 1965. Cation exchange capacity,
pp. 891-901. In C.A. Black (ed.). Methods
of Soil Analysis. Part 2: Chemical and
Microbiological Properties. Agron. 9. Amer.
Soc. Agron., Madison, Wisconsin.

Chaterpaul, L., E. A. Paul and W. Colaco. 1980.
Denitrification potential and fractions of
organic carbon in air-dried and field moist
soils. Soil Biol. Biochem. 20: 737-741.

Constantantinides, M., and JH. Fownes. 1994.
Nitrogen mineralization from leavesand litter
of tropical plants: Rellationship to nitrogen,
lignin and soluble polyphenol concentrations.
Soil Biol. Biochem. 26: 49-55.

Fox R.H., R. J. K. Myersand |. Vallis. 1990. The
nitrogen mineralization rate of legume
residues in soil as influenced by their
polyphenoal, lignin, and nitrogen contents.
Plant Soil 129: 251-259.

Haynes, R. J. 1986. The decomposition process.
mineralization, immobilization, humus
formation, and degradation, pp. 52-126. In
R. J. Haynes (ed.). Mineral Nitrogen in the
Plant-Soil System. AcademicsPress, London.

Jenkinson, D.S. 1977. Studies on the
decomposition of plant material insoil. V. The
effect of plant cover and soil type on the loss
of carbon from 14C labeled ryegrass
decomposing under field conditions. J. Soil
Sci. 28: 424-434.

Jenkinson, D.S. 1981. Thefate of plant and animal
residues in soil, pp. 505-562. In D. J.
Greenland and M.B.H. Hayes (eds.). The
Chemistry of Soil Processes. JohnWiley and
Sons, Belfast.

Keeney, D.R and D.W. Nelson. 1982. Nitrogen-
inorganic forms, pp 648-654. In A. L. Page
(ed.). Methods of Soil Analysis. Part 2:
Chemical and Microbiological Properties.

Agron. 9. Amer. Soc. Agron., Madison,
Wisconsin.

Melillo, M. and J.D. Aber. 1984. Nutrient
immobilizationin decaying litter: an example
of carbon-nutrient interactions, pp.193-2151n
J.H. Cooley and F.B. Golley (eds.). Trends
in Ecological Research for the 1980's.
Plenum. New York

Miller, R.D. and D.D. Johnson. 1964. The effect
of soil moisture tension on carbon dioxide
evolution, nitrification and nitrogen
mineralization. Soil Sci. Soc. Am. Proc. 28:
644-647.

Palm, C.A. and PA. Sanchez. 1991. Nitrogen
release from the leaves of some tropical
legumes as affected by their lignin and
polyphenolic contents. Soil Biol. Biochem.
23: 83-88.

Parr, J.F. and R.I. Papendick. 1978. Factors
affecting the decomposition of crop residues
by microorganisms, pp. 101-129. In W.R.
Ocscwald (ed.). Crop Residue M anagement
Systems. Am. Soc. Agron. Madison, Wiscon.
Publ. no.31.

Parkin, T. B. 1987. Soil microsites as a source of
denitrification variability. Soil Sci. Soc. Am.
J. 51: 1194-1199.

Paul, E.A. and F.E. Clark. 1989. Soil
Microbiology and Biochemistry. Academic
Press, San Diego. 273 p.

Power, JF. 1968. Mineralization of nitrogen in
grassroots. Soil Sci. Soc. Am. Proc. 32: 673-
675.

Richards, L.A. 1965. Physical condition of water
in soil, pp 128-152. In C.A. Black (ed.).
Methods of Soil Analysis. Part 1: Physical
and Mineralogical Properties, Including
Statistics of Measurement and Sampling.
Agron. 9. Amer. Soc. Agron., Madison,
Wisconsin.

Stanford, G. and S. J. Smith. 1972. Nitrogen
mineralization potentials of soils. Soil Sci.
Soc. Am. Proc. 36: 465-472.



Kasetsart J. (Nat. Sci.) 39(4) 611

Swift M.J.,, A. Russsell-Smith and T.J. Perfect.
1981. Decomposition and mineral-nutrient
dynamicsof plant litter in aregenerating bush-
fallow in sub-humid tropical Africa. J. Ecolo.
69: 981-995.

Tesfaye, E., A. Suwanarit., V.Verasan and J.
Chanchareonsook. 2005. Influence of soil
moisture content on time courses of nitrogen
mineralization and immobilization caused by
application of different plant residuesto soils
with different texture. Kasetsart J. (Nat. Sci.)
39: 1-10.

Van Reeuwijk, L.P. 1992. Procedures for Soil
Analysis. 3" ed. International Soil Reference
and Information Centre, Wageningen (1SRIC)
83p.

Van Soest, P. J. 1963. Use of detergents in the
analysis of fibrous feeds. Part 2: A rapid

method for the determination of fiber and
lignin. Journal of Association of Official
Analytical Chemists (AOAC) 46: 828-835.

Van Soest, PJ. and R.H. Wine. 1967. Use of

detergentsin the analysisof fibrousfeeds. Part
4: Determination of plant cell-wall
constituents. Journal of Association of
Official Analytical Chemists (AOAC) 50:
50-55.

Wade, M K. and PA. Sanchez. 1983. Mulching

and green manure applicationsfor continuous
crop production in the Amazon Basin. J.
Agron. 75: 39-45.

Walkley, A and |.A. Black. 1934. An examination

of the Degtijareff method for determining soil
organic mater and a proposed modification
of the chromic acid titration method. Soil Sci.
37: 29-38.





