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I nfluence of Soil M oisture Content on Time Cour ses of Nitrogen
Mineralization and I mmobilization Caused by Applications of
Different Plant Residue to Soilswith Different Textures

Tesfaye Ertebol, Amnat Suwanarit2, Visoot Verasan3 and Jongruk Chanchar eonsook?

ABSTRACT

A laboratory aerobic incubation experiment was conducted at room temperatureto determinethe
influence of soil moisture contents on time courses of N mineralization and immobilization caused by
application of different plant residues. Theexperiment wascarried out inacompletely randomized design
with a4 x 3 x 3 x 6 treatments and three replications. The experimental treatments were factorial
combinationsof four factors: (1) four plant residuetypes(control, leucaena, sesbania, stubbleof fababean
and stubble of maize; (2) three soil textures (loamy sand, loam and clay soil); (3) three moisture levels
[50, 75 and 100 % field capacity (FC)]; and (4) six incubation periods (0, 15, 30, 60, 90 and 120 days).
The treated samples were analyzed for mineral N (NH4* + NO-3) to determine mineralization and
immobilization of N.

Incorporation of seshaniaresidue in soils resulted in N mineralization with the rates decreasing
withincreaseintime of incubation. Throughout 120 days of incubation (DI), N mineralization increased
with the increase in soil moisture content up to 100 % FC in case of the loamy sand soil but up to 75 %
FC in case of the clay soil. In case of the loam soil, N mineralization was not affected by soil moisture
content during 30 DI but increased with increase in soil moisture content up to 100 % FC after 30 DI.
Incorporation of leucaenaresidue in soils resulted in either no or slight change in mineral N in the soil
during 30 DI regardless of kind of soil. The mineralization and immobilization if occurred either ended
after 90 DI or continued to morethan 120 DI depending on kind of soil. I ncorporation of fababean stubble
or maize stubble in soils mostly resulted in immobilization of N in the soils during the early stages of
incubation time and thereafter it either continued up to 120 DI or stopped depending on kind of soil. Both
in case of immobilization and mineralization, they mostly increased with soil moisture content up to 100
% FC. For sesbaniaresidue, most suitable soil moisturelevelsfor maximizing N mineralization were 100
% FC intheloamy sand and loam soilsand 75 % FC in the clay soil whereas those for leucaenaresidue
were 75 % FC in the loamy sand and clay soils and 100 % FC in the loam soil. In case of incorporation
with fababean or maize stubble, N immobilization could be limited by limiting soil moisture content
regardless of soil texture. However, after some specific times of incubation, increases in soil moisture
content enhanced N mineralization in the loamy sand and loam soils.
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INTRODUCTION

Transformation rates of the N in organic
residues incorporated in soil are influenced by
several interrelated environmental factors, among
which is soil moisture content. Stanford and
Enstein (1974) stated that soil moisture was of
central importanceinthesoil ecosystemgoverning
thelevel of microbial activity and hence resulting
in the rate and pathway of transformation of N in
organic residues. Moisture status hasinfluenceon
the rate and time course of organic N
transformation, because moisture stress inhibits
the microbial growth. The inactivity of
microorganisms in dry soils, and the decline in
sizes and activities of decomposer community by
the lethal action of moisture stress will have a
retarding effect ontheprocessof N mineralization
(Haynes, 1986).

The microbial activity is affected by soil
moisture stress by limiting movement of
microorganisms and transport of nutrients in the
soil solutionsunder drought conditions, and by the
buildup of oxygen deficiency in water logged
conditions (Alexander, 1977). Less N is
immobilized when plant residuesdecomposeunder
anaerobic conditions, because decomposition is
slower under such condition (Jenkinson, 1981). It
wasalso reported by Van Gestel et al. (1993) that
moisture stress caused death of a portion of the
community of soil microorganisms.

Different groups of microorganism are
affected differently by different soil moisture
conditions. It was reported by Linn and Doran
(1984) that the activity of autotrophic bacteria
increased with soil water content until apoint was
reached where water displaced air and restricted
thediffusionand availability of oxygen, while, the
mineralization and immobilization of N was
performed by the heterotrophic soil organisms at
moderate to excessively high moisture contents.
Most of the investigations made on soil moisture
content inrelationto microbial activitieshad been

short-term laboratory incubations. However,
Stanford and Smith (1972) reported that only a
small proportion of the potentially mineralizable
N wasrel eased during short-termincubations. The
N mineralization-timecurvesobtained duringlong-
termincubationscan providearational or consistent
basis for estimating N supplying capacities of
soils.

Much of the literature on the relationship
between the optimum soil moisture content and N
mineralization rates seems to be inconclusive.
Alexander (1977) reported that the optimum soil
moisturefor organic residue decompositionand N
mineralization in soil ranged from 50 to 75 % of
the water holding capacity of the soil. According
to Scott and Martin (1989) it fell between 50 to 90
% of thefield capacity. In addition, Bradford and
Hung (1994) al so suggested that the optimum soil
moisture content for N mineralization wasat field
capacity. Likewise, Stanford and Epstein (1974)
described that therate of mineralization of N from
soil organic matter generally increased with
increasing moisture content between permanent
wilting point and field capacity. These published
works lack consistency to be extrapolated for
different agricultural soils. The inconsistency is
presumably dueto variation in texture of the soils
used since texture is an important factor which
determineswater storagecapacity and soil aeration.

Understanding of the quantitative
rel ati onshipsbetween soil moisture content and N
mineralization ratein soilswith different textures
isessentia asabasisfor controlling the amounts
of mineral N released to crops under specific soil
moisturecontent. Therefore, itisvery important to
investigatetheoptimummoisturelevel for different
soil textures at which N mineralization will be
maximum. The objectivesof thestudy were: 1) to
find optimum soil moisture level for maximum N
mineralizationor minimumimmobilizationinsoils
with different texturesand 2) to examinetheeffect
of moisture contentsof soil with different textures
on time course of N mineralization and
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immobilization of different plant residues.
MATERIALS AND METHODS

Experimental design

A laboratory incubation experiment was
carried out in a completely randomized design
witha3x 3x4x 6treatmentsandthreereplications.
The experimental treatments were factorial
combinations of four factor: (1) three moisture
levels [50, 75 and 100 % field capacity moisture
contents (FC)] on weight basis; (2) three soil
textures (loamy sand, loam and clay soil); (3) four
residue types (control, leucaena, sesbania, faba
bean and maize stubble); and (4) six incubation
periods (0, 15, 30, 60, 90 and 120 days).

Soil sample collection and prepar ation

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 werecollectedfromfarmers' fieldsinDengego
areaof eastern Ethiopia, theloamsoil fromMekele
Agricultural Research station of northern Ethiopia
and the clay soil from Nekemte farmers’ fields of
western Ethiopia. The soil sampleswereair-dried
and gently crushed to passthrough a2-mm sieve.
All the visible organic residues were removed by
hand after sieving and then each soil wasthoroughly
mixed and stored at room temperaturein moisture
proof containers.

Properties of the soil used

Particle size distribution of the soil was
determined by thehydrometer method (Bouyoucus,
1951), the upper limits of the available moisture
holding capacities and the permanent wilting
moisture contents of the soil 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 IM-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 NH4* and NO3-
-N by steam distillation (Keeney and Nelson,
1982). All soil analyses were conducted on
duplicate samples. The results are shown in
Table 1.

Plant material preparation and analysis

Four locally availablecropresidues, namely
topsof leucaena(Leucaenaleucocephala), topsof
sesbania (Sesbania sesban) and stubbles of faba
bean (Vicia faba L.) and stubbles of maize (Zea
mays L.) were collected from research centers.
The maize stubble was 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
carbonusingthedry ashing method (Amato, 1983)
and total N by the micro-Kjeldahl procedure
(Bremner and Mulvaney, 1982). Extractions of
chemical constituent (cellulose, lignin and
polyphenol) of plant material were performed
following the method developed by Van Soest
(1963) and Van Soest and Wine (1967). All plant
analyseswereal so conducted onduplicatesamples
(Table 2).

Incubation

The incubation was carried out in 180 ml
plastic containers. Thesoil sampleswereamended
with desired plant residues at arate of 125mg dry
plant material per 50g soil (equivalent to5tha1).
The soil and residues were thoroughly mixed and
adjusted to 50, 75 and 100 % F.C with deionised
water. Each of the incubation bottle was closed
with aluminium foil on which three holes were
made with a pin to allow gaseous exchange with
the atmosphere. Then the treated soil samples
wereincubated in laboratory at room temperature
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Tablel Some physical and chemical characteristics of the soil used.

Soil texture Loamy sand Loam Clay
Properties
Field capacity moisture (%, w/w) 5.0 22.3 40.2
Permanent wilting point moisture (%) 27 10.5 25.6
Sand (%) 84.0 46.0 22.0
Silt (%) 8.0 32.0 38.0
Clay (%) 8.0 22.0 40.0
pH inwater (1:2.5, soil : water) 1.7 7.7 5.0
OM (%) 13 2.3 5.3
Tota N (%) 0.08 0.11 0.29
NHz" -N (mg kg soil) 37 5.0 7.3
NO3 -N (mg kg soil) 4.1 7.9 5.7
CEC [cmol.(+) kg1 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 11.7 7.4 10.6 9.8 18.2
Seshania 45.0 4.9 9.1 4.0 16 129 13.9
Faba bean 45.0 17 26.8 115 11.0 44.9 10.8
Maize stubble 46.0 12 39.3 4.8 36.4 42.0 7.6

(19 to 23°C) for required periods. To prevent the
devel opment of anaerobiccondition, theincubation
bottles were aerated every 5-day intervalsfor 15-
20 minutes throughout the incubation period. At
eachinterval, thelossesinweight of theincubation
bottles were 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 (NH4* and NO 3-N)
immediately after mixing thesoil and plant residues.
At the end of each of the specified incubation
period, theincubati on bottleswerere-randomized.

Analysis of extractable mineral N in the
incubated samples

Extractablemineral N (NH4* +NO3 -N)in
the soil was determined after the specified
incubation period. Onehundred ml of 2NKCl was
added to eachincubated bottle (2:1 K Cl solutionto
soil ratio) and the incubation bottles were then
shaken for 1 hr on a reciprocal shaker. After
shaking, the suspensionwasallowed to settle until
thesupernatant liqui d wasclear and the supernatant
wasthenfiltered usingWhatmanno.42filter paper.
The filtrate was kept in refrigerator in air-tight
bottleat-2°C. Analiquot of 30 ml extract wasused
for the determination of NH4"-N by steam
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distillation in the presence of MgO and
subsequently NO3™-N was determined by adding
Devarda saloy (Keeney and Nelson, 1982). The
distillatewascollected in 2 % boric acid-indicator
solution. Theamount of NH,* and NO3™-N inthe
distillate was quantified by titration with 0.01 N
HCI.

Calculation of A mineral N

AMinera N wascalculated asthedifference
in the amount of extractable mineral N between
thesoil amended with plant residueandthecontrol,
for each incubation time. A positive value of A
mineral N thus would indicate N mineralization
whereas a negative one would indicate N
immobilizationduetotheplant residueapplication.

Theoretical background for estimation of
miner alized/immobilized N

During the aerobic incubation of a soil
addedwith plantresiduewith C: N ratiolower than
the critical ratio, some of N in the plant residue
would be mineralized to NH4*-N which finally
wasconvertedtoNO3™. Thiswouldresultinhigher
NO3™ content in the soil added with the plant
material thaninthesoil incubated without addition
of the plant residue. Since some of theNO3™-N in
the soil might be denitrified and transformed into
gaseousformsand then lost from the soil, withthe
amount of N lost being increased with increased
amount of NOs™-N present. Theamount of N lost
ingaseousformsfromsoil withadded plant residue
would belarger than that from soil without added
plant residue. Accordingly, theapparent difference
in the A mineral N between the soil with plant
residue addition and the soil without plant residue
addition would be smaller than that should have
been if there was no loss of N by gaseous forms
from both soils. In other words the estimate from
thedifferenceinthetotal mineral N (i.e., Amineral
N) would be an underestimated mineralization. If
asoil wasaddedwithaplant residuewith C/N ratio
higher than the critical ratio and aerobically

incubated, some of themineral N, including NOg™
-N, originally present in the soil would be
transformed to organic forms, resulting in smaller
amount of NO3™-N inthe soil than the soil without
plant residue addition. This would in turn render
smaller gaseouslossof NO3™-N from the soil with
plant residueadditionthanthat fromthesoil without
plant residue addition. Accordingly, the apparent
immobilization would be smaller than that should
beif therewasnoloss of N by gaseousform from
both of the soils. In other words, basing on the
afore-going theoretical background, net N
mineralization or net N immobilization obtained
from comparison between total mineral N of the
treatment with plant residue addition and that of
control (treatment without plant residue addition)
wouldensurethat mineralizationorimmobilization
occurred. These net mineralization or net
immobilization would be referred to hereafter as
mineralization or immobilization.

RESULTSAND DISCUSSION

Statistical analysis

Analysis of variances of the effect of the
factor under study on A mineral N wascarried out.
Allindividual factorsaloneandall of their possible
combinations showed significant effects at the 99
% confidence level.

Seshania residue

The amounts of mineralized N (A mineral
N) in different soils during the incubation with
sesbania residue under different soil moisture
contents are shown in Figure 1. In all of the soils,
therateof N mineralization mostly decreased with
theincreasein timeof incubation. Compared with
other plant materials, the addition of sesbania
residue to al soils at al moisture treatments
contributed moreto the accumulation of available
N. This might be due to the N-rich nature of the
residue that resulted in readily release of
mineralized N into the soils. The results were in
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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 sesbania residue as affected by soil type and soil moisture

content.

agreement with that of Palm et al. (2001) who
concluded that residues with smaller C:N ratios
were likely to decompose more rapidly with net
mineralization of N occurring right from the
beginning. In the loamy sand and loam soils N
mineralization mostly increased with increase in
soil moisture contents up to the highest moisture
content investigated. Therefore, moisture content
at 100 % FC was most suitable in enhancing
mineralization of N from the decomposition of
this plant residue in the cases of loamy sand and
loamsoils. Thisresult wasasupported by Bradford
and Hung (1994) who concluded that the optimum
soil moisture content for N mineralization was at
field capacity. In the clay soil, N mineralization
generally increased with increasein soil moisture
content up to 75 % FC. At 100 % FC, N
mineralization wasmostly lower than that at 75 %
FC. Moisture at 75 % FC was, therefore, best in
enhancing mineralization of N from the
decomposition of thisresidue in case of the clay
soil. These results indicated that when the soil
moisture content was raised up to 100 % FC,
aeration of the soil was too poor for the aerobic
microorganisms that were responsible for N
mineralization. Thiswassupported by theresult of
Michael and Munns (1996) who concluded that

clay soils, unlessthey are well managed, could be
nearly saturated at field capacity.

Leucaenaresidue

The amounts of mineralized N (A mineral
N) indifferent soil safter theincubation of |eucaena
residue under different soil moisture contents are
shown in Figure 2. In the loamy sand soil, N
immobilization at mostly constant low rate was
observed throughout theincubation period, except
in case of 75 % FC moisture content after 60 DI
(Figure 2a). In the loam and clay soils, N
mineralization at mostly constant low rates was
observed throughout theincubation period, except
in case of the loam soil at 100 % FC after 30 DI
(Figures2band 2c). Effectsof soil moisturecontent
ontheamount of mineral N mostly increased with
increase in finesse of soil texture, except in some
cases in the loamy sand and loam sails.

Thelower rates of release of minera N, as
compared to that at the higher moisture contents,
inall soilsincubated at the lowest moisturelevels
might be due to the decreased activities of
microorganisms by low moisture contents. This
result wasinagreement withthat of Haynes(1986)
which described that the decline in sizes and
activities of decomposer community by the lethal
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action of moisture stress had aretarding effect on
the process of decomposition. On the other hand,
decreasesinrelease of mineral N withtheincrease
in the moisture content from 75 to 100 % FC in
case of loamy sand soil during 0-30 DI and clay
soil, might be due to the excess moisture that
restricted the activities of the aerobic
microorganisms by preventing the movement of
oxygen in sufficient quantity within the soil and
caused denitrification. Thiswas supported by the
results of Aulakh et al. (1991) which described
that denitrification occurred in soil microsites as
longastherewerewater-saturated aggregateslarge
enough to restrict the diffusion of oxygen to the
zone of denitrification potential. In case of loamy
sand and clay soils, 75 % FC was, therefore, most
suitable in enhancing mineralization of N from
decomposition of this residue. These results
indicatedthat at 75 % FC, the soil moisturecontent
and theaerationwere closeto optimum conditions
forthemicrobial activity. Thepresent resultswere
in agreement with Miller and Johnson (1964) who
concluded that maximum rate of mineralization
occurred at water content at which soil aeration
remained none limiting. Alexander (1977) aso
describedthat theoptimum soil moisturefor organic
residue decomposition and N mineralization in
soil ranged from 50 % and 75 % FC. In the loam

soil, the highest amount of N mineralization was
observed at 100 % FC after 30 DI. Moistureat 100
% FC was, therefore, most suitable in enhancing
mineralization of N from decomposition of this
plant residue in case of the loam soil. This result
indicated that whenthemoi sture content increased
up to 100 % FC, aeration of the loam soil was
optimum for microbial activities that needed less
N than that at lower or higher moisture contents.

Stubble of faba bean and stubble of maize
Theamountsof immobilized N (negativeA
mineral N) obtained in different soils during
incubation with the stubbles of faba bean and
maizeunder different moisturecontentsareshown
in Figures 3 and 4. Very similar behaviors were
observed from application with faba bean and
mai ze stubbles of which C/N ratios were higher
than the critical level indicated by Murthy (1990)
who described that if the plant residues entering
the soil had the C:N ratios greater than 25:1,
nitrogen would be taken up from the mineral N
pool or degradation would be slowed down. Inthe
|loamy sand soil, constant ratesof N immobilization
were mostly observed during 90 DI (Figures 3a
and4a). Intheloamandclay soils, Nimmobilization
at the rates decreased with increase in incubation
time were mostly observed, except in case of the
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loam soil at 75 % FC inwhich N mineralization at
theratedecreased withincreaseinincubationtime
was observed from either 30 or 60 DI onwards
(Figures 3b and 4b). The immobilization and
mineralizationweremostly enhanced by increased
soil moisture content up to the highest moisture
content, .i.e. 100 % FC.

In al soils incubated with both of plant
materials, the lowest amount of N immobilization
was mostly observed at 50 % FC. This might be

caused by the too low soil moisture content that
suppressed the growth of microorganisms. This
wassupported by theresult of Parkin (1987) which
described that bacterial proliferation wasretarded
by an insufficiency of water. In the loam soil, the
highest rate of N mineralization was obtained at
100 % FC with both of stubbles from 30 DI
onwards. This indicated that increases in the
moisture content did not limit the movement and
concentration of oxygen in the soil. The results
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might be attributed to the texture of the soil that
created a favorable relationship between the air
space and the moisture holding capacity of the
soil. Thisresult wasin agreement with Smith and
Arah (1990) who described that the best balance of
water retention plus adequate air and water
movementswereinmediumtextured soils, suchas
loams. Moisture content at 50 % FC was best in
minimizing N immobilization from the
decomposition of thesestubblesin soils. However,
this moisture content istoo low to sustain normal
plant growth, becauseinmost soilsoptimumgrowth
of plant takes place when the soil moisture content
does not approach the permanent wilting point.
Therefore, the results obtained at 50 % FC could
not lead to further recommendations.

CONCLUSION

1. Incorporation of seshania residue in
soils resulted in N mineralization with the rates
decreasing with increase in time of incubation.
Throughout 120 DI, N mineralization increased
withincreasein soil moisture content up to 100 %
FCincaseof theloamy sand soil butupto 75%FC
in case of the clay soil. In case of theloam soil, N
mineralization was not affected by soil moisture
contentduring 30 DI butincreasedwithincreasein
soil moisture content up to 100 % FC after 30 DI.

2. Incorporation of leucaena residue in
soils resulted in either no or dlight change in
mineral N in the soil during 30 DI regardless of
kind of soil. Themineralizationandimmobilization
if occurred might end after 90 DI or continued to
more than 120 DI depending on kind of sail.

3. Incorporation of faba bean or maize
stubblesin soilsmostly resulted inimmobilization
of Ninthesoilsduringtheearly stagesof incubation
timeandthereafter it either continued up to 120 DI
or stopped depending onkind of soil. In both cases
of immabilizationand mineralization, they mostly
increased with soil moisture content up to 100 %
FC.

4. For seshaniaresidue, most suitable soil
moisture levels for maximizing N mineralization
were 100 % FC in the loamy sand and loam soils
and 75 % FC in the clay soil whereas those for
|leucaenaresidue were 75 % FC in the loamy sand
and clay soilsand 100 % FC in the loam soil.

5. Incaseof incorporation with fababean
or maize stubbles, N immobilization could be
limited by limiting soil moisturecontent regardless
of soil texture. However, after somespecifictimes
of incubation, increases in soil moisture content
enhanced N mineralization in theloamy sand and
|oam soils.
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