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ABSTRACT

The decomposition and nitrogen release of Senna

siamea green manure was studied under glasshouse and field
conditions. The effects of soiltwo types,

three
parameters, namely residual dry matter, organic carbon and
total nitrogen. These parameters were measured at the 1st,

and incubation in themanure
glasshouse while in the field, measurements were made at

week.

The glasshouse study revealed that there was no
significant (p=0.05) difference between the decomposition

incm depth, Rhodustult (soil 1) and10rates, at a
Dystropept (soil 2) as indicated by the three parameters.
The manure decomposed faster at a lower application rate
(60 kg manure-N/ha) than at a higher rate (150 kg manure-
N/ha) . Under field conditions, buried manure decomposed
faster in soil 2 than in soil 1 while for the surface-
placed manure the opposite was observed. In soil 1, where

appreciable,termite activity the surface-appliedwas
manure decomposed faster than the buried material while in

the decomposition rate was faster for the buriedsoil 2
manure.

3 rd

6 th

6ch 9 th

the 3rd

12th

and 9ch

application rates and two methods of manure placement on
two manure

week of

the decomposition rate were monitored by use of
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The trends of manure decomposition were similar under

the two incubation conditions but the decomposition rate
after the third week was significantly higher in the field
than in the glasshouse.

the glasshouse, the decomposition rate of green manure was
not affected by the soil types used. But the decomposition

of placement in field.the mode the Therefore these
varied with soil type, manure application rate as well as

made with respect to nutrient release from this manure.
factors should be considered when conclusions are to be

The results of the present study indicated that in
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1
CHAPTER ONE

1.0 INTRODUCTION

1.1 General
The use of mineral fertilizers to improve soil fertility
has received the main emphasis in developing countries in

This has donebeenrecent attempt toyears. as an
efficiently produce food as well as cash crops in order to

foreignincreasing demand food andthe formeet earn
exchange. The attempt has worked in the case of

farmers whothe large scale
In Tanzania, forwhose prices are very high at present.

is presently selling at Tshs.
who constitute about50 kg bag. The small scale farmers,

75% of the farming population in these countries, have
is only because of theThisbeen disadvantaged. not

prohibitive fertilizer prices but also because of the
frequent unavailability of the fertilizers at the village
markets at the time the farmers need them. Moreover due to
the high population growth rate in these countries land

that is, larger farms being fragmented intosubdivision,
is on the increase. These farms are croppedsmall ones,

with little being doneafter toseason veryseason
maintain and/or improve their fertility and good physical
conditions.

7 000.00 per

can afford such materials,

example, urea
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The above-mentioned constraints have necessitated or, more
emphatically, dictated a change in outlook with respect to
the of plant nutrients soilforsource
improvement good physicaland maintenancethe ofto
conditions in the small scale farming systems. The supply

especiallynutrientthe nitrogen (N) isof element
important because it is a major limiting factor in most

nutrientsoils in the tropics. the essentialAmong
is in therequired by plantselements, greatestN

quantities (Alexander, 1977).

there is need to encourage farmingIn this regard,
which will make use of locally available organicsystems

insupplementeither toN casessomeorsources,
substitute for the use of inorganic fertilizers. One such

Green manuring has asystem is the use of green manures.
potential for maintaining high soil productivity and has
proved successful in different farming systems. In alley

for example, prunings from leguminouscropping systems,
woody perennials such as Leucaena leucocephala have great

for plant growth (Oglesby andsupply Npotential to
1992). Field experiments carried out in southernFownes,

(1985)al. have shown that underNigeria by Kang et
intensive pruning (five prunings per year) for six years,
Leucaena hedgerows in alley cropping continued to produce
substantial amounts of pruning and nitrogen yields. Ten
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tons of such prunings, dug into the soil at the time of
maize seeding, increased grain yields from 1.3 to 3.1 tons
per hectare (Rocheleau et al., 1988). This was equivalent
to applying 100 kg of N fertilizer per hectare.

cropping systems Africahas been documented in East
This(Rocheleau al. , 1993) .1988;et Omoro

thearid climates. comparative study betweenIn a
performance of Senna siamea and Leuceana leucocephala as

(1993)hedgerow species for alley cropping, Jama-Adan
indicated that Senna siamea was a better species for alley
cropping under semi-arid conditions at the International
Centre for Research in Agroforestry (ICRAF)research centre
in Machakos, Kenya. He found that maize grain yields were
higher when alley-cropped with Senna than with Leuceana.

At the Kazabona experimental station in Central Togo,
sepiumGliricidiaand formed goodsiameaSenna a

combination for mulch and green manure production. This
in terms of absolute amounts of nutrients and patternswas

of their release (Lehmann et al., 1995).

source of N in alleyThe use of Senna siamea as a

evergreen tree species grows in humid, sub-humid, dry and
and Nair,
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1.2 Problem analysis

The potential nutrient contribution of green manure

available to a growing crop at the time the nutrients are
most needed. This becomes critical when the nutrients made
available during the decomposition of such manures added

that is to haveto achieve the above mentioned synchrony,
the N being released at the time it is most needed by the

there is need to know not only the nitrogen contentcrop,
plant material but also the

decomposition undernitrogen release patterns aupon
particular set of environmental and crop-soil management

Yamoah al.,(Wilson and Hargrove, 1986;conditions et
the patterns should be established for1986) . Moreover,

devisein be ableordersoil to todifferent types
effective strategies to achieve good management of green
manure N. This may be undertaken using laboratory studies

information,reliable results fromobtainbut to more

much has been done in this direction.

specific green manure

plants is important in so far as the nutrients are made

laboratory studies should be confirmed in the field. Not

of a

that is when inorganic fertilizers are not used. In order
to soil is the only source of nutrients for the crops,
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The focused Sennaon

siamea, and carried followingwith theoutwere
obj ectives:

To determine the rate of decomposition and extent of1.
release underof siameaN Senna green manure

different soil types,
methods of application.

decompositionthe of of Senna2 . To ratescompare
siamea under laboratory and field conditions.

To determine the microbial population changes in the3 .
of the decomposition process in the differentcourse

soils and to relate these changes to the patterns of
manure decomposition.

To explore/speculate the extent to which soil type4 .

manure application in the field.
can be a factor in determining the timing of green

studies reported herein were

manure application rates and
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CHAPTER TWO

2.0 LITERATURE REVIEW

The potential of green manure in supplying the plant2.1
nutrient Nitrogen

When highfresh plant materials containing
amounts of N are incorporated into the soil or are left on
the soil surface, they decompose and serve as a source of
nutrients, mainly N, for subsequent crops. Legume green

especially important in this respect due to
the nitrogen (N2) fixing capacity of the legume plants and
their comparatively high N concentrations in their shoots.

can fix between(Medicago sativa) , for example,Alfalfa
and 250 kg N/ha/year (Brady, 1984) .150

The importance of green manures in supplying N has
demonstrated in different cropping systems. Inbeen a

in Maseno Research

Leuceana leucocephala produced 13 603 and 16 659 kg of dry
matter/ha/year, equivalent to 643 and 448 kg N/ha/year,
respectively (Onim et al., 1990). These were cumulative
values for six prunings done every two months at a height

(1992)al. reported thatRosecrance et maize yields

manures are

In a later study at Hawaii,of 60 cm above the ground.

green manure experiment carried out
Station in western Kenya, Sesbania sesban var nubica and
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responded linearly to N applied as green manure from nine
types of leguminous manures, among which Senna siamea was

(one every croppingincluded. successive additionsTwo
season) of prunings from these trees were able to support
maize grain yields at about 1 800 kg/ha during those two
cropping seasons while control plot yields averaged less
than 600 kg/ha (Rosecrance et al., 1992).

usedSesbaniafield trials whereOther spp was
indicated that green manures could substitute N fertilizer
to the extent of 50 to 100 kg N per hectare depending on

of the plant at
Palm al.1989).(Singh and etMoreover,Brat,manure

(1985)(1989), Prabharkar and Nair (1989) and Kang et al.

and maizein rice,demonstrated similar results cassava
abovequotedrespectively. The examplesproduction,

demonstrate the great potential of green manures to supply
This potentialespecially N.elements,plant nutrient

particularly by the low-should be taken advantage of,
makewhosefarmersscaleinput small meagre resources

There is notinorganic fertilizers unaffordable to them.
much work that has been done in East Africa using Senna

Therefore, this review addressessiamea in this respect.
green manures in general, hoping that the trends exhibited
by other manures would be similar to those shown by Senna

siamea.

the age the time it was used as green
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2.2 Influence of green manures on soil properties

Together with their important role in supplying the
nutrient particularly N,elements, havemanuresgreen

chemicalbeneficial effects soil physical andon
properties. influence microbiologicalThey also the
properties.

Green manures help in improving soil organic matter
levels (Kang et al., 1985) . The beneficial effect on soil

action ofphysical properties is in part thedue to
in binding soil particles into

leading to an improvement in soil structureaggregates,
of pore sizes (Dalland et al.,with balanced distribution

have pointed out that good(1986)Yamoah et al.1993) .
physical properties may at times be more important than

the nutrients released by thethe supply of nutrients;
may become useless if physical conditions do notmanures

favour proper root development to take up the nutrients.

The effect of enhanced organic matter levels on soil
also been documented (Brady,properties haschemical

alley cropping system,1984) . of LeucaenaIn usean
prunings resulted in higher amounts of organic matter,

balancedexchangeable K, Ca, Mg,
nutrient supply, slow release of nutrients, protection of
nutrients from leaching and an increased buffering effect

"gum"

and also resulted in a

organic matter as
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against soil acidity (Dalland et al., 1993) .

The decomposition of twoservesgreen manure
functions for microorganisms, namely provision of energy
for growth and supplying carbon for formation of new
cells. As already indicated, green manuring has been shown
to increase the amount of organic matter in the soil. The
amount, type and availability of organic matter determine
the size and composition of the heterotrophic microbial

soil will contain. The of thecommunity that naturea
flora will vary with the chemical composition of the added
substrate (Alexander, 1977).

Factors affecting the decomposition of plant residues2.3
and their nutrient release.

organic materialssuitability ofThe as manures
theirrapidity ofthedepends extentgreatto ona

nutrientsliberating the theyofdecomposition, hence
(1985), in whichal. theWork bycontain. Azam et

transformations in soil and availability to plants of
applied as inorganic fertilizer legume residuesor was

immediate
doubtful. ofThe ratesource

decomposition and nutrient release is dependent on soil,
substrate, management, as well as environmental factors.

15N

were completely mineralized their value as an
studied, led to the conclusion that until legume residues

of plant available N was
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Soil factors2.3.1
Factors influencing microbial growth modify the

rate at which crop residues added to soil are transformed.
soil soilfactors such aeration, soilHence pH,as

temperature and moisture content are very important in the
decomposition process (Adams et al., 1989; Alexander,
1977). These factors are influenced by soil structure as

which vary with soil type.well as texture,

Investigations with isotope-labelled substrates have
less-extensive decomposition and higherdemonstrated

proportions of isotope in organic residues accumulating in
soilsin high-clay soils in ofthanbiomassmicrobial

lighter texture (Sorensen, 1975; Ladd et al., 1992). Work
in which the decomposition of wheat and legume straw were

higher claysoilsindicated that ofstudied contents
retained higher proportions of added wheat and legume
in organic residues (Amato et al., 1987) . In another study

total residual organicby Amato and Ladd (1992),
Medicago littoralis decomposition was found to be directly

(1985)Similarly Christensen found that thesoil pH.
overall N dynamics of maize and wheat straw decomposing

significantly influenced by
sandy loam soil (14% clay),soil type. both straw

14C

14C from

In a

correlated with clay content and related properties, such
as CEC and total soil pore space, of neutral to alkaline

under field conditions was
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showed immobilization whichof begantypes net N
immediately after straw incorporation, followed by a net

straw N occurred during the first month after
burial followed by a slow rate of N immobilization and to
a less extent than in the sandy loam soil.

According to Sorensen (1975), clay influences the
decomposition process up to a certain stage. He found that
the rate of decay of amino acid metabolites, synthesized
in seven different soils containing silt + clay in amounts
varying from 8 to 15%, was higher in soils containing low

in initial ofsilt theclayof stagesamounts +

decomposition. However the rate of decay was independent
clay content in the later stages.of the

Jenkinson (1977) found that the rate of decomposition
labelled ryegrass tops in soils containing differentof

amounts of organic matter was not significantly different.
He concluded that the retention of added plant C in the
soils was not significantly influenced by factors such as
the CEC, water holding capacity, structural stability, or

all of
which depend greatly on the amount of organic matter in
soil. Unlike organic matter, the clay content of the soils

significant influencefound have theto awas on

P or S,amounts of potentially mineralizable N,

loss of
a coarse sand (3% clay), a smallN release. However, in
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decomposition rate. The ryegrass decomposed faster in a
sandy soil with 7.6% clay than in a comparable soil with
17.5% clay.

these studies it is the clayFrom thatapparent
fraction of the soil plays inrole thegreata
decomposition of organic residues added soil. Theto
reduced rate of decay of these materials in the presence
of clay is assumed to be a result of adsorption of organic
material between layers in expanding clays, or adsorption

the surface of silt and clay particles, or aggregateon
formation of some kind between cells or cell fragments and
clay material. Such interaction might render the organic

decompositionaccessible bymaterial less to
1965a,b). Earlier studies bymicroorganisms (Greenland,

(1971) and Zunizo et al. (1982) on theBondietti et al.

microbial activity and organicclaysinfluence of on
decomposition showed that clays increased theresidue

microbial growth rate but reduced the total loss of C by
efficiency utilizationof bythe theincreasing C

microbes. Clays also complexed the decomposition products
and humic substances, thereby reducing their availability

The presence of clays may also affectto microbes. the
availability of various N compounds to the microorganisms

ammonium strongly adsorbing organicfixing andby N
compounds. Moreover, the sand, silt and clay particles may
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probably physically impede microbial movement to nutrient
sources in soil, thereby serving as mechanical barriers to
the between the particulate and thesubstratecontact
potentially active microbial extracellularcell

(Ou and Alexander, 1974).enzymes

The activity of soil fauna is believed to be a major
factor contributing to the maintenance of soil physical
and chemical properties (Okwalol, 1993). The feeding and

activities animals affects theburrowing of these
decomposition of organic matter, and alters soil physical

Biological turnoverstructure and soil water relations.
and nutrient release from residues is greatly influenced

Anderson andby soil fauna 1991;

Ingram, 1989). These organisms fragment the residues thus
enhancing microbial activity. Soil fauna also digest plant

interaction withsymbioticthroughresidues gut
microorganisms (Edwards and Fletcher,
the effect of earthworms and millipedes on the breakdown
of plant residues under humid tropical conditions revealed
that earthworms and millipedes on the average accounted
for the breakdown of plant residues by 10.4 and 28.4%,

1995). Wood (1976) as cited byrespectively (Tian et al.,

considerable quantitiestermites of freshconsumecan
it is colonized by saprophyticplant materials before

(1992) pointed out that in savanna regionsGotz et al.

1988) . A study on

or its

(Scheu and Wolters,
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microorganisms. This reduces the role of microbes in the
early stages (1993)of decomposition. Nandwa al.et
reported that termite activity was one of the reasons for
the different decomposition rates during theobtained
decomposition of maize sites.differenttwo

dominance inthe the soil theof faunaMoreover,
decomposition process could explain why there was a rapid
release of N and P from a decomposing plant residue mulch

though the C:N ratio of 20even
releasenormally necessary P

during microbial decomposition, had not been reached (Gotz

2.3.2 Substrate factors
chemicalparticularlyquality, theSubstrate

important factor in determining theiscomposition, an
1992) . chemical(Tian al. , Thedecomposition rate et

composition differs between plant species, plant parts and
plants at different stages of maturity. Therefore they
have different decomposition rates when exposed to similar

(1987) observed that the tops ofconditions. Amato et al.

(Medicago littoralis and Tri foliumlegumespasture
incorporated into topsoil decomposedsubterraneum) more

especially soon after
incorporation. Lekasi et al. (1993) reported that soil­
incorporated maize stover decomposed significantly faster

extensively than did wheat straw,

et al., 1992).

for net N and
and C:P ratio of 200,

which are

stover at
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than incorporated roots, suggesting that the regulation of
decomposition by the soil microclimate interacted with the
chemical material.characteristics litterof the

(1993) demonstratedSimilarly, Constantinides and Fownes
that twigsthe of reduced short-term netpresence
mineralization and release of available N from decomposing

twigsAccording their study,to maygreen manures.
duringhigher releasedimmobilize of Namounts

This could explain themineralization of leaf nitrogen.
mineralization andnitrogenofcomplex patterns

mixtures in a study byin leaf and twigimmobilization
general, the(1992) .and NOglesby InFownes

lignin polyphenolratio, the andconcentration, C:N
contents are the recognized plant factors controlling the
decomposition and N mineralization rate of plant materials

1960; Frankenberger and Abdulmagid,Iratani and Arnold,
1985) .

Palm and Sanchez (1991) and Oglesby and Fownes (1992)
confirmed that the best chemical index of N release from

tropical legumes was controlled more by polyphenolssome
than by lignin or N content. The mechanism to explain the
low rate of nutrient mineralization in materials high in

include the formationpolyphenols of stable polymers

added to soil (Haynes, 1986 as cited by Fox et al., 1990;

between polyphenolics and amino groups, and nitrosation,
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the chemical reaction of nitrites with polyphenolics.

2.3.3 Management factors
The manner in which plant residues are managed

will also determine their decomposition andofrate
nitrogen release. The plant residue particle size appears
to be an important factor in the decomposition rate when

the soil. Scheu and Wolters
(1984) and Sims and Frederick (1970)(1991), Amato et al.

facilitatedfragmentation residuessuggested that of
hence small particles may decomposemicrobial attack;

faster than larger ones. According to Jensen
effect of particle size on decomposition is dependent on

the stage ofthe as
residues,decomposition of plantdecomposition. The

and of matabolites formed during themicrobial biomass
early decomposition stages of materials of low C:N ratios
is slower with small than with coarse residues, probably
due to the better protection, from microbial attack, of

and biomass by clay minerals. During theresiduesthe
initial stages of decomposition of high C:N residues the

larger-sized residues limited,decomposition of
overall of decomposition as

compared to that of smaller-sized residues.

such residues are added to

may be

C:N ratio of

slow rateresulting in an

the residue as well

(1994), the
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The method of placement in the also an
important factor to consider in green manure management.

that might require soilUnder environmental conditions
erosion moisturecontrol and improvement of soil
retention, green manure may be applied as a surface mulch.

greater in thisloss through volatilization is
case than when the green manure is incorporated into the

improvement by the manure may be greatly reduced by the
(1989)

have demonstrated that N recovery by crops is often higher
is incorporated than when retained on

the soil surface. These findings suggest that optimum use
of green manure residues may require a compromise between

surface cover and maximizing soil fertilityretaining a
improvement. To reach such a compromise there is need to

the pattern and rate of nitrogen
release from both surface- applied and soil-incorporated
green manures under a given set of environmental and soil
conditions. Several workers (Cogle et al. 1987; Lehmann et

Msumali et al.1993;al.
showed that residues applied on theMugendi et al. 1993)

slowerdecomposed thansoil thosesurface at ratea
incorporated into the soil. This was due to the greater
positional availability of the residue carbon and nitrogen
to soil organisms in the incorporated material.

However N2

when green manure

have the knowledge on

soil (Janzen and McGinn, 1991). Therefore, soil fertility

1993 and

surface placement. Investigations by Varco et al.

1995; Lekasi et al.

field is
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Other workers (Puig-Gimenz and Chase, 1984), found

that the of wheat decompositionrate variedstraw
inversely with the amounts applied while Ishuza (1987)
reported that the of available in soiltheamount N
decreased with increasing rates of straw applied. Not much
information is available on the effect of green manure
application rate on their decomposition rate and patterns
of nutrient release but a recent study suggests that the
rate of decomposition varies with the manure application
rate (Wangari, 1995).

Environmental factors2.3.4
Decomposition rates are affected by climatic factors,

rainfall.and (1987)namely temperature al.Amato et
observed that the

soil-incubated legume declined byorganic in tops
0.38% during the first four weeks of incubation. However,
the magnitude of the rainfall effect decreased with

Previousdecomposition period. work by Jenkinson and
Ayanaba (1977) indicated that mean annual air temperature
was of greater importance than moisture in controlling the
extent of decomposition of added plant materials in (top)
soils. They reported that overall rates of decomposition
doubled for rise in8-9 °C annual airevery mean
temperatures.

14C
for every additional mm of rainfall,
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Unlike in laboratory studies soilwhere optimal

moisture conditions for microbial activity are usually
maintained, decomposition of plant residues in the field
takes place under alternating wet and dry soil conditions

the rainy and dry Birchduring respectively.seasons,
(1964) intermittent drying enhanced thereported that

mineral fiveof released from four ofamount N grass
species, the effect of drying increasing as decomposition

concluded that when plantresidue advanced.theof He
decomposed undercontaining lessmaterials 2% N or

constant moisture conditions for up to 33 days, there was
mineral Thisimmobilization of soil N. process wasan

changed to a net N gain, wheneither partly offset, or
alternated with dry conditions.moist periods Hewere

decomposition normallywhereconcluded thatfurther
drying increasedbrought about

this effect and decreased immobilization of soil mineral
otherwise pronounced.would beenthis havewhereN

of adding low Nimmobilization effectAccordingly the
residues to the soil would be less under alternate wet and
dry than under moist conditions.

these findings, Schreven (1967)toContrary van
repeated drying at depressed thereported that 35

carbon and from alfalfaof (Medicagorelease N
littoralis). Similarly Franzluebbers et al. (1994), using

°C

a release of mineral N,
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cowpea (Vigna unguiculata) plant material, found that N
mineralization significantly reduced offrom 46%was
initial plant N in moist soil to 29% in repeatedly dried
and wetted soil at 68 days of incubation. Repeated drying
and wetting of soilthe increased resistance ofthe N

microbialcompounds decomposition. workersTheseto
intermittentconcluded that periods andof dry wet

conditions between rainfall events could therefore lead to
long-term increase of N fertility in soils treated witha

soil organicby increasing thelegume green Nmanure
nitratesuch conditions would reduceMoreovercontent.

ammonium releasedformation from green manureupon
nitrate losses would be reduced indecomposition. Also,

sandy soils with low nitrifier populations as a result of
soils when subjectednitrification in suchreduced to

short drying-wetting cycles. Hence these soils may be more
nitrogen conserving than those that remain continuously
moist.

Nitrogen availability from green manures2.4
Nitrogen is assimilated by plants almost entirely in

or NH4+. Therefore, the organicthe inorganic state,
nutrient added soilthis element inof toform green

manures has to be mineralized to be of use to the targeted
crop. The availability of the released N to the crop will
depend on the balance between the magnitude of factors and

no3-
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processes which influence the concentration of NH./-N and

Nitrogen from plant materials decomposing in soil is
believed to become rapidly and intensively involved in the

microbial growth and decayof (Amato al. ,etprocess
1987). Consequently,
from such materials is the resultant of the processes of
mineralization and immobilization. According to Alexander
(1977) the accumulation, in soils, of NH/-N released from
plant residues represents the quantity of substrate N in

manured soil can be due to the utilization of this ion by
soil microorganisms for growth (Iritani and Arnold, 1960;

ThisPolland, 1950) .Winsor andal. ,Pink 1946;et
also be due to the activity of nitrifyingdecrease can

bacteria (Cornfield, 1952). A decrease in NO3’-N is brought
about by the immobilization of NH4*-N and denitrification
of NO3" by the general soil microflora and denitrifiers,
respectively (Alexander 1977). Generally, the amount of
plant-derived N which becomes immobilized into relatively
stable forms of organic residues depends not only upon
the amounts of metabolizable carbon from both plant and

but also theorganic mattersoil sources, upon
soil-derived nitrogen in theofavailability

and the patterns of leaching inimmobilization reaction,

NO3'-N in the soils.

A decrease of NH4*-N inexcess of the microbial demand.

the release and availability of N
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the soil profile.

days revealed that more NH/-N and NO3’-N were released from
decomposing plant underresidues aerobic thanunder
anaerobic conditions (Weeraratna, 1979). During incubation

Patnaik and
reported that decomposition of added residue(1978)Rao

under anaerobic conditions gave NH/-N as the end product
while under aerobic conditions nitrification subsequently

resulting in the formation of NO3'-N which isoccurred,
prone to denitrification and leaching.

the NO3"-N decreased due to denitrification.

Investigations carried out over a period of seven
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CHAPTER THREE

3.0 MATERIALS AND METHODS

The general objective of thisthe experiments in
study was to determine the decomposition rate and nitrogen
release patterns of Senna siamea green manure under two
soil types.

Soil Sampling3.1
Surface (0-10 cm) samples of two soils were collected

within the Sokoine University of Agriculture (SUA) farm.
Msanya (1980) and Urassa (1991) classified similar soils
within the farm as Typic Rhodustult (soil 1) and Fluventic
Dystropept (soil 2), respectively.

sampled from a cultivated site locatedSoil 1 was
Soilabout 100 m East of the Faculty of Forestry hostel.

taken from the horticultural unit within the SUA
uncultivated site to the north of the orange

orchard. These sites, known to be low in total N were also
used to conduct a field experiment.

Soil analysis3.2
The physical, chemical and microbiological properties

of the soils were determined as follows:

farm ’at an
2 was
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3.2.1 Physical properties
(i) Soil texture
The particle size distribution was determined by the

andhydrometer method (Anderson and Ingram, 1993) the
textural class was arrived at by the use of the textural
triangle for soil textural analysis according to the USDA
classification scheme.

Bulk density(ii)
(Blake anddetermined by the

in cylindrical metal cores,1986). The soil,Hartge, was
The ratio of thisdried to

the pre-determined volume of the cores gave the
bulk density.

3.2.2 Chemical properties
Soil pH(iii)

The soil pH was determined electrochemically in a 1:1
1979).soil:water suspension (Juo,

Total Nitrogen(iv)
digestion-distillationMacro-Kj eldahl methodThe

1982) was used to determine the total N of the(Bremner,
soils. The soil was digested with concentrated sulphuric
acid in the presence of a selenium catalyst whereby the

°C.
mass to

constant weight at 105

This was core method
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organic nitrogen was converted into the inorganic (NH/)
form. made alkaline with 40% Sodium
hydroxide and the liberated ammonia gas was distilled and

finally titrated with
0.05N sulphuric acid.

(v) Extractable Phosphorus
The acid-soluble form of phosphorus was extracted by

0.025M HCL and 0.03M NH4F as described in the Bray 1 method
(Juo, 1979) . Ammonium molybdate (1%) in sulphuric acid was
used to form a blue coloured complex with the phosphate in

The amount of phosphorus was then determinedthe extract.
spectrophotometrically at 882 nm.

Organic carbon(vi)
The wet oxidation method as described by Juo (1979)

soil.

(vii) Cation Exchange Capacity (CEC) and Exchangeable
Bases
The soil was treated with an excess of IM neutral

ammonium acetate to saturate the colloidal complex with
1965) . The excess of these ionsammonium ions (Chapman,

removed by washing with alcohol and those adsorbedwere
were replaced by potassium, using acidified IM potassium

was used in determining the organic carbon content in the

trapped in boric acid which was

The solution was
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chloride. The ammonium in this extract was then determined
by distillation in an alkaline medium of sodium hydroxide
and absorbed in boric acid as for total N. The distilled
ammonium titrated with sulphuric acid andwas was a
measure of the CEC. The exchangeable bases namely, Na*, K*,

and determined absorptionMg*, by atomicwere
spectrophotometry using the IM neutral ammonium acetate
extract.

Microbiological Properties3.2.3
The release of N and other nutrients from organic

soil is result of theresidues added theplant to
thisdiversity of microbial types.metabolism of Ina

initialfound desirable to determine theit wasstudy,
size of the microbial population in the soil samples and
the changes of these populations in the of thecourse
decomposition of the plant material at the 1st, 3

incubation. The agar-plate method forweek of
viable microbial count, as described by Clark (1965), was

technique, described in thisspread plateTheused.
was used to determine the viable microbial countmethod,

in soil extract agar.

Summary of the soils' properties.3.2.4
characteristicssoil determinedThe describedas

above are shown in Table 3.1. These soils have low levels

Ca2*

and 12 th
, 9thrd, gth
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(hence low organic matter) content. The viable microbial
are also low. These parameters indicate that thecounts

fertility of the soils is low. Moreover soils 1 (pH 5) and
(pH 6) acidic,strongly acidic mediumand2 are

respectively. Therefore, N mineralisation from the organic
matter in these soils may be slow (Thompson and Troeh,
1989).

Collection and analysis of the green manure material.3.3
Succulent twigs and leaves were collected from

Senna siamea trees growing within the University area. To
ensure uniformity, the materials from different trees were

and the length of the twigs sampled, starting from the

The moisture and consequently the dry matter content
determined by weighing the wet material immediatelywere

after sampling and drying to constant weight at 60 °C.
The dried material was then ground to pass through a 1 mm

total nitrogen and organic carbon contents ofThesieve.
the material was determined using the same procedures as

soils. The characteristicdescribed for thisof green
manure are shown in Table 3.2.

collected in the same ratio as they occur on the trees;

of total N, exchangeable bases as well as organic carbon

apex backwards, was approximately 30 cm.



28
Table 3.1 Properties of the soils used.

Characteristic Value

Soil 2Soil 1

Soil pH 6.05.0
Sand, % 5828
Silt, % 1614
Clay, 25% 58

Sandy clay loamClayTextural class
Exchangeable cations, meq/lOOg of soil

1.560.88K+
0.370.31Na+
0.381.07Ca2 +
0.860.93Mg2 +

Cation Exchange Capacity (CEC),
meq/lOOg of soil 1722

1.72Organic carbon, % 0.92
0.08Total nitrogen, % 0.07

ug/g 1.20 39.7Extractable P,
1.01 1.23

Viable Microbial counts,
CFU*/g

*CFU= Colony forming units

2.4xl052 . IxlO5

Bulk density, g/cm3
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Characteristics o£ the Senna, siamea greenTable 3.2
manure used

Characteristic Value

1.9 (twig-leaf mixture)Total nitrogen, %
2.4 (leaflets)

Organic carbon, % 56
C:N ratio (twig-leaf mixture) 29.5
Moisture content, % 71
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inshown Table materialAs the plant3.2, was

succulent and contained a substantial amount of N at the
time of harvest. The C:N ratio was only slightly narrower
than the critical value (30) at which N immobilisation is
expected to occur upon incubation of such material with
soil (Parnas, 1975).

Experimentation and statistical analysis3.4.
Two experiments, one in the glasshouse and the other

in the field were carried out.

Green manure decomposition in theExperiment 1:3.4.1.
glasshouse

this experimentspecific objective of toThe was
determine the effect of the rate of manure application on

and pattern inthe nitrogen release rate
set up in the glasshouse where controlledIt wastypes.

conditions for the decomposition process were maintained.

Seven rectangular wooden troughs measuring 450x45x20

whose inside was lined with plastic materialcompartment s
Six troughs were filled with airto make them leakproof.

dry soil in such away that three of them contained soil
1 and another three soil 2. The seventh trough received
both soils; five of its partitions (plots) on the same end

cm were constructed. Each trough was partitioned into 10

the two soil
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were filled with soil 1 and the rest with soil 2.

The plant material
bags, measuring (30x30) cm with a pore size of 7 Themm.
bags were then incubated,
cm depth, in the compartments of the first 6 troughs. Each

contained litter bag. soilEachcompartment typeone
received application whichof wouldtwo rates manure
supply 6 0 and 150 kg N/ha, respectively, upon complete
decomposition. The amounts of material in each litter bag
in soil 1 and 2 were 150 and 180 g, respectively, for the
lower rate of manure application while for the higher rate

contained and Theselitter bagsthe 370 453 g-
calculations were arrived at by taking into account the
bulk density of the soils and the total N content of the
plant material. For each of the two soils the two rates of

Another 10 empty bags were buried in the two soils in
the seventh trough to serve as control treatments for the

population changes as indicatedassessment of microbial
Water was added to each plot to moistenin section 3.2.3.

the soils to approximately field capacity. The moisture
thismaintained level throughout theatcontent was

experimentTheincubation period. insetwas up a
withdesignrandomizedcompletely factorial2x2x6a

manure application were randomly allocated to the plots.

was packed in 60 plastic litter

in a horizontal position, at 10
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arrangement.

Sampling was done after the 1st, and the
week. At every sampling time three bags were retrieved

from every treatment combination of soil type, rate of
manure application and sampling time for the first 6 six

litter bag from each soiltroughs. in the seventhOne
trough retrieved and three soilsamples ofwas were
collected from inside the bag for total viable microbial
counts.

After retrieving the litter bags the soil adhering to
the undecomposed material was carefully removed by hand

representative viablesamples analyzed forand were
furthermicrobial counts.

cleaned by removing the remaining soil particles through
successive sieving and rinsing with water. This material

constant weight at 60and later oven dried to

every
sampling time:

Residual dry matter.(a)
This was determined gravimetrically.
Organic carbon and Total nitrogen(b)
The dried plant material was ground. Organic carbon

3 rd gth6ch
12th

was then sun-dried to remove the moisture on the surface
°C.

The undecomposed material was

The following parameters were determined at
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and total N were determined as described for soils in
section 3.2.2.

(c) Viable microbial counts in the soils
(d) Decomposition rate constant (k)

This calculated by the exponentialofwas use
, where Y is the percent remaining of

initial weight of plant material at time t in weeksthe
(Wieder and Lang, 1982) . The equation also used towas
calculate the organic carbon and total N loss constants.

The statistical analysis of the data was done using
the completely randomised design, as described by Snedecor

using the MSTATC computer programme.(1989)and Cochran
subjected to ANOVA to determine the effectThe data was

application rate and method on theof soil type, manure
decomposition rate and N release pattern of Senna siamea

green manure.

siamea decompositionExperiment 2 : Senna3.4.2.
under field conditions.

the effect of method ofIn this experiment, manure
placement on the manure decomposition rate and N release

studied under field conditions. The sites for thiswas
work were as indicated in section 3.1. Two plots measuring
4x4m were marked out at the two sites and were cleared of

maintained up to the end of the experiment.weeds and so

equation, Y=e'k
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each site litter bags each containing 150g ofAt 12

freshly harvested material randomly buried in awere
horizontal position at depth of surface10 Fora cm.
placement, the same number of litter bags were made into
cylindrical shapes and inserted into the

indepth, vertical position. hadThe cylinders aa
material (150diameter of 20 cm. The same weight of plant

placed on the surface of the soil enclosed insideg) was
the now cylindrical litter bags. To avoid contamination by
external material such as dry leaves from the neighbouring
fields, the open ends of the litter bags were covered with
plastic mosquito-net material.

retrieve asThe use of litter bags made it easy to
much as possible of undecomposed buried material and also
prevented the surface-placed manure from being blown away

combination method ofofeachby wind. treatmentFor
soil type and sampling time, four bagsplacement, were

week. The same parameters as
for microbialdetermined exceptsectionin 3.4.1 were

designexperimental the completelyThecounts. was
randomised design and was in a 2x2x4 factorial form.

6 thsampled at the 3rd' and 9th

soil to a 5 cm
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 Decomposition of siamea glasshouseSenna under
conditions
The decomposition was studied under two soil types

and at two rates of N application The
rate of decomposition was monitored by the use of three
parameters.namely residual dry matter, residual organic
carbon and residual total nitrogen. These parameters were
expressed as a percentage of the original amounts added to

The decomposition ratesoils. carbon andthe constant,
also used thenitrogen loss toconstants were assess

application levelssoil andofeffect type manure on
decomposition .

Residual dry matter4.1.1
The residual dry matter decreased with incubation

both soil soilsimilar trends for andtime with 1 2
(Figures 4.1 and 4.2) . There was an initial faster rate of
decrease during the first 3 weeks of manure incubation in

thisDuring fast phase, thesoils. dryboth matter
decreased to about half of the amounts initially added to

the decreaseThereafterthe soils. occurred at a
comparatively slower rate.

as green manure.
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generalIn there significant (p=0.05)was no

difference between the decomposition rates in soil 1 and
(Figure 4.1, Table 4.1).

constants averaged over the manure application rates and
incubation period were 0.188 and 0.194 for soil 1 and soil

respectively. These significantly (p=0.05)2,
different.

of manure-N application resulted inThe lower rate
significantly (p=0.05) decompositionfaster than the
higher rate as revealed by the overall residual dry matter
mean values, obtained by averaging over sampling times and
the soil types (Table 4.1). This observation was further
supported by the decomposition rate constants (k) , shown

in that the lowerin Table rates4.2, manure were
characterised by the higher decomposition rate constants.

inthat differenceshowed thefurtherresultsThe
decomposition rates due to the different rates of manure
application was significant (p=0.05) only in soil 2 during

the effect of the manure rates was not significant.

The decomposition rate

were not

the last six weeks of incubation (Figure 4.2). In soil 1

soil 2
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Soil type

residual dry matter--
1 (Clay) 40.31 44.42 42.37

± 3.88
2 (SCL) 39.20 49.62 44.41

47.02

+ 3.88

SCL=Sandy clay loam

for

Decomposition, rateTreatment
constant (week'1)

Soil 1+ 60 Kg N/ha
Soil 1+ 150 Kg N/ha
Soil 2+ 60 Kg N/ha
Soil 2+ 150 Kg N/ha

Soil type LSD (P=0.05) 
means for soil 

type means

0.176
0.140
0.244
0.135

LSD (p=0.05) 
for rate of 
means

Rate of manure-N 
application 
(Kg manure-N/ha) 
60 150

Rate of applic­
ation means 39.76

Table 4.1 Overall effect of soil type and manure 
application rate on the decomposition of Senna siamea 
green manure as indicated by residual dry matter 
averaged over the sampling periods.

Table 4.2 Green manure decomposition rate constants 
the two rates of manure-N application.
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When plant residues are introduced into the soil, the

soil microorganisms, through the decomposition process,
utilize them as a source of energy and carbon for new cell
formation (Alexander, 1977). First, the microbes act on
the easily decomposable (water-soluble) components of the
residues and hence their population increase rapidly.
Consequently, there is initial offast phasean
decomposition. In the present study this phase occurred
during the first three weeks. As the process proceeds, the
water soluble fraction gets exhausted and, subsequently

microbesdecomposition slows thedownofthe rate as
Similarresistant fractions. trends ofthedecompose

forhave been reporteddecreasedryresidual matter
(1992) and also forCrotaiaria and Leuceana by Nikokwe

cowpea by Smith and Peckenpaugh (1986) .

Christensen (1985) attributed the total weight loss
enclosed in mesh bags andfrom barley and wheat straw,

soil, three losstheintoincubated to components:
decompositionmicrobial and loss ofleaching, straw

through mesh openings. suggested that theparticles He
initial stage of straw weight loss was probably dominated
by leaching and microbial decomposition of readily

thesubstrates. followingInavailable stage,

relativelybe small.thought whento However,
decomposition losses dominated and particulate losses were
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decomposition proceeded and the straw became fragile and
eventually disintegrated, losses particlesof straw

through the mesh openings, most likely became important
while microbial decomposition slowed down as the substrate
became less accessible to the decomposers. The reduced

decompositionof relatedalso berate tomay
immobilisation of nutrients by the microorganisms. The

decomposition mayand slow of have beenfast rates
populationswith and small ofassociated large

microorgarnisms, respectively, in response to availability
of nutrients in the decomposing material.

The relatively higher decomposition rate observed in

light-textured soil compared to that of the heavy-textured
soil 1, especially immediately after watering. Due to the
high clay content of soil 1, water infiltration into this
soil would, conceivably, be quite slow compared to that in
soil 2.
created in soil 1 following watering while in soil 2 there

aeration dueof thebetterwould be status toa
comparatively lighter texture. Weeraratna (1979) reported
that the decomposition of some plant residues was faster
under aerobic conditions (as would be attained in soil 2)
than under anaerobic conditions (which would prevail in
the clay soil 1) . The higher proportion of clay in soil 1

soil 2 could be related to the better aeration in this

Therefore, temporary anaerobic conditions may be
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reduced the activity of the microorganisms,
thereby contributing to the lower rate of decomposition in

this soil.

The fact that the lower rate of Senna siamea green
manure resulted in a faster overall loss of residual dry
matter than did the higher rate is in agreement with the
findings of Puig-Gimenez and Chase (1984) . These workers
reported that small amounts of wheat straw decomposed more
rapidly in soil than large quantities. The packing of the
manure into litter bags, though done as loosely as it was
possible in the present studies, would not initially allow

microorganisms. This was because of the physical barrier
itself.provided by the bags and the manure Therefore,

decomposition initially took place first

immediate with soil.inthatlayer contactwas
mixing withofbetter theSubsequently, manure

microorganisms was attained through dispersion of the soil
microorganisms during watering. This was first attained in
the case of the lower rate of application and hence the
faster rate of decomposition.

These trends agree with those of the changes in soil
microbial numbers during the decomposition process (Figure
4.3) .

in the manure

total mixing of the material with soil and hence soil

may have
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There was a rapid increase in the microbial numbers

in both the manured and the control soils during the first
week of incubation. Thereafter the numbers in the manured
soils remained more or less constant over the incubation
period. The manured soils generally had higher counts than

The microbial populations were generally
slightly higher in samples treated with the lower quantity
of the manure.

inrapid increase microbialThe the numbers on
withbe associatedaddition theof may

availability of easily degradable manure components to the
microorganisms. This could also be partly attributed to
the improved moisture conditions of the previously dry

counts between control and manured samples in soil 1 may
be related to this soil's lower content of organic matter.
Soil 1 had 0.92% organic carbon while soil 2 had 1.72%.

The slightly higher levels of microbial populations
the lower rate of manure application is difficult toat

probable that theis smallerexplain at Itpresent.
quantity of manure got better mixed with soil and, hence,
stimulated
quantity.

a higher microbial population than the larger

soil upon watering. The greater difference in microbial

the controls.

green manure
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It is also possible that some toxic decomposition product
may be associated with the Senna spp manure, especially at
the higher rate of application, thus reducing the numbers

the total population. Wangari (1995) observed lower

microbial numbers in soils treated with higher quantities
of spp but higher quantities of SesbaniaLantana spp
stimulated higher microbial populations than the lower
quantity. These observations suggest that different types

influence soil microbial populationsof manure may
In the case of Senna siamea, further studiesdifferently.

toxicrequired to establish whetherare
soil microorganisms. The pods of this plant

reported to be toxic to pigs (Nair, 1993) .were

4.1.2 Residual organic carbon
The residual organic carbon decrease

4.1.1). The residual organic carbon decreased at a faster
to about 50% of the original level, in the firstrate,

and slowed down thereafter (Figures 4.4 andthree weeks,
th week only about 20%, or lower,4.5). By the end of the 12

of the added carbon remained (Figure 4.4). The rates of
in the soilscarbon decreaseorganic two notwere

significantly (p=0.05) different (Figure 4.4, Table 4.3).
However the rate of decrease was significantly (p=0.05)

same trend as that shown by residual dry matter (section

effects on

of some microbial groups, hence the observed decrease of

or not

followed the

it has



46
higher with the lower manure application rate than with
the higher rate as shown in Figure 4.5 and Tables 4.3
and 4.4.

The trends of organic carbon were similar to those of
residual dry matter discussed above. Other workers (Amato
et al., 1987; Christensen, 1994 and1985; Franzluebbers,
Lehmann et al., 1995) also have reported trends similar to

studies.those of these According to Alexander (1977)
amino acids and aliphatic whichsimple sugars, acids,

constitute the water-soluble fraction of plant residues,
were easily and rapidly decomposed in the first phase. The

lignin components were involved consequently, resulting in

initial three weeks.

of loss of organicobservation that theThe rate
carbon decreased with an increase of manure application
rate is in line with that of some workers (Van Schreven,
1964; Broadbent and Bartholomew, 1948) who found that the
rate of plant residue decomposition varied inversely with

inapplied. other studiesHowever,the amounts some
(1958), Jenkinsonand (1965)Stotzky andMortensen

Jenkinson (1977) found that the proportion of added plant
carbon decomposing in a given time was substantially

a slower rate of decomposition in the period beyond the

more resistant cellulose, hemicellulose and, ultimately,
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Soil type

--% residual organic carbon--
1 (Clay) 35.07 42.25 38.66

±4.64

2 (SCL) 32.22 42.54 37.38

42.40

+ 4.64

SCL=Sandy clay loam

theat two

Treatment

Soil 1+ 60 Kg N/ha
Soil 1+ 150 Kg N/ha
Soil 2+ 60 Kg N/ha
Soil 2+ 150 Kg N/ha

Soil type LSD (P=0.05) 
means for soil 

type means

0.162
0.138
0.229
0.124

Table 4.4 Organic carbon loss rate constants 
rates of xnanure-N application

Rate of manure-N 
application 
(Kg manure-N/ha) 
60 150

Rate of applic­
ation means 33.65
LSD (p=0.05) 
for rate of 
application 
means

Organic carbon loss 
rate constant (week’1)

Table 4.3 Overall effect of soil type and manure 
application rate on the decomposition of Senna siamea 
green manure, as indicated by residual organic carbon 
averaged over the sampling periods.
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Pinck and

Allison (1951) showed that the latter results
only if the carbon addition did not exceed 1.5% of the dry
weight of the soil. The highest rate of organic carbon
addition in the present of the dry%0.6
weight of soil 2.

From the above findings it is apparent that the effect
of manure application rate on carbon release rate cannot
be easily defined. In the current study, it ishowever,
postulated that the lower rate of application allowed for

greater proportion of the residue to be in contact witha
the soil, especially after the first three weeks, and thus

is also probablethese materials decomposed faster. It
(section 4.1.1)if the postulated toxicity factorthat

the higherthenexists, atsevere manuremore
thereby reducing the ofapplication rate, rate manure

decomposition.

4.1.3 Residual total nitrogen
The general pattern of N release was similar to that

(Figure 4.6loss and carbon release 4.7).and
N decreased rapidly, about (ontotal 50%Residual to

average) of the initial amount added to soil, during the
initial first stage of decomposition. There was a reduced

week of incubationrelease rate between the 3rd

were true

and the 9th

of mass

studies was

independent of the rate of manure addition.

it was
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followed by a comparatively faster rate in the last three

weeks. On average the total amount of N released during
the entire incubation period was about 80% of the amount
initially added to the soil.

Soil type did not affect the rate of N release from
the manure at the low application rate, but the N release

faster in soil 1 compared to soil in the higher2was
(Figure 4.6; Tables and 4.6) . The Nrate 4.5manure

influenced by the applicationrelease rate was manure
quantity of decomposedsmallerTherate. manure

significantly (p=0.05) faster than the larger quantity as
reflected by the lower residual N values (Table 4.5) and

(Table 4.6). Thisfurther by the higher N loss constants
soil in soilpronounced in than2effect 1morewas

ratio generallyof the(Figure 4.7). The C:N manure
increased over the incubation period (Figure 4.8) .

in N release from leguminous plantSimilar trends
(1994)residues have been observed by Handayanto et al.

(1994). Lehmann et al. (1995)and Frankzluebbers et al.
the pattern of N release siameafound that

similar to that of carbon loss and
that most of these were released during the first 20 days
of residue placement in the field. This agrees well with
results of the present studies.

twigs and leaves was
from Senna
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Soil type

residual total N--
42.7741.15 44.401

+ 4.44
41.85 55.02 48.442

49.71

± 4.44

Treatment

Table 4.6 Total N loss rate constants at the two rates of 
manure-N application

Soil 1 + 60 Kg N/ha 
Soil 1 + 150 Kg N/ha 
Soil 2 + 60 Kg N/ha 
Soil 2 + 150 Kg N/ha

Soil type LSD (p=0.05) 
means for soil 

type means

Total N loss rate 
constant (week’)

LSD (p=0.05) 
for rate of 
application 
means

0.177 
0.142 
0.241 
0.124

Rate of manure-N 
application 
(Kg manure-N/ha) 
60 150

Rate of applic­
ation means 41.50

Table 4.5 Overall effect of soil type and manure 
application rate on the decomposition of Senna siamea 
green manure as indicated by residual total nitrogen 
averaged over the sampling periods.
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In an earlier study Sandhu et al. (1990) reported that N
release from ofpatterns leucocephalaLeuceanaroots
followed the same pattern as their mass loss. As indicated
in sections 4.1.1 and 4.1.2 for residual dry matter and

explained in terms of the presence of easily decomposable
N compounds during the first weeks of incubation with more
resistant substrates remaining subsequent to the initial
decomposition. It is probable that the increased loss of

losses during watering and also during the cleaning stage,
since by this time the decomposing material had become
very fragile. These trends may also be explained from the
view point of microbial biomass. The first three weeks may
have been associated with a larger biomass as a result of

microbial biomassand growth. Theassimilationfirst
third and eighth week.between theremained constant

Thereafter followed the autolysis of a proportion of the
initial population, releasing easily decomposable carbon

have contributed theThese tosources maysources.

subsequent faster rate of N release.

The reduction in the rate of N release during the
incubation period may be due to the increased C:N ratio in
the present studies as was also shown by Frankenberger and

(1985) al. (1992).Abdulmagid et The latter

N during the last three weeks was due to fragmentation

and Tian

organic carbon, the trend for residual total N could be
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workers observed negative correlation between
decomposition rate the ratios.and TheC:Nconstants
initial decrease of this ratio during the initial stages
of decomposition could be attributed to N immobilization
by the twigs in the decomposing twig-leaf mixture
(Constantinides and Fownes, 1993).

residualThe of total N averaged themeans over

manure application rate and incubation periods (Table 4.5)
indicated that soil type significantly (p=0.05) influenced

individualthethe release However,rate. atN means
sampling times revealed that this effect was statistically

higherthe of(p=0.05) rateat manure
nine. Theseweek results,and onlyapplication at

soil type xsuggest that there wastherefore, manurea
application rate interaction effect on N release. This was
confirmed in the ANOVA.

applicationofeffectSince the rate onmanure
residual N was similar to that on residual dry matter, it
is inferred that N release was faster with the lower rate

increased contact betweenapplication due toof manure
and soil/soil microorganisms (Section 4.1.1) at themanure

The observations abovelower rate of manure application.
suggest that the timing of manure application for maximum
N utilization by crops will depend on soil type and manure
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application rate.

4.2 Decomposition of Senna siamea under field conditions

The effect of method of plant residue placement and

soil type on the decomposition of Senna siamea was studied

under field conditions. The same parameters (i.e. residual

dry matter, residual organic carbon and residual total N)

used in the glasshouse experiment theas
decomposition rate were also employed in the field.

4.2.1 Residual dry matter
residual dry matter decreasepattern ofThe was

similar to that observed under glasshouse conditions. In
general, about 65% or more of the manure added to the soil

in the field (Figures 4.9 and 4.10).

residual dryindecreaseoverall matterThe was
significantly (p=0.01) affected by both the soil type and

4.7) . This is also(Tableplacementmode of manure
shown in

Table 4.8.

was lost during the first three weeks of manure placement

indicated by the decomposition rate constants

to determine
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% residual dry matter
24.36 23.1521.951

± 1.20
16.97 26.3835.792

20.6628.87

±1.20

theunder two

Treatment

Soil type Method of placement 
soil-incor­
porated

surface- 
applied

Soil­
type 
means

0.203
0.191
0.125
0.360

Soil 1 + surface-applied
Soil 1 + soil incorporated
Soil 2 + surface-applied
Soil 2 + soil incorporated

Decomposition rate 
constant (week-1)

LSD( =0.01) 
for soil 
type means

Method of 
placement 
means
LSD(p=0.01) 
for method 
of placement 
means

Overall effect of 
placement on 
green manure,

Table 4.7 Overall effect of soil type and method of 
manure placement on the decomposition of Senna 
siamea green manure, as indicated by residual dry 
matter averaged over the sampling periods.

Table 4.8 Decomposition rate constants 
methods of manure placement
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During the first three weeks,
decreased fast, at approximately the same rate in the two
soils and for the two placement methods. Thereafter the
rate of decrease depended
placement method (Figures 4.9 and 4.10).

Beyond the first three weeks, soil-incorporated
manure decomposed faster in soil 2 than in soil 1 while

type x method of placement effect. In soil 1 the effect of

the buried manure decomposed significantly (p=0.05) faster
than that applied on the soil surface (Figure 4.10) .

initial rapid decrease in residual dry matterThe
could be attributed to the faster decomposition rate of
the water soluble substrates which are used by the soil
microorganisms as discussed in section 4.1.1. The slower
decomposition rate in the last six weeks was a function of
the increased resistance of the remaining plant residue to
microbial attack, as well as soil and climatic factors, as
indicated in the following explanation. theAt 10 cm
depth, soil 2 was seen to be moist while soil 1 was almost
dry, especially at the sixth and the ninth week, implying
that the little rain water received during that period

manure placement method was not clear-cut but in soil 2

than in soil 2 (Figure 4.9). The ANOVA indicated a soil

on the soil type and manure

the surface-placed material decomposed faster in soil 1

the residual dry matter
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(Figure 4.11) had drained deeper in the light-textured
soil 2 than in the heavier-textured soil 1. Consequently,
microbial activity in the buried manure was faster in the
former than in the latter soil. It was also observed that
earthworms,

were more abundant (though not counted) in soilprocess,
2 than in soil 1. Tian et al. (1995) reported that these
soil fauna accounted for 10.40% of the breakdown of plant
residues added to soil.

The higher decomposition rate of the surface-placed
material in soil 1 compared to that in soil 2 was also a
result of the infestation of soil 1 by termites. Most of
the material on soil 1 was consumed by termites while in
soil 2 the loss was mostly due to microbial decomposition.

surface-applied and soil-thetheInitially
incorporated materials decomposed at almost equal rates in

This was probably due(Figure 4.10). to theboth soils
soil (hencebetween soilthethat contactfact

surface-appliedthemicroorganisms) and manure was
increased as soil was splashed onto the manure by rain. It

however, that the decompositionobserved,furtherwas
influenced greatly bysoil termitein 1 wasprocess

activity because this soil was infested with termites.

which also contribute to the decomposition
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Therefore, the effect of the mode of application
throughout the period of the experimentation notwas
clear-cut. This observation agrees with that of Lehmann et
al. (1995) who found that termites increased the mass loss

Calliandra calothyrsus,of
siamea decomposing under field conditions. Nandwa et al.

(1993) reported that theofone
reasons which accounted for different decomposition rates
during the decomposition of maize stover at two different
sites in Kenya.

The higher decomposition rate in soil 2 in the case

probably due to the positional availability of the residue
materialin the incorporatedmicroorganismssoilto

(Nikokwe, 1993) . More of the incorporated material was in
contact with soil microorganisms than in the case of the

the increasedsurface, hencetheplaced onmanure
Additionally, the surface-applieddecomposition rate.

soil surfacethe exposedwell towereasasmanure
intermittent dry conditions, a factor which did not affect

This might have greatly slowedthe deeper soil levels.
down the microbial decomposition of the material since

inmoisture the substrateof is a

prerequisite for increased microbial activity (Alexander,
1977).

of the buried than in the surface-applied material was

termite activity was

Gliricidia sepium and Senna
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4.2.2 Residual organic carbon

Residual organic carbon followed similar patterns of
decrease as observed for residual dry matter (Figures 4.12
and 4.13). Generally the organic carbon release rate was
significantly (p=0.05) influenced by the soil type.
Decomposition was faster in soil 1 than in soil 2 for the
surface-applied manure, but the opposite was true in the

4.9) . This was supported by carbon release rate constants
as shown in Table 4.10. There was no clear-cut difference
in organic carbon lost by soil 1 in relation to the method
of manure placement, but the soil-incorporated manure lost

carbon relative to the surface-applied one in soil 2more
(Figure 4.13).

Similar explanations as given for residual dry matter
patterns in section 4.2.1 could be used in this case to

residualobserved for thesimilar trendexplain the

organic carbon. Carbon release was initially fast as the
microorganisms decomposed the easily degradable components
of the manure. The rate of release was lower in the later
stages as the material became more resistant to microbial

is worth noting that the soil fauna effect,attack. It
activity,termite the mainthe was

due soildifferencesdeterminant totheof type as
observed for the surface-applied manure, as well as of the

case of the soil-incorporated manure (Figure 4.12; Table
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-- % residual organic carbon--
18.60 23.43 21.021

± 1.60
22.7213.0232.432

18.2225.51

+ 1.60

Treatment

Soil type Method of placement 
surface- 
applied

soil-incor­
porated

Soil­
type 
means

Organic carbon release 
rate constant (week’1)

0.210
0.188
0.134
0.353

LSD(p=0.01) 
for soil 
type means

Soil 1 + surface-applied
Soil 1 + soil incorporated
Soil 2 + surface-applied
Soil 2 + soil incorporated

LSD (p=0.01) 
for method 
of placement 
means

Method of 
placement 
means

Table 4.9 Overall effect of soil type and method of 
manure placement on the decomposition of Senna siamea 
green manure, as indicated by residual organic carbon 
averaged over the sampling periods.

Table 4.10 Organic carbon loss rate constants under the 
two methods of manure placement.
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differences between the modes of application inmanure
soil Termites1. abundantly observed (though notwere
counted) in soil in the field, while there1 were no
termites in soil 2.

soil the observed differences inIn carbon2
mineralization, for the methods application,of was
basically due differential availability ofthe theto

to microorganisms. A greater proportion of themanure
soil-incorporated manure was exposed to the microorganisms

surface-appliedin of thethe thanthan casemore
surface-applied materialthe lostmaterial. Moreover,

and by the fifth week it was almostmoisture with time,
dry. This may have reduced the decomposition rate of the

buriedrelative that theofsurface-applied manure to
and Dicky (1970) reported that plantmaterial. Brown

residues which were placed 12 cm deep in the soil lost 93%
of their weight while those on the soil surface lost only

(1946) observed slowedandBartholomew Norman31%.
decomposition of straw whose moisture content was below

and the process ceased completely at 16%.60%,

Residual total nitrogen4.2.3
The percentage of residual total N decreased sharply

during the first three weeks by the end of which 80 and
added soil and soilthe toof amounts 170% 2,
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respectively, had been released (Figure 4.14) . Between the
sixth and the ninth week the decrease was relatively slow.
These trends were similar to those of residual dry matter
and organic (sectionscarbon and 4.2.2) . Soil-4.2.1

incorporated manure had a significantly (p=0.05) higher
rate of N release (Figure 4.12) in4.15; Tables 4.11 and
soil in soil initial ofbut The fast2 not 1. rate
decomposition explained in thehas been ofterms
availability of easily degradable substrate (section 4.2.1
and 4.2.2) . The N release rate decreased thereafter as the
easily degradable components became depleted. Such trends

(Weeraratna, 1979; Smith and Peckenpaugh, 1986) . Amato et
found an initial fast release rate of(1994)al.

Medicago spp, but decomposition was retarded thereafter.
According to Paul and Clark (1989) amino acid N decomposed

followed by that of amino sugars.faster,

residual dry and organicreported for matterAs
carbon, the disappearance of residual N from the surface
applied manure, was greatly enhanced by termite activity
in soil 1 hence the method of manure placement effect was
confounded in this soil. In soil 2 the rapid release of N

due to the greater contact between the soil microorganisms
and the incorporated material and also due to the

15N in

from the incorporated material compared to the mulch was

of N release have also been reported by other workers
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% residual total N
17.3117.29 17.331

± 2.26
22.1713.9730.382

15.6523.84

± 2.26

under the twoTable

Treatment

Soil type Method of placement 
surface- 
applied

Soil 1 + surface-applied
Soil 1 + soil incorporated
Soil 2 + surface-applied
Soil 2 + soil incorporated

soil-incor­
porated

soil type 
of 
total

Soil­
type 
means

Total N release rate 
constant (week’1)

LSD(p=0.01) 
for soil 
type means

0.240
0.200
0.142
0.398

LSD (p=0.01) 
for method 
of placement 
means

Method of 
placement 
means

and method of 
Senna, siamea 

nitrogen

4.12 Total N loss rate constants 
methods of manure placement.

Table 4.11 Overall effect of 
manure placement on the decomposition 
green manure as indicated by residual 
averaged over the sampling periods.
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relatively wetter conditions at the 10 cm depth compared
to the soil surface. The release of N in the incorporated
material in soil 1 compared to soil 2 was retarded by the
relatively drier conditions of soil 1 at the 10 cm depth

given in section 4.2.1.due it isMoreover
probable that there increased clay protection andwas
adsorption of the organic N compounds in soil thus1,
reducing their availability to the microbes (Bondietti et
al., 1971; Zunizo et al., 1982).

and fieldthe glasshouseComparison between4.3
conditions results

decompos i t ion undersiameatrends ofThe Senna

glasshouse conditions compare well with those observed in
the field (Figures 4.16, 4.17 and 4.18). The residual dry

organic carbon and the total N decreased rapidlymatter,
incubation under boththree weeks offirstduring the

decompositionoftheOverall, ratesconditions. were
field than under(p=0.05) underfastersignificantly

glasshouse conditions (Table 4.13).

Decomposition in the field occurred under alternating
in the(Figure 4.8) whileconditions thatdry and wet

glasshouse was under uninterrupted moist conditions. These
differences in soil moisture regimes in the glasshouse and

to reasons
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in the field might have caused the differences in the
decomposition rates observed.
following the dry spell in the field might have activated
the newly developing microbial population, enhancing

subsequent mineralisation moistening (Birch, 1964;on

soils under field conditions were more aerobic than those
under glasshouse conditions since the latter were
maintained moist throughout the study. Hence the microbial
activity was greater in the field than in the glasshouse.

differences affect decompositionTemperature may

rates under field and glasshouse conditions. The present

field studiesglasshouse and undertaken largelywere
within the same rainy season and the ensuing cool season.
Differences in temperature between the glasshouse and the
field were minimal.

It is inferred here that, generally, the results of
the glasshouse study may be used to give a general trend

decomposition of siamea under fieldSennatheof
the rate of decomposition of thisconditions. However,

under field conditions may be different from themanure
rate under glasshouse conditions.

Griffiths and Birch, 1961) . It is also probable that the

The remoistening of soils
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CHAPTER FIVE

5.0 SUMMARY AND CONCLUSIONS

A glasshouse and a field experiment
determine the effect of soil type, manure application rate
and placement method on the decomposition rate and extent
of nitrogen release of Senna siamea green manure. In the
glasshouse, the amounts of dry matter , organic carbon and
total nitrogen, expressed as a percentage of the original
amounts added, were determined at the first, third, sixth,

incubation in twoninth and the twelfth week of manure
In the field the determinations were made atsoil types.

the third, sixth and the ninth week.

The results of the glasshouse experiment indicated
that the decomposition rate and the nitrogen release was

application rate of 60 kg N/ha resulted in a significantly
(p=0.05) faster decomposition than an application rate of
150 kg N/ha. Under field conditions, the results revealed

and method of manure
placement on the decomposition rate. In soil 1 the effect

of method of manure placement was not defined. This was
infestation of this soil by termites which

enhanced the decomposition of the surface-applied manure.
soil-incorporatedthe decomposedsoil 2,In manure

not significantly affected by soil type. However, a manure

were set up to

due to the

an interaction between soil type
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significantly (p=0.05) faster than the surface-applied due
to the greater contact between the soil, and hence soil
microorganisms, and the incorporated Also theremanure.

favourable moisture conditions the depth ofatwas
incubation (10 cm) than at the soil surface where moisture
loss due to evaporation was greater, making the surface
soil drier.

decomposition field conditionsunderThe was
significantly faster than in the glasshouse. However, the
patterns of N release under both conditions were similar.
The manure lost about 50% or more of the total N during
the first three weeks of incubation while, the N release

rate was slower subsequently.

experiments led thetheseofresults toThe
following conclusions and suggestion:

The rate of Senna siamea green manure decomposition1.
in the field will depend on the soil type, the method of
placement as well as the rate of application.

The effect of these factors depend on the climatic2 .
moisture(exemplified by inregimes theconditions

in the field) faunalglasshouse versus
activity.

as well as the
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Although the efficiency of decomposition3 . (e .g. N

release) was greater when the manure was buried in soil 2,

incorporation of would be laborious thanmanure more
applying it on the soil surface. This would have practical
implications as far as smallscale farmers, relying on hand
labour, are concerned.

In order to achieve synchrony between the nitrogen4 .
release from this manure and the demand of the targeted

mentioned in should beabovethe factors 1crop,
considered in determining the time of applying manure in
the field. This needs further studies.

It is suggested that the determination of the actual5 .
gains of green manure N in the soil and its availability
may give more refined data with regard to the potential of
this manure in supplying N and other nutrients to crops.
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