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ABSTRACT

andThe decomposition of ochroleucaCrotalaria
contained in litterleucocephala green manures.Leucaena

into the soilbags and placed on the surface or buried
12 weeks of incubation.(8- 10 cm), studied duringwas

The study was toconducted under laboratory conditions
determine and compare decomposition and nutrient release

The effect of methodpatterns of the two green manures.
andof application decompositiongreen manure on

subsequent nutrient Changesrelease was investigated.
in soil microbial numbers with incubation time were

ofdetermined and related to decomposition. Analyses
countingmanure residual materials, and microbialthe

were done at three week intervals.

in terms ofThe rate of decomposition was expressed
organicorganic carbon. total nitrogen anddry matter.
thesethe residual material. Allphosphorus in

expressed as percentages of the originalparameters were
quantities added through the manure.

firstGenerally decomposition was fast during the
Thesix weeks of incubation and slowed down thereafter.

rate of decomposition was similar in both green manures,
and decomposed by almost 50 and six and 1270% after
weeks of incubation, respectively. addition they hadin
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soil­similar nutrient releasing capacities. However,

decomposed faster and releasedincorporated manure more
nutrients than surface-applied.

intreated soil there rapid increasesIn were
ofmicrobial weeksnumbers during first sixthe

almost levelled off.incubation after which populations
largerThe soil-incorporated green manure resulted in

themicrobial numbers than the surface-applied one. In
control soil such changes were small.

speculatedFrom the results of this study it was
beshouldthat . when used the two green manures z

weeks before theincorporated into the soil at least six
its maximum need forwhen the intendedperiod crop has

maximumThis will allow synchronization ofnutrients.
nutrient release with high nutrient demand by the crop.
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1.0 INTRODUCTION

General1.1
materials to land/soil haveApplications of organic

maintainingtraditionally been used methods of oras
inbeen practicedimproving soil fertility. This has

has alsoLand fallowingmost countries of the world.
The fallowing systembeen used extensively in the past.

threehas usually involved using land for several (e.g.
forthen leaving it for at least ten yearsto five) and

fertilityregeneration soilvegetation and. hence,
restoration.

for soil fertilityorganic materialApplication of
differentthe addition, to themanagement is
excretatypes of litter including

Theseindustrialnowadays, wastes.and, aresome
to decompose and add to the soil organic matterintended

together with plant nutrients.

rapidhas beenlast few decades thereDuring the
consequent need for moreincreases, withpopulation a

traditionaldeveloped countriesfood production. Tn
production have been replacedmethods of increasing food

soiluse of inorganic fertilizers and effectiveby the
countries,conservation practices. the third worldIn

hand, either beenthe fallowthe other system hason
andor shortened because of pressureabandoned landon

crop residues, animal
soil, of
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conservationsettlements. soilpermanent However,

practices less effectively carried out. As aare
result, tropical countriesagricultural soils in many
have undergone serious degradation such as surface run­
off followed inerosion, resultingby excessive soil
decreased organic of plantand depletionmatter levels

soilnutrients. This has led decline into a
arrestproductivity, calling for increased efforts to

foodand reverse the situation in order to increase
production.

increasinglyThe fallow becomingissystem
hasimpracticable because land area under foreststhe

The usedwindled and population densities are now high.
lowoverallstillof inorganic fertilizers is at an

the highpeasant farmers affordlevel because cannot
prices and have no experience in their use. Moreover,

agriculturalawareness of possible pollutive effects of
including fertilizerschemicals, inmay,

With counterreduction in their thesefor a use.
materials seems toforces,

andpractical option. Throughbe a proper management
other types ofof agricultural residues andutilization

organic litter, the degraded soils may be reclaimed.

soil amendment, is
green plantsthe use of matter andto supply organic

Green manuring, as one method of

therefore, the use of organic

future, call
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plant nutrients to agricultural soils. The plants may

to grow for several weeks andbe established and allowed
thethen benefitbe incorporated into the soil to

following crop. beAlternatively, the green manure may
interrow cropped shrubs (suchobtained from prunings of

they may be collectedin alley cropping systems) oras
from elsewhere In each caseand applied to the field.

are added to thethe plant nutrients and organic matter
soil after decomposition of the added material.

Leguminous largely used for greencrops are
ofmanuring because they add substantial amounts

plants.nitrogen which important foris very the crop
legumes'Such high nitrogen due to theadditions are

in association withability toinherent fix nitrogen
Thebacteria of the genusnitrogen fixing Rhizobium.

grainof nitrogen fixed by foragetree,amount or
40 and kg/ha dependinglegumes varies between 500 on

Thus,environmentalspecies and factors.plant
can be added to the soilsubstantial amounts of nitrogen

through green manuring.

Problem analysis1.2
effective nutrientThe contribution by any green

particularly for annual crops, thedepends onmanure,
decomposition and nutrient release of thepattern
incorporated plant litter. Effective manuringgreen
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high nutrient demand by therequires that the period of

nutrientofcoincide period highestwith thecrop
This synchrony is a very crucialrelease by the manure.

factor for annual for practicalcrops because, reasons,

duringthe green only be applied only oncemanure may
Thus in the absence of synchrony,the cropping season.-

nutrients.the releasedthe crop will not make use of
ofThis implies that information pertaining to the rate
itsdecomposition of the manure is important asas

nutrient content in order to make effective use of green
tmanures for annual cropping systems.

releasenutrientTanzania. informationIn on
islegumesdifferentbypatterns non­manuregreen

leguminousofconsequently, the choiceexistent and,
quitedonemanures and of application istimegreen

is, therefore,This considerationarbitrarily. a
practical problem warranting investigation.

Objectives1.3
analysis, researchof the foregoingthe lightIn

anddetermine the decompositionundertaken towas
andLeucaena leucocephalapatterns ofnutrient release

suchochroleuca and the implication ofCrotalaria
andnutrient needson the of annualphenomena crops

soil considerations. specificother management The
objectives of this research were:
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anddecompositioninvestigate the ofrateToa.
twothepatterns fromnutrient (N & P) release

legumes.

basis of nutrientb. To compare the two legumes on the
(N & P) releasing capacity.

of placementmethodeffect ofdetermine theToc.
thesoil-incorporation) of(surface-application or

importantdecomposition,their anmanures on
croppingalleyconsideration particularly for
surface-initiallvwhere pruningssystems are

applied.

from the aboveOn the basis of information obtainedd.
ofappropriate timingspeculate onobjectives, to

application of these materials, their effectivefor
particularly for annualas fertilizersutilization

crops.
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2.0 LITERATURE REVIEW

The hence2.1 nitrogen potential of green manure and
its fertilizer value

ismanuring the materialTn the practice of green
soil.either surface applied or incorporated into the

forIt involves first the growing of the manure ’crop*
the soil beforeseveral weeks, thereafter applying it to

possible togrowing the next food is alsoItcrop.
applycollect plant material from elsewhere toor
Theprunings of alley shrubs within the field.

releasematerialincorporated will decompose and
For example Leucaena leucocephala forage cannutrients.

187’ kg of and44 and nitrogen, phosphorussupply 500,
and Van der Wai(Guevara 1976, cited by Brompotassium

1988), per hectare per year.

sepium andof GliricidiaPrunings Leucaena
alley cropping foodin withleucocephala wascrops

200have added 100 andto soil more thanreported to
YamoahkgN/ha/yr, respectively (Kang and Duguma 1985).

Gliricidiareported(1985) that prunings ofal.et
releasedFlemingia congesta and Cassia siameasepium,

kgN/ha/yr, Underand 120 respectively.70252,
Southern highlands CrotalariaTanzania's conditions,

zanzibarica suppliedto soil upto 120kgN/ha/yr (Temul986).
The fertilizer value of a green manure crop depends
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manure crop dependsThe fertilizer value of a green

especiallythe amount of nutrients it can supply,on
ofnitrogen. therefore that the abilityfollowsIt

nitrogencertain plants, especially the legumes, to fix
ofhas an important role in their choice as sources

green manure.

Use of legumes for green manuring2.2
manuringforDifferent legumes usedare green

conditions,climaticdepending soil conditions,on
Inland and farmers' food habits.pressure on

include sunnhempusedthe legumes commonlyIndonesia,
1978). Tnlunatus (Hod i ono and Hartonoand Phaseolus

with sunnhemp,commonly donegreen manuring isBurma,
and greenblackaculeata,Sesbania gramgramcowpea,

bean(Thant 1978). Green gram, mungpeas, cowpea,
usedsunnhemp are commonlylentil and(Vigna radiata),

decidedand Misra 1978) .(VidyarthyIndiain A
advantage of legumes is their ability to fix nitrogen.

manuring is still notTanzania, veryIn green
missionariescommon with many farmers.

introduced the usein Ruvuma region in southern Tanzania
1986).of Crotalaria ochroleuca as early as 1939 (Ruper

ochroleucahave now adopted the use of C.Some farmers
improve soilmanuring in fertilityorder tofor green

and other soil conditions. Likewise the use of Leucaena

However, church
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conservation,leucocaphala, for soilin alley cropping

A good example of this practice canis being advocated.
seen in thebe

thesoil conservation is underway. However,on
potential of these green manure
and L. leucocephala), when used N inas sole sources of

inhas not been fully evaluatedannual crop production,
Tanzania.

beenseveral other plants haveApart from legumes,
algaethem are blue-greenused as green manures. Among

the waterwith Azolla,in association a
2% N.of other aquatic weeds which may have 1number

may bethese aquatic asTn green manures
richer than, many terrestrial greennutrient-rich as, or

needed,deterrent to their use is bulk
92% (Rogerdue to their high water

labourrequire a highwhich willWatanabe 1984);and
input.

characteristics whichcertain desirableThere are
be effective asin order for them tomust haveplants

Such characteristics include:green manure.

toadd substantialAbility to amounts of nitrogena.
the soil.

some cases,

manures. A major

Usambara mountain areas, where a project

content, up to about

species (C. ochroleuca

hyacinth, and
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and fast growth that producesb. Ease of establishment

tops and roots in a shortlarge amount of succulent
time.

ofon poor soils where the benefitAbility to growc.
green manuring is most needed.

in the aboveBy a large measure, legumes generally excel
thus, been the popular choicecharacteristics, and have,

for green manuring.

2.3 Factors affecting nitrogen fixation in legumes
fixationsymbiotic nitrogenefficiency ofThe

the plant,of growth ofdepends on plant species, stage
Barnes 1984).conditions (Heichel andsoil and climatic
reviewed onlyfactors, though important. will beThese
scope of thebriefly since they are somewhat outside the

present study.

Legume and rhizobia species2.3.1
must bespecies to fix nitrogen itFor any legume

rhizobialwith specific compatibleassociationin a
such(Brady 1984) . toitsspecies in roots Due

been classifiedin thelegumes havespecificity, past
eachclassical inoculation groups"into several "cross

specificthought be compatible withof which was to
nitrogen fixingofspecies bacteria of the genus

classicalThe speciesRhizobium. specific rhizobial
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phaseoli;R.

leguminosarum The correspondingand R. meliloti.R.
plant groups are clover, soybean, bean, pea/vetchlupin.
and alfalfa, isrespectively (Brady it1984). However,

recognized that the bacteria which nodulate legumesnow
and which were considered under the general nameto be
"rhizobia" belong to genera: Rhizobium,than onemore

Azorhizobium(JordanBradyrhizobium 1984 ) and1982,
All the strains(Semu, E. Personal communication 1991).

include R.of the are fast growing andRhizobium genus
fredii .meliloti , loti and1eguminosarum, R. R. R.

Rhizobium leguminosarum results from the fusion of three
trifolii andphaseoli, R.classical species namely, R.

comprisesThe genus Bradyrhizobiumleguminosarum.R.
former Rhizobiumall slow-growing strains of the spp.

CurrentR . japonicum.and(the miscellany)cowpea
to resolve newadvances of rhizobial taxonomy are likely

species or subspecies.

pulseof nitrogenGenerally, the fixed byamount
kg/ha/yr dependinglegumes is in the order of 40 to 200
done in Tanzania,1972) . a studyspecies (Date Inon

(1982) reported that a fourHogberg and Kvarnstrom year
old crop of Leucaena leucocephala 140 kgcould fix 80
N/ha/yr.

were R. trifolii; japonicum; R. lupini; R.
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2.3.2 Stage of growth

fixation changeshas been shown thatIt nitrogen
In perenials,with stage of growth of the legume plant.

insymbiotic Butactivity peaks during mid season.
floweringannual legumes it is maximum at the onset of

of the tendency of(Heichel and Barnes 1984). Because
period of maximumnitrogen fixation to peak in the early

forflowering, cons ideredthis period optimumwas
source ofharvesting Crotalaria green

manure (Temu 1986).

Soil and climatic conditions2.3.3
nitrogenaffectclimatic conditionsSoil and
texture,moisture,effects of soilfixation through the

ofallandcompaction, nutrient content temperature,
inconductedgrowth. Studieswhich influence plant

different locationsrevealed that soybeans atMinnesota,
to 140fromlevels ranging 90could fix nitrogen at

climaticof varying soil andresultkg/ha/yr as a
experimentsand Barnes 1984).conditions (Heichel Tn

sunnhemp,efficiencythe ofconducted to compare
(1965) found thatet al.Sesbania and Vigna spp. Panse

lowsunnhemp performed better than the other legumes in
performUppal (1955) found Sesbania torainfall areas.

better than sunnhemp and cluster bean in alkali soils.

zanzibarica as a
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itsand2.4 Decomposition of manuregreen

significance to soil fertility

2.4.1 The decomposition process
The release of nutrients from green manure occurs

theduring isthe process • of decomposition. This
intomaterial is degradedprocess by which the organic

simple forms higher plants orwhich can be taken up by
oxidativemicroorganisms. It is a series of enzymatic

organisms, which obtainsteps performed by soil energy
amino acids in the organic material.from the sugars and

for microbialsimple substances/products usedThe are
protoplasmic synthesis.

in three stages.The decomposition process occurs
material is oxidized tofirst instance the bulkIn the

essentialand Concomitantly,produce HD energy.
S are released or immobilizedP and

the elements.ways/rates quite unique each oftoin
microbialwhich resistantcompoundsLastly, toare

undecomposedleft constituentsaction asorasare
resistant products of microbial synthesis.

Factors affecting decomposition2.4.2
Decomposition of organic materials, including green

largely influenced byis substratesoil andmanure,

02,
elements, notably N,
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factors (Parr reviewedand Papendick 1978). These are
as follows:

Soil factorsa.
Soil factors which have influence onan

decomposition moisture,includeof green manure
temperature, oxygen supply and pH.

Unfavourable soil moisture conditions such as water
oflevelsinadequatesaturation moisture toor

microorganisms,harmfuldesiccation be to somecan

Increasingleading retarded decomposition.to

temperature from 20 to 60s C will accelerate decomposition
higheractivated.microorganismsbecause Atare

andbacterianumberactinomvcetes out-temperatures
and Campbell 1971). temperaturesAtfungi (Biederbeck

1968).is slowed (Stefaniak20®C decompositionbelow
fast decomposition rate andAerobic conditions favour a

favourable forto 7.5 seems to be quitepH range of 5.5

optimum decomposition rate.

Substrate factorsb.
decompositionSubstrate factors which can influence

composition, specifically ratio,chemical C/Ninclude
tannin and applicationlignin content method ofor

the last is(placement). more of a managementHowever,
aspect than substrate factor.
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plant materialThe major organic constituents of

are divided into six broad categories that is :
andCellulose, Hemicellulose, Ethersolubles,Water

alcohol solubles, Proteins and Lignins (Alexander 1961).
hemicellulosesOf the six constituents, celluloses and

protein and amino65%, lignin 25% while30 8are
As theacids (Flaig 1984).of the biomassare 1 5%
ligninfibre andits biomass,green manure crop grows

decomposition,which greatly affect itscontents,
the same C/N ratio increasesincrease. At

lessthe materialAll these trends makewith age.
decomposition of plant materialdecomposable. Normally,

lowto theis slow owingof C/N ratio wider than 30:1
mineralmaterialssuchof nitrogen.content For

ofdemandsbe added themeethas to tonitrogen
Papendickanddecomposition (Parrinmicroorganisms
succulentdecomposition ofthe other hand1978). On

hence have a narrowmaterials which are rich in protein,
with aLeucaena leucocephala,is very fast.C/N ratio.

much as 50% incould decompose by asC/N ratio of 10:1,
Personal communication 1989).six weeks (Msumali, G. P.

is not enoughthe C/N ratio concept itselfHowever,
ifdescribe the pattern of decompositionto adequately

alsolignin tanninthe contentsplants 1 or are
C/N ratiossubstratesThus, with similar. considered.

may differ in lignin or tannin contents. This fact has.

time, its
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plantthe choice ofimportant bearing on

species for green manuring.

ofaffect the speedThe method of application can
Parker (1962) reported 65%manure decomposition.green

decomposition in 140 days for buried and surfaceand 50%
Brown and Dickey (1970)applied material, respectively.

plantand 22% forlosses offound weight 31%93%,
placed 12 cm in theresidue which was

18and 2.5 cm above the soil,surface,
findings,abovethemonths. contrary toHowever,

effectGoodding and McCalla (1945) found no differential
of substrate position on decomposition rate.

Effect of green manuring on soil properties2.5
soils’several effectshasGreen onmanure

(Ayanabapropertiesand biologicalchemicalphysical,
1976 and Soffes et al. 1980) in

the following ways:

Effect on physical properties2.5.1
afteradded soilorganic matter toThe

ofin the formationgreen manure aidsdecomposition of
Josephstable aggregates (William andlarger and more

size characterises soil structureThe aggregate1970).
distribution, influenceboth ofsize whichand pore

soil, on the soil

and Okigbo 1974; Sanchez

therefore, an

respectively, for
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holding capacity of theaeration, temperature and water

of soilsoil. has been found levelIt that at any
havemoisture, soils with matter contenthigh organic

mattermore available water than those with low organic
soilConsequently(Lalcontent and 1985).Kang

crusting, bulk density, runoff and erosion are reduced.

soil structure by organic matterThe improvement of
(Brady 1984) which is the final materialis due to humus

organicallofof decompositionin the course
cohesion,andplasticitylowsubstances. Humus has

aggregate formationfavourable effectsit hashence on
and stability.

Effect on chemical properties2.5.2
can influencelike all other manures,Green manure,

Beneficial(Sanchez 1976) .propertieschemicalsoil
effects of green manure
as follows:

andnitrogen, sulphurmost of thecan supplyIta.
by crops.phosphorus takenofsmall amounts up

inis contained80% of soil nitrogenAbout 20
Flaigbvcited(Stevenson 1982organic matter

slowlyare releasedand sulphurNitrogen1984) .
thusorganic materials during mineralization,from

on soil chemical properties are
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and Bolle-reducing their loss by leaching (Evans

Jones 1978).

capacityb. It can supply most of the cation exchange
Thisespecially soils.in acid, highly weathered

of pH-dependent negativeis due to the high density
humus is aboutcharges on the humus. The CEC of

ofthatme/100 g,which is nearly times350 30
kaolinitic clays.

form complexesOrganic matter from such manures canc.
thusand aluminium.amorphous oxides of ironwith

In thiscrystallizing.frompreventing them way
improvedbethenof phosphorus canavailability

block the P-fixation sites.because those complexes
reported an increase inSingh and Srivastava (1971)
soil phosphorusavailability of nativethe aas

chelation,Throughmanuring.result of organic
facilitatealso knownis toorganic matter

iron,suchmicronutrientsofavailability as
(Brady 1984).cobaltandzinccopper,manganese,

is important particularly in calcareous soils.This
excessive quantities of organic matter mayHowever,

formingavailability bydecrease zinc or copper

sometimescomplexes whichmetal-organic are

immobilized (William and Joseph 1970).
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2.5.3 Effect on biological properties

biological propertiesinfluences theGreen manure
forof the soil since and carbonit provides energy
ofsynthesis of new additionmicrobial tissue. Any
ofstimulate growthorganic material to the soil will

the soil organisms, whose population will change as a
response to addition of readily decomposable material.

reduceIt has been reported that
al.Soffes etcrop infestationor increase by pests.

used(1980) investigated of several legumesthe effect
foundTheyfor green manuring on nematode populations.

hirsuta), pigeonthat hairy indigo (Indigofera
thatcontrolled nematodes, butgenerallyCrotalaria

and Sesbania increased root-knot, ringlablab, mung bean
(1970) reportedLindermannematodes.and stubby root

root rot in tobacco was increased by application ofthat
organic manure.

Interaction between green manure and inorganic2.6
fertilizers

usingminimise fertilizer bycostsFarmers can
lowshow thatis enough data toTheregreen manure.

whenlevels combined with leguminous greenfertilizer
in yieldresult increases equivalent tocanmanures

by high levels chemical fertilizerattained ofthose

green manure can

pea and
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applications. cited by Brom and Van der WaiKang (1982)

field(1988) obtained comparable
N/hatreated with 80 kg120 kg N/ha and another with
Thecombined with Gliricidia sepium manure.green

yields grainand 2,611 kg of maize2,735 perwere
(1983)hectare, respectively. MabbayardOgbonna and

ofcombinationreported high maize yields from a
low nitrogen fertilizer.and MaizeStylosanthes grown

ofmanure with additionwith 90 day Stylosanthes green
gave grain yieldskg P, 0 and 30 kg K, 0/ha30

levelsN with comparablecomparable to that given 90 kg
Tiwarirespectively).and K (4.38 and 4.74 t/ha,of P
40 kgSingh (1984) reported that(1980) cited byet al.
withwellcomparedmanuringwithN/ha along green

ingreen manuringwithoutof 120 kg N/haapplication
theirthe soil,nutrients inavailability ofterms of

uptake and subsequent rice yield.

Effect of green manure on crop yields2.7
response of cropsMany reports are available on the

by as muchyield increasesOverallmanuring.to green
and(Hodionoreported in Indonesiabeen20% haveas
thatfoundKolar and Grewal (1981)1978).Hartono

CrotalariaVigna sinensis, andesculentus ,Sesbania
juncea when incorporated into the field 50 orafter 40,

90 or 120 kg N/hagrowth with or without 60,60 days of

yields of maize from a

kg N, 30
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comparedresulted in yield increases of 18 to 20% as

with yields from notplots where wasgreen manure
by(1981) citedapplied. Bhardwaj, Prasad and Singh

yieldand der Wai (1988) reported 22%Brom Van a
withincrease for rice result of green manuringas a

Yield from green manured fieldSesbania cannabina. was
from3930 kg/ha grain/ha was obtainedwhile 3224 kg of

untreated field (control).

Timing of green manure application2.8
that the time ofEffective green manuring requires

nutrient release from green manure coincide withmaximum
for thepeak demandthe time when the crop exerts a

(1965) observed that when usingPanse et al.nutrients.
therice yields decreased asold Sesbania.eight week
andplowing-under of theinterval between manure

from zero to eight weeks.planting of the rice increased
eightold green it took almost12 weekFor a manure,

by1964 cited(Vachhani andto decomposeweeks Murty
time ofof plantThe effectSingh 1984) . atage

andrelease of organic P by Sesbaniaincorporation on
maximum(Indian clover) showedalba thatMelilotus

in the soil occurred after 30 daysincrease in organic P
But itof a 60 day oldof decomposition manure crop.

to 90 day old manure to attain thetook 60 days for a 75
maximum increase in organic P in the soil.
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Problems of green manure use and management2.9
There is no dispute about the role of green manures

The capacitysources of organic matter and nitrogen.as
nutrientsof green manure to mobilise soil-P and other

besides their beneficialis also recognised. However,
doeffects limitationsagricultural soils, a fewto

exist with regard to their use and management.

consumingare bulky, requiring timeThe materials
collecting.of establishing,and labour intensive work

considerableand application. takestransporting It
nutrientsuntil thethe time of applicationtime from

experiment to compareFor example in anare released.
anhydrous ammonia and legumes aseffect ofthe green

(1984) foundal.Curtis etmanures on cotton production,
higherfirst few years ammonia producedthat during the
afterthan thecotton yields However,green manures.

followingfromyields cotton greenseveral years,
receivedthose where the cottonequalmanuring began to

seed cottonDuring the following twelveammonia. years,
vetch ( Vicia vilosa)yield from soils amended with hairy

kg/ha higher than plots fertilized with 62was about 360
toammonia. Similarly, in a threekg of nitrogen as

on alluvial soil in India,experimentfour year green
aculeata,Sesbania Crotalaria juncea,ofmanures

not affectand Vigna radiata didamericanumPenisetum
yield in the firsttuber two to three yearspotato
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(Sharma al. 1985) . These of literatureet sources
indicate the need for continuous use of green manure,

rather than sporadic for effectivenessits asuse,
fertilizer to be realised.

The other constraint is the fact that green manure
fertilitybe the complete solution soilcannot to
good atproblems. Leguminous manuresgreen are

supplying nitrogen because of the nitrogen fixing
the other nutrientsproperty of such plants. But may

chemical fertilizers,have to be added to the soil, as
when they are deficient.
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3.0 MATERIALS AND METHODS

The intention of thethis study was to investigate
decomposition rate and nutrient (N & P) release patterns

ochroleuca underof Leucaena leucocephala and Crotalaria
A laboratory study was preferredlaboratory conditions.

environmentalfield one for better control ofto a
conditions.

Soil sampling and analysis3.1

Sampling3.1.1
a site insoil was taken from15 cm)Surface (0
kilometrenamely one-quarterUniversitythe Campus,

flats,Miembeni staff housingof theuphill (south)
N and P.and availablein totalvery lowto beknown

tocarriedfirst outanalysessoilRoutine were
biologicalandphysico-chemicalsoilthedetermine

andfirst groundThe soil samplesproperties. were
determination ofpassed through a 2 mm sieve, except for

biological properties and available nitrogen.

Physical properties3.1.2
determined using theSoil texture Bouyoucoswas
described by Themethod (1965).hydrometer Dayas
used to soil’striangle arrivetextural theatwas
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textural class. The moisture content at field capacity
was determined approximately 50% of the maximum wateras
holding capacity. The latter was found by the capillary
method as described by Childs (1979).

3.1.3 Chemical properties
Soil measured electrometrically inpH was

W/W) soil-water suspension procedureaccording to the
described available nitrogenby Juo (1978). Total and

digestion-determined Macro-Kjeldahlby thewere
methods,distillation, distillationand steam

bydescribedrespectively, according proceduresto
1965b). Extractable phosphorus(1965a,Bremner was

methodand (1945)theobtained by KurtzBray as
determinedOrganic carbon wasdescribed by Juo (1978) .

(1945)method of Walkley and Blackby the wet-oxidation
as described by Juo (1978).

bydeterminedcapacityexchangeCation was
ions (Na’ , K. Mg ) wereand CaThe basicsummation.

from the soil's exchange sites by NH* which wasreplaced
Thethe soil (Chapman 1965).as INadded NH, OACto

atomicthose ions foundof byconcentrations were
and(Dale andspectrometry 1982)absorption Norman

expressed as me/100 g oven dry soil.

a (1:1
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determinedExchangeable aluminium and hydrogen were

as follows: The exchangeableaccording to Mclean (1965),
determinedacidity was first extracted with IN KC1 and

Thereafter 4%by titrating the extract with 0.1N NaOH.
titrated solution to change A1(OH)3NaF was added to the

titratingwas obtained by• to NaAlFs . The amount of Al
The amount of H*using 0.IN HC1.the NaOH so formed, was

difference between exchangeable acidity andgiven by the

exchangeable aluminium. The
the individual ionic concentrations determined above.

Viable microbial count3.1.4
profound influenceMicrobial activities have a on

governedin turn,Such activities are,soil fertility.
The additionthe microbial populations.by the size of

oftenresiduesorganicmaterialof fresh plant or
andpopulationmicrobialofresults in upsurgean
toin this study,desired,It was thereforeactivities.

microbialinchangesrelateand totryobserve
addeddecomposition of thethe greenpopulations to

thewere determined atviable countsHencemanure.
intervals ofthe fourexperiment and atof thestart

weeksnine andsix, 12three,namelysampling.
thereafter.

done byof the microbial count wasDetermination
(1982) .technique as described by Wollumthe pour plate

CEC was given as the sum of
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The growth medium in this soildetermination was the
extract et al .prepared according Parkinsontoagar,
(1971),

All the inabove soil characteristics are shown
Table the3.1. -the table,From it is thatseen
relatively low andtotalcontents of organic carbon,
available cationnitrogen. extractable phosphorus and

low fertility s’tatus ofexchange capacity underscore the
this soil isthe soil. The viable microbial count in

lower than that fertility,expected in soils of average
which may be expected have high CFUto as as

theindication of(Alexander, 1977). This is another
low fertility status of this soil.

Green manure plant materials3.2
and allowed towas establishedCrotalaria cropA

use ingrow for eight weeks before it was harvested for
the plantsof harvestingAt the stagethe experiment.
succulent.just started to flower and were stillhad

standsfrommaterial obtained existingLeucaena was
theUniversity campus. Eight weeks beforearound the
theforbe collected the experiment,material was to

experimentalpruned so thatplants were theLeucaena
eight week succulent regrowthwould involve anmaterial

107

as described by Wollum (1982).
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ofTable 3.1: physico-chemical characteristicsSome

the soil used

Characteristic Value

45%
6%

Sand 49%
Textural class Sandy loam
Moisture content at field

24.4%
5.00

0.83%
0.07%

14.0 ppm

K+
H'

’ Oven dry basis
* CFU = Colony Forming Units.

Mg+
Na +

Cation exchange capacity 
(by summation)
Total microbial count

1.2 ppm
0.38 me/100g+
0.75 me/lOOg
0.60 me/lOOg
0.58 me/lOOg
2.27 me/lOOg
0.26 me/lOOg

4.84 me/g
1 172 210 CFU* /g

Clay
Silt

capacity
pH (soil:water, 1:1 W/W) 
Organic carbon 
Total nitrogen 
Available nitrogen 
Extractable P (Bray-Kurtz 
No. 1) 
Ca++

Al+++
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just as would be for the Crotalaria. In both cases only
stems and leaves were used, but not roots.

Each of the plant materials used in this study was
analysed to determine the moisture content, the organic
carbon, nitrogen and phosphorus contents (hence C/N and
C/P ratios) prior Plantto incubation with the soil.
samples were first oven dried (60’C) and ground into fine
material (1.0 mm mesh) before analysing abovefor the
chemical properties.

that usedFor organic carbon, the same procedure as
for of soil carbonthe determination organic was

3.1.3). Total nitrogenfollowed (see section was
theprocedure followed fordetermined using the

(see sectiondetermination of total nitrogen in the soil
of organic phosphorus,the determination3.1.3) . For

at leastashed (450 - 500’C) forplant samples were dry
the P (now in ash) was dissolved in INandfive hours.

and reignited at 40CfiCThe solution was evaporatedHNO, .
minutes after which it was dissolved in INfor 10 15

severalfollowed additionfiltered, by ofHC1 and
ofto obtain the required volumewashings using 0.1NHC1

determinedPhosphorus content was thenthe filtrate.
by the method of the ofcalorimetrically Association

Agricultural Chemists (AOAC) as bydescribedOfficial
Juo (1978) .
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Table shows different3.2 the values of the

parameters determined thedescribed above. Fromas

table it can be seen that except for organic phosphorus
and C/P did notratios, the manure plantstwo green

namelydiffer much in their characteristics,very
content, total nitrogen, organic carbon and C/Nmoisture

ratio.

Plastic litter bags3.3
7 mm mesh)Standard litter bags cm with(30 x 30

theto contain(Anderson and Ingram 1989), were used
of whichdecompositionmaterial the wasgreen manure
was possibleBy using such bags itbeing investigated.

prescribed periodsto retrieve undecomposed litter after
overestimate(section 3.5)of incubation not to

plantunretrieveddue todecomposition ratesthe
of the bags wereinside surfaces,lower,material. The

mesh material (mosquito plastic net) tolined with fine
whichundecomposed leafletsto soil oflessen losses

large (7 mm mesh) openings of thecould pass through the
litter bags.

Incubation vessels3.4
trough of 1190rectangular wooden x 20 cmx 45A

troughThe insideconstructed. of thedimensions was
leakproof.with plastic material to make itwas lined

of(as plots)partitioned into 34 compartmentsIt was

so as
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Table 3.2 : Some properties of the green manures

used. at the time immediately prior to
incubation with soil

Characteristic Green manure
C. ochroleuca L. leucocephala

(ovenMoisture content
86. 7'Z 787.dry basis)

4. 27.5. 27.Total nitrogen
40. 17.41. 57.Organic carbon

34702600Organic phosphorus ppmppm
9.8:18: 1Carbon/nitrogen ratio

117:1160:1Carbon/phosphorus ratio
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equal size (35 x 45 x 20 cm), each enough to accommodate
one litter bag. hardPartitioning was done by using
board which was plasticitself lined with impervious
material theto prevent contamination betweencross

kgplots. The plots were each loosely filled with 30
of the air dry soil (described in section 3.1).

3.5 treatments,Green manure
followingmonitoring of changes in soil properties

green manuring

Treatment allocation and experimental set-up3.5.1
leguminous speciesPlant material of the two was

were then eitherloosely packed in the litter bags which
soilplaced on thecm) orthe soil (8 - 10buried in
forincubate at room temperatureleft to

The rate of12 weeks. green manurethree,
kgN/hacould providewhich 60thatapplication was

arrived atThis was(assuming complete decomposition).
Based on the moisture and nitrogen contentsas follows:

ofmaterials (Table 3.2) and the amountof the plant
Crotalariaof fresh130.345 gkg) ,plot (30soil per

Leucaena (6.7 ton/ha)
the desired level of 60 kg N/ha.were weighed to provide

was regarded the rateN/ha of nitrogenThe 60 kg as

(8.7 ton/ha) and 98.465 g of fresh

six, nine or
surface, and

incubation, and subsequent
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input at which plants fairlywere expected to perform
well when the nitrogen an infertile soiladded towas
(such as that used in the present study).

Thirty two litter bags were filled with the manures
(16 with Crotalaria and with Leucaena) to16 asso

six,suffice sampling at four intervals. namely three,

nine and 12 weeks after the start of the experiment.

theThe time of sampling/incubation refers tozero
initial characterizations of soil and greenthe manure

3.2,andmaterial reported in Tables 3.1as

Crotalariarespectively. Of the 16 litter bags with

whilethe soileight were incorporated (8-10 cm) into
surface.soilthe eight were placed theother on
surface-placed on of theobjects topHeavier were
soil.ensure good contact with the Aapplied bags to

bags containingsimilar arrangement was followed for the
in whichtwo control plotsThere were greenLeucaena.

The experimental design was anot included.manure was
x 5 factorialrandomized design in a 2 x 2completely

sources of twothat is twoarrangement, green manure,
times/incubationand five samplingmethods,placement

periods.

period of incubation,Throughout the 4except 3
soil moisture in thesampling, the plotsdays prior to

maintained at around field capacity. This was donewas
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follows: Having determined moisturesoiltheas

24.4% (Table 3.1),
a small experiment was conducted to determine the rate
of water loss by evaporation the room temperatureat
conditions in which conducted.the experiment was to be
This contentachieved by determining moisturewas

Tablechanges for five shown inconsecutive days, as
data it determined that it wasthese3.3. From was

every plot on everynecessary to add 300 ml of water to
fieldfourth day so approximately maintain theas to

capacity condition.

Sampling and monitoring of chemical properties3.5.2
incubating the greenAt three weeks after manures,

replicates of thewere taken from twotwo samples same
and soilThe litter bags were first removed,treatment.

sampling.cm beforeto a depth of 10mixed thoroughly
other sampling timesof thedone at eachThe

that overall each plot was sampledusing fresh plots, so
the soilDetermination of microbial count inonly once.

it.without drying or grindingfresh soilwas done in
thenot allow for immediate determinationWhen time did

less than 48 hours. Thesoil
inusing the procedure describeddetermination was done

section 3.1.4.

same was

retention at field capacity which was

was stored at 4s C but for
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Table 3.3: Rate of moisture loss from the experimental

leading to determination of amount andsoil,

frequency of water replenishment

6 770.001 24.4
144.106 626.402 23.91
296.70*6 473.803 23.36
487.706 282.8022.674
942.205 828.3021.035

maintain the field capacity condition.To approximately
300 ml of water was added to each plot every fourth day.

Time of 
incuba­
tion 
(days)

Weight of water 
per plot (g)

Soil moisture 
content on - 
oven dry 
basis (%)

Weight of water 
lost per plot

(g)
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During sampling, the plant material that was placed

on the soil surface
the litter bags and carefully removing out the material.
Any material that had fallen onto the soil was picked by
using incorporatedpair of forceps. the soilFor

unearthed and brushedthe litter bags weregreen manure.
lightly thesoil thatto had adhered ontoremove
outside. This was done while holding tightly the open
ends fromof the bags loss of materialto prevent

followedinside. was then removed.The plant material
bythe litter materialby separating of particles from

1 andsuccessive sieving using 0.8 mm sieves. For2,
was simultaneously splashedthe 0.8 on

soiladmixture break adheringthe soil-litter to
the sieverid of them throughand to getaggregates

thehad fallen toAll litter material whichopenings.
using forceps and,collected byplots wassoil in the

appliedsievingsuccessivewhere aswasnecessary.
described above.

The plant residue samples were oven dried (603 C) and
thepass through mm mesh sieve usinga 1.0ground to

mill. The followinglaboratory parameters wereLABO
determined as in sections 3.1.3 -4 and 3.2.

was easily retrieved just by lifting

mm sieve, water



36

Residual1. dry organic(gravimetrically),matter
carbon, total nitrogen inand organic phosphorus
litter material.

Total microbial count in the soil.2.

thedataThe were analysed statistically using
and Hillsfactorial by Littlearrangement as described

( 1978) .

thematerialresidualtheFor green manure

were presented as percentageparameters determined above

This presentationapplied.original quantitiesof the
quantitiesusing the absoluteto that ofwas preferred

decomposition trendtheablebe to compareas toso
representingis 100%.against a

originally applied. Microbial countthe quantities was
handling of thefor easy

data in the statistical analysis.
converted and presented as logt!1

common reference, that
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4.0 RESULTS AND DISCUSSION

4.1 Decomposition of green manure and its nutrient
release

was ratedThe decomposition of the green manures
dryusing four changes/decreases inparameters, namely

organiccarbon.organicmatter, total nitrogen and
in thesephosphorus. To be able to compare the changes

percentvarious they expressedparameters, were as
referencetheresidual values relative to 100% as

valuesUsing the absolute (determined)starting point.

was deemedcomparison impossible.would render such It
wouldmultivariate comparisonthat suchreasonable a
of theof decompositioncharacterize thebest pattern

than only one parameter would.green manures. more

Residual dry matter4.1.1
theinfluencedtimeincubationOverall,

lower residual dry matterresulting indecomposition,

fast(Fig. 4.1).with longer incubation periods It was
ofweekthe sixthperiodinitial up toduring the

time nearly 50% of the material hadincubation, by which
slowerDecomposition muchdecomposed.already was

thereafter.
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Fig. 4-1. Overall changes in dry matter of Crotalaria and 
Leucaencr green manures with time of incubation 

(^Averaged over sources of green manure and 
methods of placement)
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The results of this further revealed thatstudy

there was no significant difference between(P = 0.05)
the rates whichat the namelytwo green manures,
Crotalaria and Leucaena, decomposed (Table Thus,4.1) .
those rates were averaged as shown in Fig. 4.1.

Placement method influenced theat whichthe rate
two decomposed. Incorporated manuregreen manures
decomposed than thatsignificantly (P = 0.05) faster
which was surface applied (Table 4.1, Fig. 4.2).

Decomposition is a biological process which occurs
of the substratewhen microorganisms utilize the carbon

protoplasmforof and carbonenergyas a source
introduced to soil,when organic material issynthesis.

withTo beginto scavenge on it.microorganisms start
andpopulation increases very rapidlythe microorganism

f ast.material disappearsdecomposingthe very

thestudy,results of thethe presentAccording to

of fast disappearance of the decomposing materialperiod
weeks after the onset of incubation ofwas the first six

the green manures.

of manure decompositionThe decreased rate green
after the sixth week may be explained as follows:
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Table 4.1 Effect of source of green manure and method of its

placement in soil on residual dry matter, averaged

over all sampling times

Source of green manure

'x residual dry matter

62.1551 . 70Crotalaria ochroleuca 72.61

+ 5.02

66.5853.62Leucaena leucocephala 79.53

52.6676.07

5.02+

15.9+

LSD for method of 
placement means (P=0.05)

Method of placement 
means

LSD f oi- 
sou roe of 
green 
manure 
means 

(P = 0.05 )

Surface- 
applied

LSD for Table body values 
(P = 0.05)

Source of 
green 
manure 
means

Method of placement 
Soi1 -i ncor- 
porated
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With time (i.e. after thesix weeks incubation)
substrate have become easilydepleted ofmay
decomposable material whichcomponents, leaving behind

was relatively to microbial degradation.more resistant

Therefore the rate of decomposition (i.e. disappearance
of organic study,material) decreased. In the present

after incubationthis situation was reached six weeks
with thewellstarted (Fig. 4.1) . Thiswas agrees

that a(1984) who foundet al.results of Reinertsen
readilycrop residuessoluble component ofwater was
(1986)Smith and Peckenpaughdecomposable . Similarly
easilyand othersolublethefound that water

of several cereal-grain strawsdecomposable fractions
first 67faster during thewere decomposed considerably

infield, resultingin theincubationdays of
theweight ofresidualin thesubstantial decreases

materials.

ofin thedifference rateobservedThe
soil-incorporatedof surface-applied anddecomposition

due to more contact between themay have beenmaterials
thein the ofthe soiland casegreen manure

enabling greater contactmaterial, therebyincorporated
This may be the case becausewith soil microorganisms.

stimulated microbial growth toincorporated amanure
surface-applieddid thethangreater extent manure

(Section 4.1.5).
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Similarly it also thebe considered thatmay

intermittently lower moisture surfaceof thestatus
soil, of the surface losing moisture faster
than the substrate, forcould be additional explanation
the reduced rate of decomposition of the surface-applied

becompared to the soil-incorporated It maymanures.
mentioned here that although ml of300 water were
replenished in the soil after every so as tofour days

capacity,maintain moisture conditions at around field
suchit ofvisually observed that at the timewas
thethanthe surface less moistreplenishments was

surface-appliedBent (1986) reported thatsubsurface.
datesseveral samplingdrybarley straw asonwas

and Normancompared with incorporated straw; Bartholomew
atofdecomposition oat strawobserved slowed(1946)

andin the substratelevels below 60%moisture content
it ceased completely at 16%.

ofdecompositionofthe rateinDifferences
have alsosoil-incorporated manureandsurface-applied

and Dickey (1970),been reported by Parker (1962), Brown
communication,g.p. (Personaland Msumali,Bent (1986)
decomposition(1962) reported 65 and 50%Parker1989).

surface-appliedof incubating buried andafter 20 weeks
(1970)respectively. and Dickeymaterials, Brown

of 93 and 31% for plant residuesreported weight losses
placed 12 cm deep in the soil and on the soilwhich were

as a result
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surface, respectively, for (1986)18 months. Bent
observed weight losses 90 andamounting to 36%80
after 12 months of andincubating soil-incorporated
surface-applied barley Msumalirespectively.straw,
found buried have decomposedLeucaena to greaterto a
extent (50%) that whichin six weeks compared to was
surface-applied mulching,(33%). effects oftheBut

soilofthose conserving moisture and regulating
addedconsideredshould also betemperature, as

inapplication of greenadvantages of surface manure
addition to nutrient release considerations per se.

Residual organic carbon4.1.2
trendfollowedcarbonorganicresidualThe a
4.1.1)dry matter (sectionthat of residualsimilar to

increasedperiodincubationit decreasedthatin as
in thewas fasterrate of decreaseThe4.3) .(Fig.
carbonfirst six weeks of incubation, whereby 50% of the
slowermuchof lossThe ratelos t. waswas

hadthe materialthe twelveth weeksubsequently. By
carbon. Thereorganicitsoflost 69% nowas

of= 0.05) between the trendssignificant difference (P
(Tableand Leucaena manurefrom Crotalariacarbon loss

organicIncorporated green manure lostFig. 4.3).4.2,
carbon faster than the surface-applied one (Fig. 4.4).
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Tab! e Effect of4.2 manure and method of itssource of green

placement i n carbonsoil res idual organ!con

averaged over all sampling times

Source of green manure

(P=0.05)

-- % residual organic carbon
57.9249.15Crotalaria ochroleuca 66.69

+ 0.57

58.0145.8670.15Leucaena .1 eucocephala
47.5168.42Method of placement means

LSD for method of placement
+ 0.57( P = 0.05)means

i.SD for Table body
+ 1.8va 1ues 0.05)( P =

Method of placement 
Surface- 
applied

Source of 
green 
manure 
means

.Soil-incor- 
'porated

LSD for 
source of 
green 
manure 
means
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The faster rate of organic thecarbon decrease in

first six weeks may be due to fast rate of decomposition
of readily decomposable compounds. (1977) hasAlexander
categorised simple aliphaticamino acids andsugars,
acids as water soluble bewhich, he wouldconsidered,
the first to andbe decomposed followed by cellulose
hemicelluloses. After the six weeks, presumably more
resistant compounds reducingremained, thus

decomposition rate bestudy.in the present This may
they exhibitedof both manure materials sincetrue a

similar trend of decomposition.

and Hajra (1972) studied the transformationDebnath

mineralizationin soil in relation toof organic matter

studyavailability. Theirto nutrientof carbon and
and rice straw.Sesbaniafarm-yardutilized manure,

onset of48 hours after thewithinThey found that
subsequentactivity shot up, withincubation microbial

nine weeks, changesAfterdecreases in residual carbon.

study,minimal. anotherresidual carbon Tnin were
decreases in residualAmato et al. (1984) reported rapid

afterthe initial four weeks,C of Medicago spp. during
The findings just citedsmall.which changes were were

materials whichusingobtained weremanuregreen
in the present study.different from the ones used Yet

shown a trend similar to those of theresults hadthe
present study.
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The observed similarity in decomposition of organic

carbon compounds of the two green manures in the present
study may be an materialsindication that those plant

contained similar easily decomposable carbonamounts of
had differed substantiallycompounds. If the two plants

in decomposabletheir ofcontents readilysuch
compounds, be conceivable differencesit may that some

decompositionwould also have been in theirobserved
conclusionconsistent with theThis view ispatterns.

(1984) that the different patternsAmato et al.made by
decomposition in different parts of Medicagoof spp.

theirinparts differed mainlythosesuggested that

Thesedecomposable substances.readilyofcontents

incubation,4 weeks ofobserved that afterworkers had
and root materialpercent residual in the leaf, stem

contents70 and 80% indicating that thedeclined to 62,
leavesdecreased fromdecomposable substanceof easily

to roots.

incorporatedcarbon in theoflossfasterThe
due to improvedsection 4.1.1) may be(see alsomanure

a greater population ofmanure andbetween thecontact
involvingconsiderations,Thesemicroorganisms.soil

inare discussedmicroorganisms, furtherrole ofthe
section 4.1.5.
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4.1.3 Residual total nitrogen

The percentage of the residualtotal nitrogen in
green manure materials followed a trend similar to that
of dry matter and organic carbon . It decreased sharply
during the first theweeks (Fig. 50% of4.5), losing
total nitrogen after six From theweeks of incubation.
sixth week. the ninth, nitrogento residual total

declinedecreased at a relatively slower rate, but the
ofweeksalmost off during the threelevelled last

duringAbout 70% of total nitrogen was lostincubation.
thisbut 90% ofthe whole incubation period (12 weeks),

loss occurred during the period up to week nine.

almostlost nitrogen atthe green manuresBoth of
4.3and TableFigure 4.64.3) .the same rate (Table

lost total nitrogen fastershow that incorporated manure
bydepictedsurface-applied,which wasthan that as

incorporated green manurelower residual N values in the
These trendsthe surface-applied one.relative to are

4.1.2sections 4.1.1 andthose described insimilar to
for dry matter and organic carbon, respectively.

thereleased fromof nitrogen (kg/ha)The amounts
weeks of incubation areand 12manures after sixgreen

The two green manures did notshown in Table 4.4.
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Table 4.3 Effect of source of green manure and method of its

placement 1 n soil residual nitrogen,total.on

averaged over all sampling times

Source of green manure

residual total nitrogen--

57.348.7Crotalaria ochroleuca 66.0

1 . 3

58.149.5Leucaena leucocephala 66.6

49.1Method of placement means 66.3

LSD for method of placement
+ 1.3( P = 0.05)means

T.SD for Table body values

+ 4.0t P = 0.05)

Soi1-incor­
porated

LSD for 
source of 
green 
manure 
means 
(P=0.05)

Method of placement 
Surface- 
appli ed

Source of 
green 
manure 
means



53

100

80 -

60 -

40 -

■o

20-

0

Incubation period .weeks

o

I

6
I

3
I

9 12

Figure 4-6 . Effect of method of green manure placement on residual 
total nitrogen over the entire incubation period.

O-'

c= a> an
2—•
c

~5
o

"3
<7j a> cc.

■* Surface-applied
o Incorporated into soil



54
Table 4.4 Effect of method of green manure incorporation into

Method of green manure Nitrogen released after :
12 weeksp]acement 6 weeks

S kg N/ha
25 (42)‘ 38 (63)Surface-application
36 (60)Soil-incorporation

in parenthes are percentages of the original total N (60Numbers

kg/ha) added as green manure.

soil on nitrogen release upon manure decomposition

46 (77)
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differ significantly (P 0.05) in ofthe amounts

nitrogen they released.

average, nitrogenOn released from surface-applied

(average for manure)both types of greengreen manure

25 and 63% ofkg/ha (corresponding38 42 andtowas
initial input) after six and incubation,weeks of12
respectively times,(Table 4.4). During the same
nitrogen released from soil-incorporated 36manures was

of N input),and 46 kg/ha (corresponding to 60 and 77%

therespectively. averaged over allWhen treatments,

afterand 70% of the N inputgreen manure released 51%
six and 12 weeks of incubation.

first three weeks C/N ratio of the residualFor the

ratiostheThereafterlittle.changedmaterial

(Fig.surface and incorporated manureincreased both in

4.7) .

decomposition hasof manureThe initial fast rate
easilyavailability ofofinexplained termsbeen

As decomposition(section 4.1.1) .degradable compounds

when easily decomposableproceeded,

depleted, thereby slowing downnitrogen compounds became
nitrogen after nine weeksof disappearance ofthe rate

literature it is known that aminoFrom the(Fig. 4.5).

nitrogen decomposes faster, followed by amino sugaracid

a stage was reached
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(Paul and Clark 1989) . Therefore thedepletion of

former. and accumulation of the latter, havemay
accounted for the slower rate of ofthe disappearance
total nitrogen between the sixth weeks ofand the ninth
incubation. Decomposition was slowest after nine weeks

all thewhen, presumably, easily degradable components
were completely depleted.

with incubation time haveChanges in total nitrogen
Theseet al. (1984).been byreported also Amato

1!N inof residualworkers rapid disappearancefound
weeks of incubation.Medicago spp. during the first four

1!N had64% of leafthe four weeks periodAt the end of

retarded thereafter.decomposition wasdecomposed, but

of nitrogenrapid release(1980) observed aWeeraratna
Centrosema andsunflower,Gliricidia,from Crotalaria,

incubation.two weeks ofthe firstCalopogonium during
andSmithwas slower.rate of releaseThereafter the

losses of nitrogenrapidobserved(1986)Peckenpaugh

of organic materialsduring the early days of incubation
followed by small disappearances of N afteronly to be

From this they concluded thatdecomposition.67 days of
where large losses of nitrogen occur in the early stages

residual materials become depleted ofof incubation the
andwater-soluble, readily decomposablenitrogen,

components .
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The loss ' ofgreater nitrogen from soil-th e

that which was surface-
applied. may be due to theenhanced contact between

and microbialthe correspondingly biggermanure
population the(section 4.1.5) responsible for
decomposition (section 4.1.1). That greater contact may

have enhanced thethe availability of the nitrogen to
microorganisms, making them able to decompose the manure
at a faster rate in the case of the incorporated manure.

his(1986).Similar results were reported by Bent In
60% of•study he found that buried barley straw lost 47 -

surface­whileof incubationnitrogen monthsin 14
applied straw lost 37% of its nitrogen.

ofnitrogen released after 12 weeksThe amounts of
substantial.study werethe presentdecomposition in

considerable of nitrogenamountsStill, there were
residualresidual materials. Thetheremaining in

thethe nutrientsupplywould continue totomanure
whyweeks. This explainsbeyond thesoil/plants 12

regarded slow-release nutrientasaregreen manures
sources and are highly placed for their residual effects

The slow-release patternMittra 1988). is(Sharma and
unlike in inorganic nitrogen fertilizers which, although
easily available the plant, easilyto be lostcan
through leaching and volatilization (Sanchez 1976).

incorporated manure, relative to
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The increase in C/N ratio especially after three
weeks of incubation utilized
by the microbes during decomposition of the manures.

However, incorporated material had higher ratio than
surface-applied week nine.to Thisup moremeans
nitrogen was used from incorporated manure. a reflection
of decompositiongreater in the incorporated manure.
This may be attributed to better thecontact between
incorporated manure and the microbes in the soil (Pritam
and ofBroadbent The drop1977). of C/N ratio
incorporated manure after nine weeks is difficult to
explain at present.

thepattern of nitrogen release byHaving seen the
author's suggestion thatit is thetwo green manures

Tanzania directed atfurther should beresearch in
determining the available nitrogen gains in the soil. It

of theto find how muchshould possiblethen be out
isnitrogen released from theisthat green manure
beto plants. This can possiblyimmediately available

techniques by which it will be possibledone by tracer
soil availabledifferentiate the that has beento N

mineralised from soil organic matter and that which has
been released from the manure.

implied that nitrogen was
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4.1.4 Residual organic phosphorus

Generally as in the case of dry matter. organic

carbon and total nitrogen there indecreasewas a

organic phosphorus in the residual material as

incubation period increased (Fig. 4.8). may be notedIt
(Fig. 4.8) that 40% .of organic lost byphosphorus was
the sixth weekby the twelveth
about 73% had been lost.

Overall there differencesignificantwas no
(P=0.05) phosphorusin the residual organicpercent
between the two Fig.green manure materials (Table 4.5,

retained4.8). Surface- applied manuregreen
residualsignificantly levels of0.05) higher(P

that whichorganic comparedphosphorus to was
incorporated into the soil (Table 4.5, Fig. 4.9).

phosphorus released from theamount ofThe green
shownafter six and 12 weeks of decomposition aremanure

These have been worked out as differencesin Table 4.6.
for(3 kg/habetween input in the twoP manures

Leucaena) and residualkg/ha forand 5 P.Crotalaria
phosphorus was therefore 4 kg/ha.input ofAverage

fromrelease surface-appliedThe phosphorusaverage
of decomposition wassix and 12 weeksmanure after 0.8

and 2.2 kg/ha (corresponding to 20 and 55% of P input),

week of incubation, and
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Table 4.5 : Effect of source of green manure and method of its

placement in soil organic phosphorus,on residual

averaged over all sampling times.

Source of green manure

residual organic phosphorus--
59.2340Crotalaria ochroleuca 78 .46

+ 2.68
47.18 59.8772.56Leucaena 1eucocephala
43.59Method of placement means 75.51

I.SD for method of placement

+ 2.68( P = 0.05)means
LSD for Table body values

± 8.46(P = 0.05)

Source of 
Soil-incor- green 
porated manure 

means

Method of placement 
surface- 
applied

LSD for 
source of 
green 
manure 
means 

(P = 0.05)
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respectively (Table 4.6). the times,During same
incorporated lost kg/haand2.4 3.6manure
(corresponding to 60 and 90% of P input ), respectively.

the average.On released input P40% ofgreen manure
after six weeks of decomposition and about 73% after 12

weeks.

forratioThere only little change in C/Pwas

surface-applied Increasing C/P ratios weremanure.
4.10).observed in the case of incorporated manure (Fig.

source of greenincubation period.effects ofThe
on residual dry matter,methodand placementmanure

carbon and residual total nitrogen haveresidual organic

4.1.3,and4.1.2sections 4.1.1,been discussed in

theforgiven to accountTherespectively. reasons

isthatthree sections.in the aboveobservations made

easily decomposable components,disappearance offaster

may also holdwith microorganisms,greater contactand
organic phosphorus.of residualthe casetrue for

phosphorus released by theamounts ofThe small green
reflection of the low phosphorus content ofmanures is a

(Brom and Van der Wai 1988). This meansthe two manures

deficient in phosphorus,soils which arethat in green

phosphaticsupplemented withbeshouldmanuring

fertilizers.
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Table 4.6 : Effect of method of green manure incorporation

into soil on phosphorus release manureupon
decomposition

Phosphorus released after:Method of green manure
12 weeksplacement 6 weeks

kg P/ha
2.2Surface-application 0.8
3.6Soil-incorporation 2.4
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The observed higher levels of inC/P ratios

incorporated manure an indication of the fact thatwas
utilized thebyP microorganisms inmore was

incorporated than in surface-appliedmanures, ones.
This was due to higher rate of decomposition which was

soil-incorporatedenhanced by betweengreater contact

material and soil microorganisms.

relation tonumbers inin microbial4.1.5 Changes
manure decomposition

numberschanges in microbialtrend ofThe overall
andCrotalaria Leucaenaofdecompositionduring the

The numbersFig. 4.11.inshownisgreen manures
timeincubationoflengthwithincreased rapidly

was almostlevel whichweek,the sixthinreaching, a
started.incubation wasbeforeobservedsixfold that

ofthe rateweek,twelveththeThereafter, toup
increase was slower.

in thedifferencesignificantThere nowas
treated withsoils which weremicrobial numbers between

Leucaena materials.treated withthoseandCrotalaria
hadwere treated withwhichsoilsThe manuregreen

thanhigher microbial numbers= 0.01)significantly (P

The incorporation of greenthe controls (Fig. 4.11).
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into the soil resultedmanure in significantly (P
0.01) larger microbial populations than where the manure

The rapid increases in microbial population during
the first six weeks of incubation of the green manures
corresponds well with rapidthe disappearance

(degradation) theof the during samegreen manure
is,period. as depicted by the indexes, thatvarious

residualresidual dry residual organic carbon,matter.
phosphorusorganictotal and residualnitrogen.

afterThe slower increases(sections 4.1.1 to 4.1.4).

observedwell with thethe week also relatesixth

organicof theof degradationdecline thein rate
impliesThis trendsixth week.beyond thematerials

populations whichincreased microbialthat is theit
decompos itionincrease in manurethe rapidresulted in

Thisweeks of incubation.the first sixrates during
thatin Fig. 4.13, which showsrelationship is depicted

were associatedrapid increases in microbial populations
residualofin the percentagesdeclineswith rapid

as thean indication thatThis givesmanure materials.
ratenumbers increased the decompositiondecomposers 1

assumed that whenbe the greenincreased. It may
microorganismsmanure was introduced into the soil, the

degraded it to obtain simpler compounds for their

was surface-applied (Fig. 4.12).
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metabolic The rapid microbialincrease inprocesses.
populations may have been due readilypresence ofto
decomposable Thiscomponents in the organic manures.
may be in contrast with soil whose organicthe control
matter had decomposed over reachinga long
the stage at which the remaining material was relatively

stimulate microbialtherebyresistant. unable tomore
extent as did the fresh manures (Fig.growth to the same

manure proceeded itAs the decomposition of the4.11).
ofconcomitant depletionis probable that there

behindleavingdegradablethe readily components.
to decomposition.resistantwhich werematerials more

numbers increased atexplain why microorganismThis may
consequently.week and.the sixthrate aftera slower

rate during thatwhy decomposition proceeded at a slower
period.

havethose of the present studyResults similar to

and(1982)BiederbeckCampbell andreported bybeen
BiederbeckCampbell and(1986) .ElliottandJawson

actinomycetehighest bacteria:(1982) observed that the
thecropping but asafteroccurred immediatelyratio

ratiodiminishedresidues theplantquantity of the

organictherefore held the view thatTheynarrowed.

substrates were involved in the microbial growth. Jawson
microbial(1986) observed increased soiland Elliott

days after roots andand 24 addingdaysnumbers 12

was a

time, thus
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straw, respectively. After those times microbial growth
rate declined with time. They explained the decline as
being a reflection, of among other inthings, changes
substrate composition with time. Thus, in the present
study the slower rate of microbial population increase
after six weeks be due of easilya depletiontomay
metabolizable components (see section 4.1.1 to 4.1.4).

theThe lack of difference insignificanta
population under Crotalaria and under Leucaenamicrobial

which theof growth inimply that. the stageatmay
materialsthematerials used twomanure.were as

of theand possiblyfurnished similar levels. types,
isinferenceThisreadily decomposable components.

who observedElliott (198.6)Jawson andsupported by a
strawassociated with wheatlarger microbial biomass

readilyhad morebecause the strawrather than roots
thisBased onthan the roots.decomposable components

if one of the greenis conceivable thatitobservation.
used here had more readily decomposable materialmanures

with significantlybeen associatedit would havethen
othermicroorganisms than thepopulation oflarger

manure.

The higher microbial populations in the soils where
was incorporated relative whichto those inthe manure

surface-applied may be due to enhanced contactit was
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between the soil and most of the incorporated manure.
Thus , the more accessible manure stimulated a greater
population. This increased population may then explain
the increased rate incorporatedof decomposition of the

vis-a-vis the surface-applied manure.

4.1.6 General discussion

Consistency of the four indexes used to assess4.1.6.1
decomposition of the green manures

parameters/indexesthe fourthe present study.In
decomposition rateand determineused to monitor were

ratesobserved that thereasonably consistent. It was

differentdepicted by thedecompositionof as

parameters, were generally very similar.

ofweeksafter sixthatobservedIt was

organic50 and 41% of dry matter,decomposition, 48, 51,
phosphorus,organicandnitrogentotalcarbon,

12 weeksSimilarly afterhad been lost.respectively,
the dryand 73% of62, 7069,

respectively, hadtotal nitrogen and organic phosphorus,

thus similar, giving antrends wereThesebeen lost.

ofwere suitable meansall the indexesindication that

assessing decomposition of those green manures.

matter, organic carbon,
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4.1.6.2 Some practical problems in the timing of green

manuring operations

Much work has been done and results reported on
green manuring (Brom and Van der Wai 1988). The results
of the studypresent generally previouswithagree
reports in that substantialcan releasegreen manures

ofamounts nutrients thethe soil. Basedto on
conclusions drawn in the previous studies. as well as
those of benefitsthe present study. the potential and
of green manuring are not doubted.

raised which are
especiallyoperational view point.relevant from the

farmers and rainfedwhen dealing with peasant crops.
manuring.to the timing of greenThese questions relate

theinvolve allTiming, thisin context. may
itsof the green manure toconsiderations from planting

application.

itthe present study indicated thatThe results of
4.1.1 to 4.1.5) for the manuressix weeks (sectiontook
nitrogen. nitrogen wasof theirrelease 50% Moreto

The implication here issubsequently.releasedalso
be applied at least six weeksmanures shouldthat the

of maximum nutrient requirements of thebefore the time
in the field, for it to satisfy those requirements.crop

that the manure (especially ifin turn, itThis means,

However, some questions need to be
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is of the annual type) should be grown (raised) much
earlier. This raises practical/operationalsome

problems when we consider rainfed agriculture, with no

possibilities for initial and/or supplemental

irrigation.

rainfedIn agriculture, seeds theatare sown
beginning of the rainy season, before which conditions
of drought, very extreme on Thismany occasions, exist.
means that the manure drycannot be raised during the

(the manure)An alternative would be to sow itseason.
immediately following the onset of rains, so
it practicallater in This havethe season. may

short,problems in that rainy season is usuallythe
to delaycoupled with unreliability of the rains. So

sowing crop in order to raise the green manureof the
duemay be disastrous, result being no harvestthe end

One way around thisgrowth season.to curtailing of the
green manure at the same time as thewould be to sow the

at a timeand apply itand to harvest the manurecrop
allow enough time of decomposition tothat it may still

satisfy nutrient requirements of the crop at the maximum
One disadvantage here is that partneed. of the space

which would otherwise be taken up by the crop will now
be used for raising the Thus crop yieldsgreen manure.

(due tounit of land will decrease reduced plantper
population). These ideas may, however, merit further

as to use
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research into. The research may focus on patterns of
intercropping of and ofmethodscrop green manure,
incorporation when the crop is still in the field. etc.

Another approach would be to subdivide the farm so
that that piece used for raising of the green manure
would be the manured theand then incroppedone
subsequent season. research,This, needs furthertoo

ofespecially on the nutrient retention characteristics

Thisthe soil between one growing season and the next.

option may thwarted also the factbe by that many

insufficientfarmers may of land.have only one piece
for subdivision.

in green manuring is anotherThe labour requirement
The materialsaddressed.to bewhich needs arearea

labour-andrequiring time-consumingbulky. sometimes
transportingintensive work of establishing, collecting.

Application rates ofand application.

at times,present study, or higher8.7 ton/ha as in the
farmer hasthe whoconsiderably tedious to noare

own labour. The labourbut depends hismachinery on
ofinvested in the green manure (ploughingneeded to be

seeds, ploughing theof manure under offield, sowing
equivalent of that neededbe theetc.) may tomanure

poor farmers, this may be lookedTo theraise a crop.
waste of labour. Research needs to beupon simply as a

as much as 6.7 or
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directed to this area to find ways of stream-lining the
labour involvement.

These are thejust a few, ofby means all,no
andconcerns which need to be addressed in the concept

findings that thepractice of green manuring, beyond the
ofconsidered viewpractice is beneficial. It is the

problems.formidablethis theseauthor that are
pre-requisitetherefore, be aSolution to these would,

ofpracticethat thisbefore hope greenone can
theespecially,adopted by.-be widelywillmanuring

peasant farmers.
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5.0 SUMMARY AND CONCLUSIONS

Generally. the results obtained presentin the

study have shown that with time residual dry matter.

organic carbon, total nitrogen and phosphorusorganic
decreased with comparable in bothpatterns green

theAll the indexes decreased faster duringmanures.
first ratessix weeks of incubation slowerand at

trendthereafter. the observedconcluded thatIt was
changes in substrate composition as incubationreflected

oftime increased: The period of faster disappearance
organiccarbon, total nitrogen anddry matter, organic

readilydegradation ofduephosphorus towas

Resistantof the green manures.decomposable components

readily decomposableas thewere left behindcompounds

thecontributing todepleted, thusmaterials were

subsequent slower rate of decomposition.

rates.similardecomposed atThe two manures

to the two materials having almostPossibly this was due

carbon andnitrogen, organictotalamounts ofsimilar

at the stagedecomposable componentspresumably readily

of growth when they were used.

soil-incorporatedspecifically. theMore manures
0.05) faster than thosesignificantly (P =decomposed
can be due to enhancedwhich were surface-applied. This
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betweencontact the incorporated soilandmaterial

microorganisms. isIt also assumed moisturethat

condition differences between andthe surface

subsurface, with the latter being favourably more moist
for microbial growth, could the observedalso explain
differences in decomposition. concludedis alsoIt
that incorporating thanof is bettergreen manure
surface-applying it.

decompositionThere consistency the fourinwas
attemptedindexes. which suggests that those indexes

characterize decomposition patterns ofalmost equally to
example, thatIt was found. forthe two green manures.

dryofandthe had lost 48,51,50 41%green manure
organicnitrogen andtotalcarbon,organicmatter.

sixforafter decomposingrespectively,phosphorus,
70 and 73%It was further observed that 62,69,weeks.

andtotal nitrogencarbon.organicof dry matter,

12organic phosphorus, respectively, had been lost after

itsuch observationswithof incubation.weeks was

ofwere suitable meansthe four indexesconcluded that

assessing decomposition of those manures.

fromof nitrogen was releasedA substantial amount
= 0.05)was no significant (PTherethe green manures.

capacitiesbetween the which thedifference at two
Afterreleased nitrogen. weeks ofsixmanures
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incubation, the surface-applied manure had released the
equivalent of 25 kgN/ha while incorporated manure was
found to have released 36 kgN/ha. Similarly, after 12
weeks of incubation the surface-applied manure released
the equivalent of 38 kgN/ha while incorporated manure

released 46 kgN/ha. thatIt therefore evidentwas

incorporated manure released more nutrients at any one

time than the accountedsurface-applied. This could be
incorporatedfor by the fact that decomposition of

0.05) faster than that ofsignificantly (P =
surface-applied manure as discussed above.

therapidly duringincreasedMicrobial numbers
Theincubation.onset offirst six weeks from the

offlevelledthen almostincrease declined and

multiplication of microorganismsThe rapidthereafter.
decomposableof easilyavailabilitydue towas

the subsequentcompounds, depletion of which resulted in

microbial populationsSoilslow multiplication rate.

soil-oftheinsignificantly larger casewere

surface-applied becausethanincorporated manure
accessible toincorporated morewasmanure

isthe surface-applied manure. Itmicroorganisms than
thecondition inconsidered that moisturealso

thefavourablebeenhave tosubsurface may more

surface. Generally,microorganisms than theon

highly associatedin microbialincreases numbers were

manure was
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with increasing decomposition rates of the green manure.

thus supporting the fact that the decomposition was
carried out by the microorganisms.

the observed decomposition and nutrient (N &From
P) release ispatterns ■ of the ittwo green manures
speculated that these green manures should be applied at
least six nutrientweeks before the period of maximum

When this is done it is hopedrequirements of the crop.
fromthat the period of maximum rate of nutrient release

with peak nutrientthe green manure will be synchronised
crop. The findings of this studydemand by the intended

were maintained atunder conditions whichare basically

however.field conditions.Under naturalnear optimum.
be different.release would Morethe rate of nutrient

fieldunderestablish itneededresearch is to
conditions.

thein improvingpotential of greenThe manures
soils is well understood. However.productivity of our

is widely adopted,before the practice of green manuring
addressed.pertinent issues which have to bethere are

climaticlabour requirements.extra farmThese include

pressure relative to farmers'and landconstraints,

This calls for concerted effortsown cropping systems.

to strengthen research in these aspects so as to come up



83
theseaddressrecommendations whichwith appropriate

issues.
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