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(v)

AESTRACT

Experiments on plant nutrient status and vield of maire in relation to
mulch  nutrient composition were conducted at Katumani, in Machakos from
1987 to 1989. In all the seasons apart from the Short Rains of 1988,
Fatumani composite B was sown. Durinc  the SR'B88 Hybrid 511 was
mistakenly planted.

Cassia siamea had been grown as the tree species forming the hedges.
Between the hedges, T maize rows were sown parallel to the hedges. The
hedges were lopped periodically at a height of 50 cm and the loppings
fully incorporated into the soil within the hedges (alleys) before the
beginning of each soason. In the control plots, each Fedge row was
replaced by a row of maize and therefore no mulch was incorporated iH

the coantirol plots.

Mtrient analysis was performed for Cassia  loppings, maize leaves,
maize grains ad maize stovers for nut-ient analysis. Maize vield
{grains) 1in g/row and weed biomass were also assessed. Decomposition

for Casszia giamea loppings using standard litter bags was also

monltored.

The results indicated that  incorporation of mulch  increased  the
nutrient concentrations of maize leaves. grains, and stovers as
revealed by higher levels of autrient concentrations in the treated
plots relative to the controls. Although there was a relatively higher
vield in the treated plots as compared to the controls on P oW
basis, the differences were not significant. The weed biomass in the
treated plots was more than in the control plots. Deconposition
experiments indicated that approximately 70-%0% of Cassia mulch dry
matter could be lost within &0 days.



(wi]

It has bBeen observed that, the most limiting factor to the alley
cropping  tectnology in the semi-asrid aress is the competition for watar
and nutrients in the soils. Water and rutriticnal status of the soil,
will therefore determine toc a large extent, the success or otherwize of

sach & systan in these aress.
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CHAFTER OhE:

1. INTRODUCTION

Fenya's population growth rate is approsimately 4% per year and 1t
requires doubling of food production if this incressing population is
to be adegquately fed (Mwangi & MeCarthy, 1982). Two ways of achieving
this are stabilizing food production and by opening up new areas for
arable farming in maurginal  and  medium agricultuwral potential areas.
Fenya's arid and semi-—arid aress cover approxdimately 804 of the country
while the semi—arid areas with marginal to medium  agricultural
potential comprise about 204 of the country’'s land area. It is from
these areas that one  third of the prodected increase in agricul twreal

e

production is expected to come from (Ahoo, 19835,

Major constraints in the seni-arid creas include low and wweliable
rainfall, and wvery low organic matter in the solls. The repetitive
maize}hean intercrops and  low  agricultuweal inpots into the =oil have
legi  to degradation and  ilmpoverishiment of most soils in these areas
resulting  im wvery  low crop vields. At times total crop failurs,
necessitating expensive  intervention ir the form of famime relief, has

been edperienced (Mumgar, 1957

In the traditiconal systems, Ffarmers mainly relied on long fallow
ceriods  to regenerate  the fertility of the land erhausted duwing the
croppirk;  period. Tre= bush failow — crop producticon rotation 1= BN
ta e an ecologically stable systesm since & long Tallow pericd is
Teazlble. hen  the fallow pericd becomes too short, as observed 1n
areas with high popalaticn densities, either artificial fertilizers
have to be used to inprove scil fertility or other altermatives which
are economically attractive to small farmers have to be included in the
production  =ystem. High costs and/or lack of inorganic fertilizers in
many  developing countries exclude oF limit  their use by many small
farmers. In addition, low clay Alfisols and related soils which are
widely distributed in the tropics, are knowt to be prone to soil
acidification due to continuous use of high rates of artificial

fertilizers (Kang & van der Heide, 1595}).



In order to reduce the dependency Gﬁ artificial fertilirers and at the
same  time respond adequately to the problems of food production in the
semi-arid areas, a technically feasible and economically wviable
technology which can sustain crop production and offer other benefits
to the farmer needs to be developed. ~Agroforestiy has been proposed as
one such altermative in these areas. Young (1985 & 1987) has defined
agroforestry as a collective term for land use systems in which trees
are deliberately grown on the same land management unit as agricultural
crops or pastuwes, and in which there is both an economic and
ecological interaction between the tree and non—tree components.
Agroforestiry can be both a lowinput as well as a self-sustaining
technology . According to Nair (1984), it has the most apparent
potential in  ‘marginal’ and in rescurce—limited small bolder systems
where monocultural agriculture or forestry may not be most feasible or

even desirable.

In order to maximise the benefits brought about by agroforestry
syetems, scientists at IITA have developed an alley cropping éystem.
This is e=aentially an agroforestry system in which food crops are
grown in alleys formed by bedgerows of trees or shrubs (Fang et al.,

1981b;: Wilson & Wang, 1981).

The bedgarows are cut bhack (lopped) at or close to planting and are
kept prumed dwing crop growth period to prevent shading and to reduce
other competitions with food crops. The loppings provide maleh which
acte as green manuwre for the food crops and in this way plant nutrients
are recyeled in the =oil layers where tree—roots are active.  The muelch

also provide favowrable conditions for- soul macro—and micro-organisme,

The Diyland faroforestry Research Froject (DARF) sited in the semi—arid
areas of Machakos which is a joint venture betwsen FEFRI, EARI, IORAF,
NOFRS and MIDF {(See appendix I for abbreviations used) aims at
developing agroforestry technologies for the semi—arid areas of Fenya
and other East African countries with & view to improving the gquality
of life of the inhabitants through maintaining or increasing the

productivity of the cropping and animal production systems.

tJ



The results from the DARF alley crt;pping trials conducted at Fatumani
Mational Dryland Farming Station (17853-1934) indicated betwesn—row

vield differences in Cas=ia slames/maline interorops . whoss

interpretation  appesred  incomplete  (Sang & Hoekstras, 1985600, The=
avthors found that duwring the development pericd of the alley oropping
system, the maize rows adiacent to the hedgerows pertormed Retter than
the centre rows. When  the bedges were better developed, a negative
impact was noted o the malze rows closest to the bedges which they
explained  as being likely due to rolsture competition between the

andd the adiacent rows of malze. The pictwe was different again

o the firsl two o ose = of bthe opesrational phase (Sang & Hoekstras

et Cassia slarsa =peing Jevee difisrent

crtber rowe cubperformed the wecstern

wigested that the latter effects might te explained by a

pabrient  Mharvesting” & fect due to the slightly sloping

e Rl Thee  hetter mecformasce o the cuter rows as compared o

e e

o ztablishment was sugoested to be dus to an

clug1reg

Tiker moistirre el mutrisnts

e maloh &3 one

t

i gl

mulching  in P 's Cassia siamea alley cropping

micro-climatological factors and theilr subsequent

o malze  vield after nutrient relesse inte the soil through

mirerallzation. Information on these factors and of rainfall patterns
of the  area  wold  assist in working out the timing of lopping the
hedgerows  for  optimum  release of mnutrients. In order to realize the

above obiective, the following specific investigations were widertaken;

-r
-l



E\T .

(a)

(b

{c}

{d)

{e]

The nutrient composition of loppings of Cassia siamea.

The rate of decomposition of Cassia siamea loppings.
The foliar analysis of maize leaves.
The nutrient analysis of maize grains.

The dry matter determination of wesds.

The plant nutrients assessed in this study were the macro nutrients

like

Mitrogen (M), Fhosphorue  (F), Potassium (B}, Calcium  (Ca)

Magnessiwn  (Mgl, Sulphar (8), and Sodium  (Ma)  which are essential

nutrients and constitutent=s of a variety of organic compounds related

to the

mobille

structure and metabolism of plants. Some like M, F & K are more

in plants whereas others like Ca are less mobile (Cooke 1982,

Sutciiffe & Raker, 1978). Carbon (C) content was aleo analysed.



CHAFTER TWO
2. LITERATLEE REVIEW

2.1, Ceneral

Budelman (1988) mentiong that in the past few years the interest of the
scientific comwmnity in leguminous shrubs and tirees capable of fixing
nitrogen has grown  significantly, This increased interest is
attributed to the increasing awareness that nitrogen fertilizers are
becoming very expensive, particularly in the context of food crop
production. When  these leguminous  brees and shrubs  are selected
correctly and integrated in cropping systems, they can produce cheso
and accessible nitrogen and can be used for other purposes. Gliricidia

sepiwn  snd Leucasna leuwcocephala are sone of the species used widely in

the cropping systems by farmere 1n MNigeria. According to Budelman
(198%), =uch systems when developed should be able to replace the need
for shifting cultivation and must acconncdate the following fouwr basic

conslderaticns:

(al Create the lowest possible financial theeshbold, =o that the

technology is accessible to resource ~ poor farmers;

(b} Fay bhesed to management strategies that cater for masimom

possible =01l protections

(c) Fatch tree and crop speclies that are matuad by compatible,

and

(dl Select trese species with a high degres of user—friendliness

and & good capacity for regrowth aftier puning.

In addition to their nitrogen fixing abilities. trees/shrubs can be
periodically lopped and the loppings provide mulch which acts a= green
manure when incorporated into or put on to the soil. According to
Stigter (1984), a mulch is a shallow layer that appears at the soil/zir
interface, with properties that differ from the original soil suwrface

layver.



Milching with crop residugs  and other vegetative matter has been a
consistently successful practice in traditional shifting cultivation
(bang % wvan der Heide, F831. In TITA, MNigeria, it has been shown
experimentally that maize respond positively to mulch and the vield
increa&e& represent the net effect of a number of favourable effects on
growth (Fang et al., (1781b). Moreover, the preseﬁca of grganic cover
ot the =oil not only reduces the raindrop impact effect on the =o1l,
but it also improves both the physical conditions and fertility status
aof the soil  (Mair, 1984). Mulching has beer readily and profitably
adopted  in  horticultural and plantation  husbandey. Famng et al.,
(1734), reports several benefits which have been attributed to the
practice of adding mulch. For example, it bas been shown experimentally
that the vyield responses of maize at [ITA, waere 44, S5 and 22 percent
more  for  the mulched plots, over the pericd 1970, 1971 & 1972
respectively. Six  years of alley croppirg of Leuwcaena with maize and
cowpeas o low fertility Entiscls belped to maintain  higher =soil
rutrients  and orgenic matter through pericdic additions of Leucaens
OFLAngS. Flote which received prunings contained twice the amount of
=01l organic matter as the plots which cid not. Repested applicaticn
of  inorganic nitregen  fertilizer incressed  soil acidity whereas the
addition of Lewaena prunings did not affect =oil acidity. Flots
receiving  the prunings also maintained higher soil moistuwre compared to
those that did not. The mulch from the prunings lowered =0il

temperature and enhanced biological activity.

lLoppings  from  fast—growing and  guickly regensrating woody perennials
g with agricultweal crops in 2ithker zonal or smixed oropping scheves
co L b= added as muich on cop production fields. Hedlger o
intercropping  (alley cropping) iz an excellent illustration of this
possibility. Wileon and Kang (1981) have defired alley cropping as a
crop  production system whereby food crops are planted in spaces creatsd
by bedgercws of selected trees or shiabs, The loppings from the
Pedgeraws  supply nubtrients and  organic materials to the crop and

recylece leached nutrients. In a recent agroforestry diagnostic swvey
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2.2 The effecfs of mulch on crop and soil effects

When  mulch was incorporated into the s0il, Sang & Hoekstra {1985
reported & significant, positive increase in maize vield in the range
of 35 to 125 btetween the treated plots (wihere mulch was incorporated )
a;nd the untreated ones (control) on per row basis. In the Feports on
the experiment (Sang, et al., 19895:; Sang & F-lc:el::":—:tr“a, 1985h Sang &
Hoekstra, 1987a8b), it has been shown  that there was a consistent
difference between the control and treatment plots. Treated plots were
significantly bhigher in grain, cob weight and stover vields tham the
controls, and there were  indicaticons of cumrclative effects with the

nunber of yvears after the establishment of the experiment.

In a study on the effect of the application of the leaf-mulch of

Gliricidia gepium o the early developrert, leaf nutrients and tuber

vields of water yam (Dicscorea alatal, Budelman (198%) chowed that the

mulch  if  strategically placed, can shorten the pericd needed for the
YIS to . sprout by approximately 20U as well as  increase  vam
production. One  tonne dry matter mulch of per bectare raized the vam

tuber vields by about teo tonnes.

The use of loppings from leguminous trees and shrubs a5 green manwre is

a very old practice. Loppings of Sesbania grandiflora for example are
comnarily  used as green mEnwe  sowrce  in rice  producticon in Asia.
Farmaer=  in the Havanna regiocn of West Sfrica have utilired the

litter—7all wider the conopy from Scacia aloida as mitrogsn source tor

peanuts and millets  (Dencette & Foulain, 17823 Felker, 1972, In tihe

1

intercropping studies i MHawsii, Guevarra  (1974)  obssrved o large
LNCFEases in omaize grain yvield with the application of Leucasoa
FUnLngS . The maize yield in control plots averaged 1.9 tennes.ha,
while the application of Lewcaena prunings {(half incorporated price to
planting and half as side-dressing) egquivalent to 150 kg MN/ba increased
the vield to 4.4 toones/ha. Fang et al., (1981a) alsn observed

significant increases im maize grain yield from 1.7 tonnes/ha to 3.2

tonnes/ha when Leucaena prumings were applied.




Young loppings from leguminous  trees and shrubs are good souwrces of
easily decompcosable materials because of their relatively narrow
carbon~nitrogen ratio (Kang & van der Heide, 198%). They aobserved
rapid decomposition of Leucsena leaves as compared to maize stover and
Eftated that, buwried in the scll, fresh Levcaena leaves have a half life

{time taken for half of the material to decompoze) of about 10 davs.

Although, much nitrogen can be obtained from the prunings of hedgerows
of woody legumes such as Leucaena and Gliricidia in alley cropping, on
low  fertility eoils application of supplemental nitrogen may still be-
required ta obtain maximum vields (Kang & van der Heide, 19853. Thic
may  in part e attributed to lower efficiency of nitrogen from the
prnings  as was ales reported by Guevarra {(1976), who obesrved that tre
direct bIenefit from nitrogen added with the prunings to the immediate
malze Ccrop was aboat  ZHE. According to this author, zeveral causss
could be =suggested to account  for  thizs  lower efficiency such as:
delayed release of minerals, applicaticn of prunings as mulch being
less effective and possible loss of nitrogen by volatilisation ard
smetines pruning d2 done madnily to reduce shading rathber then to

zupply nutrients to companich crops.

Dezpite the low efficiency of nitrogen fron Letcaena prunings, it still
contributes & significant portion of the crop reguirement (Kang et al
1981 & 1980). These authors, from the results of =iy years
obsetvation on a low fertility loamy sand at Ibadan, shessed that grain
yield of maize in alleys cropped with Leucaens could b maintained at
.00 tonmesssha with only bthe addition of Laucaena prunings d.e. with no
application of fertilizer nitrogen. Maize vields in the control plois
witheot  application of Leucaena prunings) declired to a low level of
aboat 0.0 tonmesdsba during this period.  In the same study, the maize
ﬁlants in the control plote that grew adiscent to the Leucaena
hedgerows  showed  better growth compared to these growing in the middle
of the alleys. This, they reported was mainly due to nitrogen

contribution from the leaf litter Tfall in areas adjacent to the



hedgerows. Yamoah et al., (1984b) obszrved that in the plots where
inorganic N fertilizer was not applied as well az the punings not
added maize plants near the hedgerows serformed better them those in
the middle alleys. They attributed this to the scoumalaticn of litter
tall which was observed to be greater nearer the hedgerows than in the
middle of the alleys resulting in an improvement in soil fertility

nearer the hedgerows.

Although  the nutrient aspects have been emphasized above, the effects
of mulching are infact rather compler. Reporticg on fraditicnal mulch
as & method of micro climatic management and manipulation, Stigier

(17841} reviewed the following effects of muleh application;

(@) S@il temperstures become different because of influences on

the enetgy balance at the zurface. The anount of abts=orbed
solar radiation is affected by changes in mulch layver and
colour. Exchanged long-wave radiation differs because of the
new  cover o top laver composition and gecmetry,  Hest and
M&E=S transfers in the air boundars—laver sd  the scil
top—layer differ because of the material applied or the land

cultivation practised,

(b)Y Soil Hoistuwre conditions become different as water available

Tor  evaparation becones  less. Morecwver, uwnder the most
arganic  mulches, more water will  enter into the soil or be

retained by 1t becauss of structuwral changes near the surfsce.

(cl Smil Flvesical Fropertics. =uch as  infiltratiocs, water

retention, and percolation capacity, soil aeration, mechanical
and  aggregation conditions of the soil, will differ hecauvse of
structuwral conseguences of malch applications. Also the rate
at which =01l erosion takes place from rain, hail, water and
wind impact (often worsened by preceding high solar radiation

impact) 1s reduced by mulching because of the protective

10
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properties of.  a mulch layer against destiuctions from
splasihning, runaff and other mechanical factors {and

radiation) .

Boil Chemical FProperties, sueh as acidity, salt concentration

A nutrient contents will change because of indirect effects
of =soil water movements and direct effects of decomposition of

mulch material.

S0il Microbisl Activities, and occuwrence of other microfloral

and fauwa impacts within the soil, will be influenced by the
other  parameters menticned above, which create differences in
the microclimates and othsr living conditions of  thess

organisms.

ferial Fhveical Froperties, ch as radiation Tlux

distribation, temperatuwre, hunidity and air flow, differ
becatse of mulch inTluences oo the air within and juét above

the mulch. This modifies the clinate of aerial plant parts.

Mechantical  impact of  rain, hail and wind, is reduced by the

protective capacities of a mulch layer in respect to ssedlings

and rnear—=urface plant parts as asrial roots.

Ieed Groweth, is influenced v modified soil and  air

conditicns. It may &= greatly reduced because of treduced
laght. Fecsts and disesses ace influenced as well., Thess
intensity acpects are complex and  at  times  the  data

conflicting as  there may have lmneficial as well as damaging

effects due to applications of mulch.

T2 net effect of malch used oo plant growth and development in terms

of vield guantity and guality, will = the sunm of all the above

mentioned factors.

11



Application of Leuwcaena prunings resulted in higher soil moistwe
retention, organic matter, exchangeable #, Ca, Mg, and also nitrate
levels in the soil scolution (Kang et al., 1985). Also, Yamoah et al.,
(198&5c), reported improved soil chemical properties in the  alley
érupped sites relative to the controls. They observed that =nils under
Cassia had the highest content of N, F, K and organic carbon. FBEulk
density, mean aggregate diameter and water holding capacity were better
in the cropped sites. Gravimetric moistwre content was generally

higher in the cropped sites and highest under Cassia.

However, the benefits resuwliting from application of mulch are not
always easy to demonstrate but, as Jobnston (1985) suggests, thew may
be related to water holding capacity of the soil due to extra organic
matter and raising the concentration of nitrogen in the grain which is

an important aspect of grain quality.

2.3 Time and methocd of spplving prundngs

SurTace application ot Levcaena leaves az  mulch delaved itz
deromposition  {(Wilson et al., 1984, & Eang & van der Heide, 1955),
Despite the slower decomposition rate of dried Lewcsena leaves, FRead
{cited by Fang & van der Heide, 1985 could not find any differences in
maize vield from application of fresh as opposed to dried materials in
the field. However, Fang et st (1981a) have suggested that, becauss of
the faster decomposition rate of Lewcasna prunings when ircorporated in
the soil, it direct manurisl effect is therefore beltier when baried in
ther =il Indeed, resulits of investigaticns carried out in Hasaii
showed  higher madze  grain yield from incorporation of the prunings as

conpared  to swface application (Kamg et al., 1981bk). Results of

studies wsing Gliricidis sepiun prunings also showed higher maize grain
vield with incorporation or banding of the prunings tham by brosdcast
application  (Kang & wvan der Heide, 1985). Holland and Coleman (1987},
observed that surface placement of straw resulted in higher masimum net
M immobilization and slower rate of decomposition as cuhpared to

incorporation.



The time when prunings are apllied is inevitably influenced by the
freguency of cuttings. The results of flferez (cited in Nyamai, 1787)
indicate that, for wpland rice, it 1is beneficial to apply Leucaena
prunings 25 days before planting. In an experiment with IR-76 rice
variety grown under upland conditions  (non-flooded)!, evidence was
obteined oan the superiarity of applving Leucasna leaves as organic
fertilizer by incorporating them into the soil dwing land preparation
25 davs before seeding. The grain yield of corm wase alsoc reported to
b= higher when Leucaesna wes cult and incorporated at the esarly growth
stage of the crop.

Evenson (cited inm Myamaei (1784) in explaining the above obssrvations,
again offered an explanaticn that therse must be faster mineralization
with dncorporation into the =0il of grzen malch and possibly reduced
loss of nitrogen by volatili=zation compsred with surface application.
Tha yield of maize grain with an application rate of 150 kg/ha of green
leat manuwe was almost 5 tonmes/ha with incorporation, 4 toanes hs with
surface mileh application and caly abouat 0.4 teones ha with no mualch
application. Se=ekabembe (15985 reported thal lncorporaticn of Leucaens
was  estimated to be 20U more efficient in supplying N to malze compseed

bo surfeace applicaticon.

0 the other bhand bowever, results o alley cropping 1n Migeria
reported by Atta—trah (cited in Myvamal, 1787) indicated that the growth
of maize (plant weight and number of lesves) was slightly better wheo
land waz net tilled and  the pruning not incorporated into the soil.
This Finding  ie the opposite to those reported by Fang 2f al., (158100
angd Evenson (cited i Byamal, 19840 . These worbkers obtairnesd better
maize yvield when the punings were incorporated  into the =oil as
opposed to when  applied on the suwrface as malch., The discrepancy can
e understooed  from the remarks of Abn (cilted in Myvamai, 15870, Stigter
{1984), and Budelman (1722), who stated that the benefit of mulch, when
applied on the swface, may lie in its effects on reducing soil water
losses, =01l temperatwes, erosion and weed growth rather than in the
addition of mutrients. Mulching may be of particular importance where

water supplies are marginal (Abn, 1970).



Complete incorporation inte the =so0il as well as the boyning of crop
residues are widely accepted practices for their disposal. However,
burmiing d@strﬁys much of the nitrogen contained in the residues and can
I’:'E'ELl.lt in severe goil erosion problems. Bwming also destroys =oil
conditioning effects, modifies the =il microflora and causes the soil
surface to be hydrophobic which could reduce infiltratice and water
storage. Incorporation of orop residuss containing low nitrogen is
Likely to prevent maximum bemefits of the residues to the soil
structure  as compared to suwrface managed residues (Elliott & Fapendick:,
1586y, However, Skidmore et al., (1985) suggested that appropriate
management of crop  residues might retard degradation of soil phiysical
properties and sometimes improves the soil. It had been cobserved that
organic matter incressed and the scil was less compacted where wheat
straw  had been incorporated into the soil for 12 years compared to

where 1t had been haled and removed or bBurned.

2.4 Fate of mineralization

Application  timing and  the rate of mineralization of mulches as soil
organic matter control  the release of nutrients. Since nutrients are
subject to  leaching, fixation and other losses, it is advantageous if
their release can be effected at the same time as the major uptake By
plant  roots. The main possible manajement control over timing of
nutrient release ie the pericd when plast residugs are applied to the
=o1] ., Other  parameters which affect nubrient release are the guality
of  such residues, bow they are applied (e.q. to the swface ar loariexd),
chamical  and  physical solil properties, especially mosituwre content and
tempetrature, and the =scil  fauwna  (Young, 1985 & 1989). Aocording to
Budelman (1967), knowledge of thwe specific dE«:;:mD(:eiticn rate of the
mulch  wsed 15 dmportant when  performing mulching esperiments.  The
decomposition rate determines the spesd with which the nutriemts in the
mlch materizl . are releaszed, as well as the period duwing which the
milch can be considered to be actively supplying nutrients to the
=01l., The rate refered to here is a specific decomposition rate,
covering decomposition periods measwed in days. Rudelman (1989;,

concluded from experiments in which Gliricidia mulch, at a rate of 4
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tonnes dry matter per hectare, was left to  decompose that, the
decomposition process can  be  adequately decribed by the exponential

equaticn:
Y (t‘.)ﬂY (a)-E""’"‘:t (1,‘
in which,

Yce, represents quantity left after 1o
t in days (for example in Kg/ha).

Yimy is the initial gquantity applied.
c is the constant decomposition rate (o decomposition constant)

Fudelman’' s Gliricidia experiment covered 70 days, with & mamEl ing
dates. The losses of carbon, nitrogen, phosphorus and potassium in the
decomposing  mulch  were followed and it was observed that the releasce
ates from b maloh of carbon, nitroges and phospharas ware remarkabily
=imilar. Since carbon  makes up the bulk of the elerents present in
drled mtlahy, {1t e above recalte may be generalized) the
decomposition rate related to the releaze of carbon can b= applied as a
general indicator of the resictance  to decomposition of the mulch.
Fotassium was rapidly lest from the mulch, the reason being that it is
Fromd as @ ion in the cell  fluid, and consegquently can easily be
leached  from  the organic matter for it is not pact of the building
Lnits  in tissue etructures. He modified the eguation (1) to ohtain ths

rutrisrt-release function as Tollows:

o

R (s> =D. F. (1-e —=%) (2

Where

R represents the amount of specific nutrient released in kg per

hectare after a certain pericd of time (t in days).



D represents the mulch treatment in kg dry matter per hectare and is

comparable to Y{o} in eguation (1)

Forepresents the presence of specific mutrisnt in the  malch
erpressed as a percentage on a wedight basis.  This of cowes is

anly true for those elements to wihich a certain O value applies.

Yamoah et al., (1984a) conducted decomposition studies in a field under

alley cropping with Gliricidia sepiwn, Gassia sismea and Fleminoia

connests as  the hedgeros plants.  The mulctes were placed on the soil
Surface. They  reported the diey metter lots of the cuthacks {(first

pruning  after the shrube had been establishbed tor two vears) to be Foie.

M end ALY Tor Gliricidis, Fleningis and Cassia respectively, during a

& ez st

ceriod  of 120 dayve and for the subseguent prunings to be 100, 89, 79

for Gliric Gy Laszsia and Flemingia for & pericd of 120 days. The

fast decomposition rate of Gliricidis probainly resulted from its high M
contenl and  dts succulent nature. The  cuthecks  and  mrunings of

and Flemingia  released 232, 120 & 7% kg fha,
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1.8 Flamting

Cassia siamsa had previowsly been selected as tf

Fescdoyesr ey . Within each plot (except control plots)y four bedoes were



-

sztablished in MNovember 1983, at  betwsen-row  speoing of

i
=1

Tl me ang

mo for breatmes: L

CrTOINA L T S

it rewde and S0 oom o withiceroees. In Bhes control

a  spacing of 90 oom betw

each  bedge row was  replaced by & ro of malze (appendix &,

planted  twices a yvear with regacd to rainfall pattem of the

T oplot were od arw] mamded

T

Was e AT

aid

ar plant wies =anpled,

LS

(viz tre sactern bedge) wers

Hee thres allevs. Each alley (and therefors

T i

plot)  received different  amounts of muleh (see apmendix 4) depending
upce  the  hiomass  production of  each  bedge. The amayits of malch

chtained also varied from season o Sesson.
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Tre sampling of weeds was done before the first weeding took place.
Trey were sampled by randomly establishing plots of 1o betwesn the
MALIE CNG. They were hand plucked, cleaned carefully and dried at
L0 im e oven for 24 hows  after which the dry weights were

taken. Six samples were taken from each plot.

The maize grains were sampled after the crop was harvested and
threshed. Two kinds of s=sampling wers dome i.2. {(a) a 20 grain
subsample randomly selected from each ros, were composited togetber to
form ome composite sample for each plot, and (3 100 grains, randomly
selected also, were sampled for each ~ow fron some selected rows in
each plot. All the rows could not be sampled in this lazt way as the

cost of analysis was & limiting Tfactor.

Temaa Sample handling

The leaf czamples were packed loosely in paper bags and in most cases
were not stored for more than 2 days before drying. To remove all
traces of cswTace contamination the canples were wasted with a wet
SPONGE  LSIng demineral 1red water followed by rinsing twice in
distilled/demineralized water. After rinsing, the csanples were
transfered to small paper bags and dried at 70°C for 48 hows in an
OvEn . The maize grains were put in pamenr bags and also dried at 70°C

for 43 hars.

The dried matetrial was groond using a lom seive mill. This ensured
homogenecus ground  sample.  The poeder was thorooghly mixed, packed in
polvtlene bags, @nd stored wder diy and cool conditions prior to
chemical analvysis.

- ~

RS Chemical analvsis

The following elerments were analyzed in &ll the samples taken, Nitrogen
(N}, Fotassium (k), Fbosphorus (F), Sodium (Majy, Magnesium (Mg,
Calcium (Ca), Sulphuwr (S} and Carbor (). Total nitrogen was
determined using the Kieldahl method (Black et al., 1965) and carbon by
Walkley-RBlack method (Black et al, 1945), Fotassiun and sodium were
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determined flamephotometirically, phosprorus  colorimetrically and
magnesium  and calciwn spectrophotometrically.  Sulphur was determined
using & turbidimetric method  (Evenbuics & De Waard, 1978, 1ITA, 1977,
MAL 1984, Abn 19790,

F.2.4 Mitrogen

Some O.2g of alr dried plant material was aeighed and transfered into a
Fieldabhl digestion tube, and lg of the catalyst (mixer of selenium
peder, copper culphate and potassium sulphate) was added. 1oml of
concentrated sulphuwric acid {(conc. Ha504)  was added and mixed. The
resultant scnlution was beated gently on a digestion stand for one hour
after which the fubss were removed {(ensu-ing that no undigested plant
material were left sticking o to the sides of the tube) and cooled.
The Vresultant digest was carefully transferred into 10Oml voluwmsbric
flaslk: using & clean 'FLmnelland the tube washed thres times with =mall
amceits of distilled water into the volumetric flask. Distilled water

was added to make to the mark. This formed sclution A.

10mi  of Yooboric acid  was transfered into 100ml conical flask and =
drops of mixed indicator (bromocresol greensblue and methyl red in
ethanol} added. The Flask was placed under the condenser of th=
dizgtillation apparatus in such & way that the tip of the condenser was
telow  the swface of the =olution. Liml of the digested soclution
{=olution A) and 10ml of 400 =codivm hydroside (MalH) were both plpetted
imto the distillataicn flagk and rinsed wizh small am@uints of distilleds
waher., FAfter the First distillate drops reschsd the boric acad
indicator =xlution, the colour changed Troun pink  to gresn.
Distillation continued for  another 2 mingtes after which the conical
flagh was lowered (the tip being above the liguid) and distillation
continued for- another minute. The tip of the condenser was rinsed with
distilled water and the solution was titrated with Q0L HZS04 until
the colawr changed from green to pink as end point. With each series

of determinations a blank and a standard sample was un.
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Calculations:

AN = (T-H) XN X 1400

™
fn ]

v‘;i—ere:
T = Sample titration {(ml)
E = Blank titration (ml)
N = Normality of H=B0,
S = GSample weight (mg)

Te2.a Div ashing

2.5 of  air—dried plant materials were weighed into crucibles, which
were placed in a muffle furnmace and ashed at 4X0-5007C for I hours.
fn empty crucible was placed and wsed for a blank. After the ash wes
white or nearly sc the csamples were removed from the fumace and
allawed to cool The ashes were molstensd with Sml corcentrated nitric
acid (con. HdGe) and evaporated to draess on a ot water bath after
which they were ashed agein in the muffle furmace at 400°C for 20
minutes. They were renoved and allowed to cool and 10ml of 2.5 N
Hydrochloric acid {(HO1) wes added cauticously down the walls of the
cnuibles to prevent spattering and heated oo a ot water bath. The
sanples  were filtered through filterpapers into 0 ml volumetric flasks
and  the crucibles wasked I times  wiith distilled water. These ash

snluticons {solution BY  were  then used for the determinstion of ., K,

Ma, Da, Mg and 5.

R Fhosphoras

3nl of  the ash =soluticns {(solution B) weas pipetted intoc 30 ml
voeluretric flasks, and 10ml of the mided reagent solution {(Mitric
solution, Anmoniun  metavanadate solubtion and solvbdate soluticn)
added. Distilled water was added to make to the mark and mixed
thoroughly. The optical density was measured at 430nm uwsing a
colorimeter and the concentration of F in ppm read off from the

calibration cuwrve.



Calouwlations
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Calculations

4“Caor Mg in sample = Ca or Mg ppm in =0l. » ml. ash =o0l. o ml.zol o« 100

sample weight x ml. aliguot o 1,000,000

YoCa o Mg o= ppm (S0 20w 107

2.5 ¢ 10w 10=

10ml  aliguots of ash =clutions, blanks and standard  series  were
pipetted into SOml veolumetric flasks and 1ml of 0.594 gum acacia added.
One scopp  (about O.1g) of HaCla crystals was also  added. The
Fesultant  solution was mixed thoroughly and left  to stand for one
o The optical density was meas=wred at 33N and the concentraticons

{irn 5 ppm) were read off from the concentration curve.

Calouwlations
“ooudphyr = Sppm in sol. ® omloash sol. o nl. sol x 106D
sample weight » ml aliguat x 1000, 080D
A5 = ppm (S0 s 10=})
PO T
Z.2.100 Carbon
O 0250 ot air dried plant material was weighed ascowately  and
trame ferred te F0ml erlenmever  flashks. 1lml of M potession

gichromate (Hplralel weas added accwately into gach  flask. 2m]
of conc. H=504 was rapidly added using an automatic pipette or
measuring cyclindetr directing the strean into the mixtre. The flasks
welre swirled immediately but gently to start with, then vigorously for
one minute  and allowed to cool on asbestos sheets  for  about 30
minutes. 100 ml of distilled water was added and also Sml of
Orthorphosphoric acid {gives an environment necessary to obtain a clear

T
et
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e poant charinmg titration:. =4 dropes of  the  indicatoe

wninE)  was added  and titrated  with 005N Ferrooe sulghs

fedi by |

P T e

e

=rvd podnd. wag treated in the

withowt the plant meberizl, to standardize the dichromats.

loudatlions

Tl was oo

(buriedy in bl grownd &t a depth of O-20cm (In

Ther  lewagh Twizlwe  litter begs were esach placed in the three

Cagsla  siames breated plots (O 0.25) 1.e. plot noe 3, B and 10 (Ss=e

appenelix & for plot nuwnbers) for the short rains of 1983 and fifteon

for the long  rains of 15099 respectively.  In all the cases, one allsy
in each plot was selected for the placsment of the bags. Egual mumber
of bhags were each placed in the western, middle and eastert =ide of the

alley.



Trome that, for example, were placed on the western side, were buried
A4%m from the Cassia Fedge ad 4T com from the meize row, 1.2. 10
betwesn the maize row and  the Cassia hedge and the same applisd for
thewme  buried on the eastern =ide of the edge. Those buwied in the
middle were placed in between the twe Cassia Fedges. They were placed
hetween the middle maize row and the adjacent maize rows (see appendin

& for litter bags placement).

In a row the bags were hwied at egual distance from each other. Thires
bage were randomly unburied from easch alley (one bag from esach of the
western, middle and eastern positicns) aftter 10, 20, 3, &0 and 50

davs.

The litter bags were then untied and the contents transtered to paper
bacys . Later the soil was carefully washed off and the litter was taben
into the oven and dried at 100°C for 24 howrs, atter which the dry
waights were  taken. These weights were expressed as 4 sample weight

e~y

remaining wdeconposed (appendix 2, m & n).

R Statistical analvais

The results of the available nutrients in the Cassia siames loppings,

maire leaves, maire grains, maize stovers, soils and the dry weight of
weeds  were statistically analysed using INSTAT programme.  The analysis
o varlanes {(ANCRA ) tables are presented in the appendix .

Figrificarce was taken at the 54 level.

e
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CHAPTER FOLR

4. FESR TS AND DISCHERSTIOMS

The results pressated in this chapter are mostly for the long rains

(LR} and short rains (SR} of 1988 which represent the o seascons

investigated.

In the cazme of (Cassia sianmea loppings, some oreliminary analysis of
mutrients  had been conducted during the SR8V (see agpendix I, a).
These loppings (SRE7) were distinguished on the basis of the lopping
beight of the Gassis bedoe, which is normally 50 cm. Those above the
Socm {(xE0 oom) were relatively vounger shoots ss compared to those below
the mark which were clder. In the proceeding seasons, this distinction
wae ot fownd necesssaey since the loppings are not distinguishted btefore
incorparaticn. The nutrient compositicn for the LRE2Y (appendix 2, db
was  carried oot to try and gain understanding of the decomposition

experiment oF Dassia siamsa  loppings of  the same seascn using the

Lither I It was not oossible to carry b the deconmositicon

e it during the LRTEI simce the litter wos arrived when thes
sexece badd starbed  and the lncorporation of the loppings had already

been done.

Only the means are presented  in most of the tabiles that follow, the

actual  data  is conbained  in appesndin 2. The analveis of wvariance
tabiles (ARG is comtained  in apoencix 3 Figures i bvackets

stancard deviation (STH.

1 ST &

ifi

A,.1 dMutrient compositics for loppinge of Cassila

The nubtrient composition for the Caseis clamsa loppings for the o

soasmos of 1588 are presented in Table 1.



Table 1. Means of nutrient composition for the loppings of Cassia siamea (n=16&]

NUTRIENTS IN %

SEASCN N F K Ca M3 S MNa e C/N

LR'&8 2.65 0.12 1.14 2.23 0.5 0,00 .18 24,43 9.2
(0.17) {0.01)  (0.12)  (0.26) (0.05) (0.01) (0.0T)  (10.29) (I.67)

SR'88 2.4 0.10 .99 2.84 GL25 Q.04 020 227 15.08
(0.28) (0.02)  (0.16)  (©.40) (0.02) (0.01) (0.02) Z.77) 2.30)

The results indicate that the nutrients were not significantly different on
per plot basis except for Ca & Mg (LR'B8) and F & Ca (SR'8B) which were
significantly different (appendix %, b & c). Since there were no significant
differences betwsen the nutrients on per hedge basis, the reasons for the
observed differences are not obviows and therefore not easily explainable

other than by natwral inhomogeneities.

The nutrient composition for the LR'88 season indicate that there was a
higher ¥ concentration of some nutrients e.g. N, F, ¥ & 5 but 1omet-
concentration of Ca, Na, & C as compared to the OR'&3 season. [These
differerces were significantly different at 5% level except for 5. The
Cass=ia Medges are normally lopped twice a year in March {for LR) and October
{far SR). During the LR’ season the hedges had been growing over a period of
4 menthe as compared to & months growth for SR. There was therefore, a
differential growth period of 2 months between the LR & SR, The interim dry
period between October and March is relatively shorter than that between
March and October (see appendix 3 for rainfall figures). Hence, the LR'88
season’s loppings were  younger, more succulent, fresher, greener and motre

leafy as compared to the SR'88 loppings.



The above explanation suggests why there was a higher % concentration
~f the more mobile nutrients like M, F & F that are asscciated with the
vounger portions of  the plant for the LR'83 season and & Migher %
concentration of the less mobile nubrients, like GCa which get
immobilized once deposited for the GR'83. (Cooke 1782, Sutcliff & Baker
19787 . The C/N ratio for the LR season was narroeer (9.27 + F.&7) than
for the SR (185,05 + 2.30). This seers to have been trrouatit about by
both  the increase of C in the older woody material and decrease of N
durirg  the SR seascon. This, is supported by most of the preliminary
analyeed data which indicates a higher % concentration of N,F & K im
the younger portions and & higher concentraticn of Ca, & T in the clder
portions  (appendix 2, al. Daly for Na, Mg & S whose differences are

small do not Fully comply with this explanation.

4.7 NMutrient composition for madize leaves

Tabie 2 gives the average resulis af the nutrient composition for maize

leaves Tor the long and short rains of 1783,

Table 2. Means of matrient composition for maize leaves (i=4).

PMORIENTS IM %

!
=
ik

1

A ] F k. Za Ma

LI 1.75 Q.7 (@ 0.0
(0.0 (0. (0.07) (i,
CIpTROL A e 24 1.25 0.78 0.8 Q.7 £, 56 7R
(D07 (D,.00) (O.1d4)y (0004 (0.0 (0,00 RN Y (&et)
L st ] L LI L ; L ; L L
“OIMCH 19.20 1&6.70 40,00 28,80 25,70 14,720 14030 2270

SRTE8
TREATED 2.46 0.17 2.2 0,44 0.2 .05 0,52 IRJ7G
(0,0%) (0.0Z)  (0.0&6) (0.04) (O 02y (0.01) (0.04) (L.08)

CONTROL 2.2 0.14 1.82  0.28 0,17 0,04 D.25 'I: 10
(0.08) (0.01)  (0.14) (Q.03) (0.02)  (0.00)  (D.91)  (G.83)

LINCR 11,70 21.40 i1.00 S57.10  E5.30 0 26.00 0 28.00 2000

s




The maire leaves from +the treated plots had a higher concentration of

nutrients than the untreated plots as shown on Table 2 in both ssasone.

Though positive % figuwres were cbsetved in all the cases, anly N, Ca, Mg
(L) and N, F, Ca, Mg (5R) were significantly different. However, the
most importat thing observed 1z that the milches contributed
substantial amounts of all  the nutrisnts in the maize plant. This is
clear from the % increase of the treated plots relative to the
ceatirols. The nutrients compositicn of the leaves varied in the two
seazons  and  there is no clear euplanatics for  the fon sigrificant
differences obssrved. For N, F, Ca, M3 & 5 the LF'83 ssa=cn gave
appreciable  higher figures whereas K & C were smaller and MNa the S&E 2T
for-  the SRS, It is however, important o note that Hytr-id 11 was
erronecusly  planted dwing the SR'88.  The nunber of trestments invalved
were 2,  thereby giving only 1 degree of freedon, and also the nuwnber of
samples  taken (4 in each case) might have meant that if the differences
were not of  a bkig maognitude  in nature,"then aftter the statistical
aftelysles o significant differemnces would emerge. The amounts of mulch
ncorporated during  the o seacons that averaged 0.3 kgSm® {(depending
upon the bdomess  production of each Fedge, s appendix 4) could have
been  tco little to bring abeat a big difierence in magnitude between the

treated and control plots.

3.5 dutrient comoosition for maize arains

Meanz of  nubrisnt composition  for mairs graims for the long and shors

rains of 19EE are wesented in tabls 5.



Table 3. Means of nutrient composition for Maize grains (n=24)

NUTRIERNTS IN 4

SESSON I F K Ca e 5 Ma C

LIk’ 88 1.47 0.18 0,22 0.18 14 5,00 006 T7.97
TREATED (O0.07)  (0.08)  (O.03)  (0.01)  (0.02)  (0.00)  (0.02)  (F.99)

CONTROL 22 G.14 Q.17 0.16 0,12 0. 00 Q.04 ZH.07
(0.09)  (0.03)  (0.04)  (0.02) (G.03)  (0.00)  (0.02)  (Z.09)

AINGH 20,50 23,80 29 .40 12.50 14,70 .00 LA EN Ha0D
gR55

TREATED 1.52 D22 3.5 3,18 0,13 2,01 0,053 F7.6L

(G.08)  (0.04)  (0.02)  (Q.011  (0.01)  (0.00)  (0.01)  (2.1&)

CONTROL 1.41 0,17 .20 .16 0.1 0.01 Caind THLTE
(0.08) (0.02)  (0.02)  (0.01)  (0.01)  {0.00)  (0.01)  (Z.51)

“INCE 8.591 15.79 15.00 a.b7 18.18 £1,00 20,00 2.39

G4m0 im vRe rase  of  the malme leaves, the gralns also indicated s higher

corcantrarion  of  nubrients in those plots that received mulch as compered
tor thosze  that  did not. The % inorease of treated plots over controels

could  therefore e attributed to mulch application though not atl of them
were  significantly  different, N, Py i, Do, Mg & Pa were significantly

differont  for the LRG3 ad so were M, 7, . & Mg for the SRU8E (appendis

LEowms esplaised  provioasly  (o. 0 3020070 that two different winds of
im rmepact bto gralns l.e, compEeslte sanpling anc

= was done dug to the fart bhat dafs was needed Lo
cotablish  whelher  There were any  differences between the malze rows o
terms of  nabeient  compositicn. it had bteen cbhserved that the teo ocuber
ire  Fows  (eantsm and western) ootpertormexd the middle row in terms of
vield with the easterm vow outperforming the westerm row (Bee 4.0).
Establishing wrether this was as a resuls of higher concentration of

nutrients in these outer rows needed to be guantified.

0



Homever, when  the grain nutrients from these rows were statistical Ly
analysed, they were found not to be significantly different (appandin
Tl &om.

It has been pointed out that hybrid 511 was planted during the SRUHED.
The resuits for the two seasons indicate that the differences betiwesn
the treated and control plots in terms of all the nutrients except Mg
were  less  for the Hybrid maize (SR'EE) compared to  the Hatwnani
conposite K. Hybrid 311 is a long maturing variety compared to the
Fatumani  variety and is usually grown in the  wetter aress.  The
rainfall received during this ssason wWas, owever, higher than the
normal  expected average of 390 am oand wes well distribted Throcughout
ther growing seasson (appendix 3).  This snswied that the hwhrid maize
graw  to maturity and yvielded well. It was observed that this cultiver
grew taller and had an increased above groumd biomass compared to the
Eatumanl cultivar. If this extra shcot beight and biomess could be

oot bionass and desper root swvstem than bhe

reflactad v & grester
Fatwmand  oultivar, thesry it 1= possible that the Hybrid maire roots
@xploited mew  and  deeper sineral reserves whoch allowed it tao oerform
metter (Mangad et al. wpablished, Coulson. . et a1l 1%99),. Tl
narroser  differences in nutrients between the treated and contral plots
of the hybrid madce az compared to the Fatunani could be explained by
tha  fact that, pricr to the SR°83, the superimental plots had always

L plonted with Rabumans maize. It is likely that those succeszive

fie 1. 2 Pad  axbracted  matriznts dows to & certain depth of soil “

inothat depth bad become denuded of rutrients comparod o

P et

L ceice it. When bhe desper rooted byl id meire wes irvbirodueed ,

it iz jaomsible that its roots suploited new nineral ressrves at lower
levels and hence the observed increass  in the rutrients and viglds
(4.5}, The magnitude of the increase wes however, tigger for the
contirols  tham  treated plots. The reason for this could be that there
was  competition  tetween  the maize and Cassia in the treated plots for
both nutrients and water and also because there was  less  mulch
incorporated  (appendix 4) during this season than the DreEviols saason,

(Coulson et al 1989).



4.4 MNutrient Composition for Maize Stovars

Tnitially analysis of the nutrient for maize stovers was not in the
propozal.  To gain  some understanding of what happens to the levels of
concentrations of nutrients in the maize leaves once the grains form,
it waz considered important to perforn this analysis. The resulis of
L& could not give this trend sinze this analysis was not carried
ok, The s=same technigue as  that fir sampling the maire leaves was

Lsed .

Tabkle 4. Meane of nubrient conpositicon for gmaize stovers (n=4)

MUTRIENMTS 1M X

SEASTH rf = . Ca M3 = Na C
e G450 .04 23 0,53 .19 Qg 0.3D 24,93

TREATED  (OLOZ) {(D,01) (0,107 (0.0 {2.053) (.10 (D04} (0.65)

TR 1.3 i douis 0,24 a.14 0.5 0,049 IE.T0
YO GITY O 0.0Ly (0. (GL0Tr 0 (0.85)
S B SELETORILER S LIE.ER I LT 3.1 O UED 45,53 7.5

From these resulis, it was noted that there was a significant

cifference  with respect to My F & M3 {appendix 3y, 1). However the

el bm. (Ut as those of Tables 2 and Z) clearly siow the trend that

that recerved sulzh bad a higher concsctration of rulrients

that dic pot. b is al=o obzerved thet the stover contailned
B e copcenticaticon of nubrients wien conpared o mature malze leaves
analveed  ab tle  tasssling stage (Taole 2).  From this comparison N
irdicated  the highest magnitude of decline followed by F oand B, These
rutrisets are mobile  in the plant and may have been translocated fi-om
the leaves to other plant organs like the grain before the leaves
becate =enile, (Mwangi, 19689, Cooke 1982, Sutcliff & BRaker, 1973). The
magnitude of the decline for the other elements was samll and this may
be explained by their low mobility in the plant.

]
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4.5 Yields (grains) in gfrow

Table & shows the maize yields in g/row for the long and shoet rains of
1988 epressed on per  row basis and not in tonnessha. This is due to
the fact that the yield will depend on plot dimensions and the ancunts

of milch applied on per wunit of surface.

Table 3. Mean vields {(grainsi in g row.

SEAE0 TREATED HLOTS CONTROLS

Flot No. Q7 Flat hNo. 7 e
LRG58 2 AT LE i ZEE1LE
= EFETLT S S
3 25678, 7 1794,
10 257a.2 iz TEVR.
T ZICFL0 i e W

(31400 (E54.0)

SR B z 4569, 6 1159.9
7 TAEG. S

3 J5E5.3

AL

To b~ IR b

1o 43710 2 IEET.E
£\ 42532.4 NiE] SEILLG
(45507} {224.1)

—

ated  and control plots consiszted of a total of 2 and 12 rows

2aich hedge oy was replaced by oa row

(appencdis ). The vields

g2 of 7 malze rows whila in the contirol it
Was &N average of 17 rowe. O a per ros comparison, the results reveal
that the treated plots oct—perforssd the control plots by approsimately
SN for the long radns of 1988 and 12Y for the short rains of the same
Vear. There waere however no significant differerces boetween the yvields

firam the contirol and those from the treated plots {(appendisx 3, n).



Hybtrid S11  planted dwing the SR'38 did better than Fatunani R
composite of LRTE3. However, the differences between the treated and
centrol plots for the Hybirdd was  less (12%) than that for Eatumani
{32 . This was due to the fact that there was a greater increase in
the hybrid controls of &2% from the LR to 2R as compared to the treated
plots  of I3, Thus, the yvields in the control plots increased more
than those of the treated plots when the LR and SR were compared. These
chservations  support the inference previously made (c.f.3.7 that the
raot competition caused by rain anddor crop phenotypic differences
could strongly influence the crop  vield. This concept is further
zupeorted im spancn that followsd the Hybrid planting (LR 89) wien
katumanl  conposlite B was planted again. In this situation the controls
did worse than expected. The treated plots ocut vielded the controls by
. Thiz cowid have been the result of extra sutraction of nutrients

as A reEsult of Hybrid 511 duwring e previous season (Coulern et al
; g P et al

e e il rows (@ashEsrm and westEm) onext o the Cassla siamEa
T e Cetter than  the middle row with  the wasterm row oui

performing the westerm row in both ssassons (Table Si.

Taizle &, Mean  marze  yields (girow) for the T malze rows inside b

Cassia allevs.

B e MIDOLE EASTERN
| 5 IR

With respect to row positicons, it wes only the middle row of SR83 that
was  significantly lower than the other two outer rows (apperdis 3, gl.
Thiz phenomenon was similar to whet Sang &% Hoelbstra (1987h) had
citrzsrved . They attiributed this to dosmward movement of nutrients and
water due to slopy terrain benefiting the crop st the lower level

immediately above the hedge. Statistical analysis of maize grain
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contiral plots, This increase in Soi. maebrients

e wa il bhe dncres

vt

1l mtrispts s

obseEreed

af The lead malches since 2R Fhagryd (L7

ersase in seil matrients with time o mulcohed plots,

S ErCRIrEEElvVE

fere. The lower grein vields in

s the plots were not

the ocomtrol plots seem attribotable to the low rotrients brooght aboot

v bhe remoeal Marvested  olant osets without oz replacesset

it

the g3 factors such & sl o moisture carnmot

ot fean @
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Furmiadl  urpals) oy

iTirm that  the produchtivity of

oAt Lo

Maizesias alley oropping svetem is greatly  influenced by

~=2inTall  snd =01l nutritional status. From bis data, it appears that

atbxve a certain rainfall level, the e row maize vield in the allevs
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iz greater  than that of the controls and as raintall increasss above

figure, the oF the btrestment vield ecomes la-ger than

The radnfell degr

in the alle

o hhe oo

tlhm malre e A

[T e [

more  below bhat of b sl due to the concetition for owater w

i
o

Thos, 1t wold appess that, the benefits of the added mul

A ey mach dependent o on =01l water availablliity as governed

s g

&l

rainfall  and modsturs comp

distribotion of Cassia

preliminary shtudy of  the
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dec'mp:zssitim 15 that Casmeia siamea. like other members of  the

Caeszloinoidess, have phenolic comoounds  wiich ars Bnoen to inbibit

hesomEesing and n i bacteria and

Fio Witk f

.
-
o

[y thie 3

Thez izl ic g Lihe amoaant o

logpings is nobt particoularl- 2 and

et
availlability may e slocsed by the presence of these compounds. Pecauss

L]

of  thiz, the euronetial esustion described by Budelman (c.of. 2.04) for

miloh may noh sadeguatsly fit in bhe present case.

of mubrients reloase
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=3 Thatl, the

wEz Lol

miore rapld decomposition and minerslization of M owhen the leaf moalchss

were  marled  inm the soll a=s conpared to Terminalia brownii which hasd s

wiitder CUON ratlo.

The C/HN ratin of a0 organic materisl as an indey of bicdegradability

could b= complicated by oa number of fectors particularly the phyvsical

arcd  ohemical  characteristics of  subkstrate  (Agbim, 1987).  Yamoab ot

cutbhaebs

"

Rl. 0 (1FEEA) Fouad oot that the diy owatter loss of the Cs
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i bhat bhs of cecomp

e important for soll molsture conservaticn,

apiaiied  ab the swface m
Lt

1l temperatuwe regulaticn and  weed controel. Alec,  perhaps the
rotential  of  alley cropping svetems could b etter exploited by using
a fazt decomposing species like Gliricidia or  Lewcsena along with

Cassia in order to provide both N and organic materials on a sustained



On the other hand, a relatively slow deconposition and mineralization

of mulches like the ohe potrayed by Cas:sia siamea night be advantageous

tee the crop in that 1t may prevent esxcessive nutrient loss theough
leaching of the nutrients that have not been taken up by the plant. 70
to 0% of the Cassia had decomposed within &0 days.  Young (1939) e

decscribed Cassia siameg as having an intermediate rate of decomposition

releasing most of its nitrogen within & days of application into the

=nil.

An earlise  investigation  into the effects of decomposition during the
drv  pericd indicated thet nearly 200 of the incorporated Cassia could
b= lost within a pericd of &0 days (appendix 2. pd. The loss in the
diy mmason could mostly be attriboted o termite sctivity as evidenced
by their gullies and theilr congregating in and arouand the litter begs.
Tz  termites are very predomimast in this areas.  They are very mobile,
h=ce, lopping the Cassia and incorporating it into the =nil too long
tezform thae onset of rains may mear risking the nubrients being csarised

aviey Trom the plots orce the termites start to feed on the loppings.in

-

addition, Tuigi coald also have plaved & role in the oroo
decompezition  for the mulch inside <he litter bags was freguentls
emtedded in fungl s mvcelial mass. Agbim (1987) carrying out a study
o oy zeason deconpositicn of  leaf  litter from five common plant
species  of Mest &frice observed a loss ranging from 25,6 o &334 under
field modsture sbiress and concluded —<hat possibly the mein agents of

TECTn iticm  im oy sssson are fungl, Trhey achieve this by growing

=1 { i

and  ramityirng  into the substrste  wizh their mvoelial (eadt gt oal.,

cbzervations wre not entirely oxclusive ta the diry ssason, for
during  the  wet sesscons the sare obssrvalicons were made bot 1t wexdd be
azzumed  that, as Aghim (1787} suggested, bacteria might have had & moare
important role to play  in decomposition during the wet than the dey
SEASC . The traditicnal time adopted by DARF Project for lopping the

Cassia of 0 to 2 weeks hefore the onset of rains (i.e. before crop

42



planting) My therefore eeem justified uwnder these comditions.
Scientists at IITA (1987) observed that prunings applied during the
pericd  three weeks before planting up to planting bad an effect on M
c'mtent of maize that was equivalent o that of applving N fertilizer
at 20 kg/ha for Gliricidis and 80 kgsha for Flemingia and Cassia and
that Ffor Cassia and Gliricidia. Mitrogen relessexd by the decomposing
materials was more effectively used by the crop when the prunings were

applied close to the time of planting.

Dz to its  zlow rate of decomposition, it would therefore appeai that

Cassia Siamea loppings are not suitable for side dressing, when one hes

in wind  the benefits of nutrients  for the growing crop, bk shoald

alwave be incorporated prioe to planting.
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CHARTER FIVE

3. CONCLUISTONS AND FECOMMENDATIONS

The study has shows that using Cassis sismes loppings as green manure

does  improve the vields snd  the mineral nutriticoal value of malze.
This syetem of management can contribute zignificant amounts of
nutrients  to the companion crop which may lead to higher vields without
the use of costly fertilizers which most farmers canmot afford in thess
ArBaS. The mractice can alsc maintain and even improve the fertility
of  the =oil. Thare were more nutrisnts i the treatsd plots compared
to the controls with respect to malze leaves, stoverz and grains. The
yvields were higher on per row basis of the treated plots = compared to
the controls. However, when the total arcas were taken into ACCont,
the relative advantage of mulch incorporation seensed to barely make up
for the area occupied bv  the redges. [t is therefore necesssry to

wndertake  nore trials  on molti-purpose crees (MRT)Sshiubs foe alley

crompang trials in order to improve the et value of allev cropping

Ll semiarid conditicns.

e checomposltion rate of Cassia siames was rather oo, o kb full

bemaefits  of nutrient releaszs into the =oil and subsequent wptake v the
malze  crop. it ls suggested that, the loppings should be incorporated

o the scil O-Z weeks before planting (seec ing}). MHowever, a syvetemabic

rmice the optilmen fime for mulch incorperrstion in relaticn

o mineralizaticn  hoth for Coacsis and o thee Aot o
o these semi-arid srsas
rerommeided . I additicn o ihe

foim the soil should be assesszed Lo determine the

tectrione,
Mo fluwe dvnamics  duwring  the pericd of mineralizaticn. A study of the
roele  of soll macro and micrs organisms in relaticn to =51l moisture snd

=01l temperature in decomposition and mineralizatics is recomrended .



To be able to coms Up with an accurate detsrminaticn of what happens tog

the nutrients of
to establish a balance b tiween
left

in the soil.

should be dome similtanexusly

pParameters.

There is  appreciable competition
crop in thE  svatem es pecial ly
Fairnfall  is limitis G. More res

pecl b

oF roobs

atrch ges

the loppings once mineralired, it would be necessary

what is taken up by plants and what is

To achieve this it is reconmended that samfrling

for both the above and bezlow grrcund

Tor waler by Caceis Fexige and mairs

it water whickh iz & furctioe of

At uridlerstanding the §

PO &y

iz

=hesal o EfFICNTRDED .

mrlsture  and  notrient competition  in the svsten, desper rooted tress
which wold act as mutrient pumps shoule me QUi .  =esearch irho +he
different management reglmes  to bring  tadis  aboot ang the otaices of
sSpECies iz recommendesd .

The  magnitude of the ncreass  of  the vield oo per row bazis of the
treated  plots  over the controls wss approsimatel VoA &L for the LR
& SROEZ, The drop during the 5983 ac compeuren] to LRSS ma

due  toe the different cultivar CHvlnrid 5310 i} arbed e ing

opposed e bl Fatumani

Machakos.,

composlite B

The  Hybrid did better than the Fatumani

s SR

in

that  ds  normally ol erbed

conposite in terms

of  total vields, bt the controle of the Hybwid ircressed more thas thu

treatments when  the LF

& B are compared.

The Hybeid was apparerit iy

able to exploit the contrel areEa more effectiqelv.

Alley  cropping may  rezult
grains  as  eviderced by

gramns  of the treasted plots

higher concentraticns of Mutrients

as compared o controls,

in the additiocnad nutritional value of the

i the maire

It might aleo

resilt  in other beneficial factors like =il erosion cortral,, improved

infiltraticn,

environment as

the Cassia =iames hedge in terms of fimal Qrain

nutrient and water harvesting and &

evidenced by the SUpErlority of the maize rows nest

better micro—climate
to

vield.

4




Incorporaticn of mulch was fourd to enhance the growth of weeds., The
weed bilomass was higher in the treated plots as conpared to the control
though  the  differences were only significant  for one season. This
might  have bsen as a result of mywe available nutrients in these
treatment plots due to the decomposition snd mineralization of the
incorporated malch. It is reconmended that weeding should always be
done  promptly to enswre that the orop benefits  mectimamamly firom

whatever advantages the incorporated molich might bring into the soil.

Alley cropping in the semi-arid areas aimed at increassing vields with a
degree of sustainability 1z not &= clesr cul as in the more humid
areas, Tor rainfall asd notritional status of the =soll seem to dictate
to a large extent the =uwcesse of the system. However, with propes
management  and use of apwopriste 'FTs may  lead to better use of

wrealible rainfall (snil moisture) and available nutrients in =01l for

vield sustainability and improvenent in these areas.

b ]
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APPENDIX 2

1a) CASSIA SIAMEA HEDGEROWS SAMPLED ON 14/10/87 {SR'8T)

NUTRIENTS =~ IN %

PLT.NO.  POSIT N P K Ca Mg S Na c C/H
2 YOUNG 2.64 0,16 1.52 1.96 0.18 0.0 0.20 42,33 16.03
OLD 1.96 9,11 1.22 3.40 0.21  90.08 3.18 51,00 26.02
3 YOUNG 2.23 0.12 1.38 1.57 0..5 0.08 9.26 48.00 21.52
QLD 2,00 0.11 1.2¢ 3.02 0.:8 0.07 0.217 50.63 5.32
8 youne  2.24  0.14 1.%6 1.74 0,28 0.07 0.28 34,50 15.40
QLD 1.42 0.12 1.10 2.84 0.1 0.09 0.19 43.00  22.40
10 YOUKG 2.80 0,13 l.e6 1.64 0..8 0.08 0.24 50.25 17.95
OLD 1.8 0.1 1.2 2.5¢ 0.20 0.06 0.20 £9.38  37.50
AVARAGE  YOUNG 2.48 0,14 1.5 13 0.1 0.08 0.25 43,711 17.865
OLD 1.9 0.11 1.21 2.95 0.20 0.08 0.21 53.50  27.02
5TD b 0.25 0.01 0.1C 0.15 0.61 G.00 0.03 6.08 2.38
3 8.06  £.01 0.¢7 0.31 0.61 0.01 0.04 3.71 5.76
YOUNG = TOP PARTS>S0CH
OLD = LOWER PARTSCS0CM
(b) CASSTA SIAMEA HEDGEROWS SAMPLED ON 23/3/88 {LR'88)
NUTRIENTS HA
LT, RRHC { ¢ K Ca hi 5 KE! C Wh
2 1 AP0 N 5 5 S AP 0.6 0,04 8.19 17,20 7.49
! 2 2.47 6.1 L6 .30 9.03  0.04 0.18 ig.38  15.74
2 3 2.61 0.1 .24 2.3 0.9 0,07 0.24 16,50 6.32
2 4 2.63  0.12  1.24 268 0,07 0,03 0.17 20,25 7.70
] i 2.99  0.13 1.3 .28 0.24 G.06 0.13 3.3 11.1
3 2 2.82  0.1¢  L.16 2.44  0.15  0.06 0.12 §5.75  16.2
] 3 .54 0.11 1,18 2.36 0.6 0.0 0.16 12.75 5.02
3 4 2,62 0,12 1.12 2.64 0.26 0.05 0.21 17.60 6.72
8 1 2.68 0,12 1.3¢ 1.88 0.30 0.05 0.18 34.50  12.87
8 2 2,71 0.11 1.08 2,04 0.28 0.04 0.1% 15.75 5.81
8 3 2,57 0.1t 1.i2 1.80 0.27 9.C4 0.117 19.50 7.59
8 4 2.5¢  0.10 0.97 2.086 0.28 0.04 0.14 21.00 8.40
AVERAGE 2.6 0.12 1.16 2.25 0.23 0.0 0.18 24.43 9.29
0.01 ¢.12 0.26 0,35 0,01 0.03 10.29 3.67

STD 0.17



CASSIA SIAMEA HEDGEROWS SAMPLED 0N 5/10/88 {SR'88)
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{e) MAIZE LEAVES SAMPLED ON 21/5/88 (LR'88)

PLT.NO. POSIT. N P K Ca Mg S Na c
1 CONT 3.22 0.24 1.4 .80 G.25 0.06 0.25 36,75
5 CONT 3.11 0.23 1.14 0.82 0.29 0.67 0.30  23.52
1 CONT 3.04 0.24 1.16 .72 6.30 0.07 0.28 3.62
2 TREAT 3.35 0.27 1.88 (.92 0.35 G.08 0.37 2675
3 TREAT 4.04 0.32  1.98 12 0.38 0.07 0.37  22.38
8 TREAT 3.58 0.27 1.26 (.98 6.37 0.09 0,27  12.65
10 TREAT 3.92 9,24 1.86 0.87 ¢.41 €.06 8.26 22,82
AVG.C 3.12 C.24 1.25 0.78 0.28 6.7 028 27.%%
AVG.T ) 0. 28 1.75 (.98 G.38 £.08 c.12owm
SINCREASE  15.20  16.70  40.00  25.60  35.70  14.30  14.1C .70
STD ¢ 6.07 0.00 0.14 .04 0.02 G.00 0.2 6.22
STD T 0.27 0.03 0.28 0,09 0.02 0.01 0.05 4.62
(£) MAIZE LEAVES OF 9/1/89 (SR'88)
PLT.NO. POSIT. NUTRIENTS I ¢
N P K Ce Mg S Na o
1 CONT. 2.24 0.15 1.94 (.32 0.19 8.05 0.27  31.30
5 CONT. 2.10 0.13 1.80 (.26 0.15 0.04 0.23 1.30
7 CONT. 2.17 0.13 1.60 (.24 0.14 0.05 0.25  32.30
12 CONT. 2.31 0.15  1.94 (.31 0.18 0.04 0,26 33.30
2 TREAT. 2.38 0.18 1.97 (.42 0.20 0.05 0.30  33.99
3 TREAT. 2.51 0.20 2.00 (.48 0.23 0.04 0.39 33.7¢
§  TREAT. 2.45 0.16 1.98 (.46 0.26 0.06 0.29  31.50
10 TREAT. 2.49 0.15 2.12 {.38 0.24 0.905 0.28 31,90
AVG.C 2.21 0,14 82 (.28 0.17 0.04 0.25 32.10
AVG.T 2.46 0.17 2.02 44 0.23 0.05 0.32 32.75
LINCREASE 11.30 21.40 11.00 57.10 35.30 25.00 28.00 2.00
STD C 0.08 0.01 0.14 03 0.02 0.00 0.01 0.83
STD T 0.05 0.02 0.06 £.04 0.02 0.01 0.04 1.06
N.B.

Control (CONT) plots recieved no mulch treatment
Treated (TREAT} plots had mulch inco-orperated before planting
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{g} HAIZE GRAINS SAMPLED ON 21/9/88 (LR'88)

PLT.NO.  POSIT N B K Ca Mg 5 Na c
CONT.1  WHOLE 1.27  0.16 0.2 6.16 3.14 0.00 0.03 40.82
CONT.1  ROW 6 1.23 ¢.i4 0.20 0.18 ).13 0.00 0.03 38.95
CONT.1  ROW 7 1.27 ¢34 0.1%8  C.14 .13 0.00 0.04 37.8¢
COKT.1 ROW § 1,31 C.i5 0,18 0.1 w14 0.0C 0.02 3.2
CONT.5  WHOLE 112 6,16 0.1 016 .13 .00 .03 3.t
CONT.E ROW 10 1.07 0,11 .17 0.1 J.12  0.0C ¢.02 35,67
CONT.5  ROW 11 1,15 ¢§.1 0.20  c.1e 2.i7 0 0.0 0.03 1825
CONT.5 ROW 12 1,11  ¢.19 0,17 C.20 .1 £.0C ¢.02 3.9
CONT.? WHOLE 1.16  0.09 ©0.14 0.16 .06 G.0G 6.02 250
CONT. 7 ROW 2 1.1§ ¢.14 ¢.,12 C.16 1.1z 0.0C ¢.62 41,63
CONT. T ROW 3 1.18  0.16  9£.13 0.14 .10 0.00 .03 36,55
CONT. 1 ROV 4 .11 0.16 0.11 0.12 )16 9.00 .02 32,62
CONT.12  WHOLE 1.30 0.12 0.10 0.6 .08 0.00 0.04 34.32
CONT.12 ROVW 6 1.36  0.18 0.16 0.14 J.11 0.00 6.07 41.26
CONT.1Z ROW 7 1.25 ©¢.17 0.26 0.14 ).20 0.0D .06 3341
CONT.12 ROW 8 1.35 0.15 0.23 0.14 J.10 9.00 ¢.07 37.17
TREAT.Z  WHOLE 1.46 0.16 0.22 .18 3.14 0.0C 0.03 39.34
TREAT.2 ROW 1 1.43 .16 0,20 ¢C.1¢ .13 0.00 0.04 42.02
TREAT.2 ROW 2 1.4 0.18  0.20  £.18 5.1s 8.30 v.04 Ju.50
TREAT.2 ROW 3 1.46 0.2 .24 0.18  3.i3 G.0C .05 Tia it
TREAT.3  WHOLE 1.53  0.27 0.28 0.20 3.15 0.00 0.06 43.92
TREAT.3 ROW 7 1.46 0.24 ©¢.26 0.18 1.15 0.00 0.05 31,67
TREAT.3 ROW 8 1.68 0,24 0,24 0.18 .15 0.00 0.05 36.86
TREAT.3 ROW 9 1.52  0.25 0.26 0.20 3.15 0.GO .05 I
TREAT.§  WHOLE 1.54 0.16 0.20 0.18 J.14 0.01 0.06 1.5%9
TREAT.8 ROW 4 1.42 0.21 .19 0.16 J.20 Q.CL 6.07 39.34
TREAT.8 ROW 5 1.41 0.18 0.23 0.18 1).13 0.00 0.08 34.52
TREAT.§ ROW 6 1.4¢ 0.14 ¢.21 ¢0.18 -3.15 0.01 0.08 40,10
TREAT.10 WHOLE 1.47 0.16 ©0.1%9 0.18 3.16 0.00 0.08 41.89
TREAT.10 ROW 7 1.47 0.14 0.18 0.16 .12 0,00 0.08 39.82
TREAT.10 ROW 8 1.37 0.15 0.18 0.20 3.13 0.G0 0.06 36.45
TREAT.10 ROW 9 1.40 0.11 0.20 0.18 09,10 0.00 0.07 34.86

AVG CONT 1.22 0.14 17 16 11z 0.00 0.04 36.87
AVG TREAT 1.47 0.18 . 0.22 0.18 0,14 0.00 .06 31.97
%INCREASE 20.50 28.60 29.40 12.50 15.7¢ 0.00 50,00 3.00
STD € 0.09 0.03 0.04 0.02 0.03 0.00 0.02 3.09
SO T 0.07 90.04 .03 0.01 9.02 0.00 0.02 3.59
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(h) MAIZE GRAINS SAMPLED ON 30/5/89 (SR'88)

PLT.NO.  POSIT N P K Ca Kg 5 Na €
CoNr,1  WHOLE 1.45 0.19 0.19 0.16 0.12 0.01 0.04 38.9¢0
CONT.1  ROW 6 1.43 0.17 0.17 0.14 0.10 0.0% .03 37.20
CONT.1 ROW 7 1.53 0.19 0.21 0.17 0.13 0.01 0.05 36.8C
CONT.1 ROW 8 1.41  0.1%9 0.19 ~0.14 0.12 Q.01 .06 40.20
CONT.5  WHOLE 1.3 0,19 0.23 ¢.16 .12 0.01 0.05 37,50
CONT.5 ROW 10 1.42 C.ip 0:21 0,14 0.10 0.01 .06 5.90
CONT.5S ROW 11 1.41  0.16  ¢.21 0.1 .10 9.6 g.02 2010
CONT.5 ROW 1 1.29  G.1¢ 0.8 ¢.16 .10 C.C 0.04 3200
CONT.T WHOLE AT L T SO V0 £ ¢.ll g.04 P
CORT.? ROW Z .38 Guie .z LI A St H 3L.60
CONT.1 ROW 3 1,32 ¢.17 0,18 0.16 .10 0.0% 0.0¢ 0.1
CONT.7 ROW ¢4 1.42 ¢.1¢ 0.19 0.15 3,10 ¢.Cl .04 3€.7¢
CONT.12  WHOLE 1.43 0.23 0.24 .16 23.13 0.01 0.04 37.80
CONT.12 ROW 6 1.47 0.20 0.21 0.15 .1z 0.0 0.03 33.00
CONT.1Z ROW 7 1.42 0,22 0.21 .14 3.12 9.0 0.06 33,36
CONT.12 ROW 8 1.40 0.1%9 0.1 0.1& 3.10 C.CL £.03 1.2
TREAT.2Z  WHOLE 1.60 0.25 0.2¢6 ¢€.16 3.14 G.0I .C5 34,66
TREAT.Z ROW 1 1.66  ¢.22  0.23 0.17 .13 0.0 0.05 5.30
TREAT.2 ROW 2 1.6 6.25 0.23 0.15 J.13 0.01 ¢.04 36,20
TREAT.Z ROW 3 1.50 0.2z ©¢.21 0.14 1.12 0.0 0.05 310
TREAT.3  WHOLE 1.48 0,29 0.26 0.16 2.14 0.01 0,02 36,81
TREAT.3 ROW 7 1.51 0.27 0.24 0.6 3.14 ©.0L 0.05 39.2C
TREAT.3 ROW 8 1.42 0,27 0.24 0.17 .14 0.0L 0.04 §.60
TREAT.3 ROW 9 1.42 0.16 0.23 9.18 J.12 0.0 0.06 39.67
TREAT.8  WHOLE 1.55 0.21 0.23 0.16 .13 0.0 0.06 38.30
TREAT.8 ROW 4 1.63 0.20 0.24 0.16 .13 0.01 0.05 37.90
TREAT.8§ ROW 5 1.53 0.27 0.26 0.17 214 G.01 0.0% 34.60
TREAT.8 ROW 6 1.62 0.19 ¢.21 0.16 .12 0.0l 0.06 39.3¢6
TREAT.10 WHOLE 1.5¢ 0.19 0.23 0.15 xi2 ¢C.01 0.04 39.10
TREAT.10 ROW 7 1.48 0,19 6,21 0,14 .12 0.01 0.03 40.5¢
TREAT.10 ROW 8 1.60  0.19 0.23 0.15 3.1z 0.01 £.04 31,90
TREAT.10 ROW § 141 0,19 ¢.21 0,17 )12 0.0l 0.0% 36.80
AVG CONT 1.41 0.19 0.20 0.15 )11 G.01 0.04 36.73
AVG TREAT 1.53 0.22 0.23 0.1 .13 0.01 0.05 37.61
-RINCREASE 8.51 15,79 15.00 6.67 13.18 G.00 25.00 2,39
STD C 0.05 0.02 0.02 0.0} J.01 0.00 0.01 2.51
ST T 0.08 0.04 0.02 0.01 J.01 0.00 0.01 2,16

CONT: For control plots

TREAT: For treated plots (Mulch was inco-orporated)
WHOLE: For composits sample representing the whole plot
ROW:For one maize line (No. of line given e.g 1}
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{i) MALZE STOVER SAMPLED ON 21/3/89 {SE'88)

PLT.NO. POSIT. NUTRIENTS IN %
N P K Ca Mg s Na c

1  CONT. 0.35 0.03 1.07 0.2f 0.14 0.03 0.22 33.00
3 CONT. 0.23 .02 1.02 0.27 0.12 0.04 0.25 32.00
1 CONT. 0.22 0.02 0.99 8.21 0.13 0.04 0.20 31.40
12 CONT. 0.33 0.03 1.24 0.2¢ 0.15 0.03 0.28 33.60
2 TREAT. 0,42 0.04 1.28 0.3: 0.21 0.04 0.32 35.20
] TREAT. 0.42 0.06 1.2 0.3¢ 0.11 0.05 0.37 35.80
§  TREAT. 0.49 G.03 1.07 0.3z 0.19 0.04 0.29 34.00
i TREAT. 0.40 0.04 1.26 0.31 0.24 0.04 0.40 34.80
AVG.C 0.28 .03 1.08 .24 Jd4 0.04 0.24 32.50
AVG.T 0.43 0.04 1.23 0.33 0.19 0.04 0.35 34.95
$INCREASE  53.57 33.33 13.88 37.5¢ 5.1 0.60 45.83 T.54
3o C 0.06 0.60 0.10 0.02 0.01 0.00 0.03 0.8%
51D T 0.0 0,91 9.09 0.07 0.05 0.00 0,04 .65

4.8.

Control (COMT) plots recieved no mulch treatnent
Treated(TREAT) plots had mulch inco-orporated before planting
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(LR'88
3.00
3.00
1.00
3,00
3,00
4.00
4.00
4.00
4.00
4,00
4.00
3.00
3,00
3.00

.00

2

C%
0.70
0.80
0.64
.61
0.42
0.53
0.67
0.23
0.24
0.7
0.92
.87
0.72
0.82
0.85

0-20CH

N%

6.07
0.87
0.08
.04
0.07
0.04
0.05
0.03
0.02
0.07
.07
C.06
0.07
0.09
0.03
0.08
0.06

Pppm
.00
8.00
12.00
4.00
20.00
16.00

0.28 10.00
0.3% 10.00

0,28 10.00
19.00

21.00

<

Mn
0.35 18.00
0.36 12.00
0.32 13.00
0.31 12.00
0.28 12.00
8.39 18.00

0.42
0.42 20.00

0.59

0,38 18.00
¢.36 18.00
0.46 18.00
0.34 18.00
0.39 16.00
0.38 14.00

0.28
0.26
0.34
.34
0.36
0.39

Mg
1.30
1.20
1.00
8.70
0.80
0.80
1.00
1.80
1,00
1.10
1.00
1.20
2,80
1.60
1,80
1.40
1.50
1.50

m.e %

6.20

IN
Ca

0.60

GOIL SAMPLED ON }0TH SEPTEMBER 1988: DEPTH
Na

PH
0.18

PLT NO POSIT.

i)

uY oo go
D2

-
o

5.

Lol B aS

oy

.60
36,70

<2

6.36
18.560  0.48
49.00 33.29

2 12.08

J.41

0.
28,10

0.56 1.08
71 1.3
26,80 71.20 70.30

1
9.21
50.00

Anuym
i
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{k} WEED SAMPLES TAKEN ON 18/11/88 {SR'88)

PLT.NO. POSIT. DRY WGT IN GMS PLT.NO. POSIT. DRY WGT IN GMS

1 ConT 4,4 2 - TREAT 5.2
1 CONT 3.9 2 TREAT 13.8
1 CONT 3.9 2 TREAT 8.8
1 Ccowr 1.4 2 TREAT 7.4
1 CoNT 2.6 2 TREAT 12.4
1 CONT 5.6 2 TREAT 11.7
1 CONT 3.7 2 TREAT 11.6
1. CONT 4.9 2 TREAT 11.0
1 CONT 5.8 2 TREAT 10.4
1 CONT 4.3 2 TREAT 10.7
1 CONT 4.8 2 TREAT 10.6
1 CONT 2.5 2 TREAT 12.6
5  CONT 6.8 3 TREAT 15.6
5  CONT 8.4 3 TREAT 12.3
5  CONT 7.3 3 TREAT 11.8
5  CONT 2.9 3 TREAT 11.6
5  CONT 2.0 3 TREAT 16.0
5  CONT 3.3 3 TREAT 15.1
5  CONT 6.3 3 TREAT 18.3
5 coup 1.6 3 TREAT 15.1
5 CONT 7.6 3 TREAT 19.1
5 CONT 9.0 3 TREAT 16.8
5 CONT 3.6 3 TREAT 37.8
S CONT 1.9 3 TREAT 16.5
7 CONT 7.4 8  TREAT 8.3
7 CONT 4.4 8§  TREAT 12.2
T CONT 1.0 8  TREAT 4.3
T CONT 7.6 8§  TREA" 6.2
7 CONT 1.0 8  TREA" 16.4
T Con 8.2 §  TREAT 8.6
7oy 1.2 3 TREAT 5.8
ToooooNT 3.0 i TREAT 3.3
7 CONT 4,1 3 TREAT 27.4
TcouT 7.4 8§ TREAT 12.0
7 CONT 5.8 8  TREAT 15.%
7 CONT 6.0 8  TREAT 7.9
12 CONT 8.2 10 TREAT 13.2
12 conr 6.4 1 TREAT 8.4
12 CONT 8.9 10 TREAT 11.4
12 ConT 5.9 10 TREAT 30.4
12 CONT 3.1 10 TREAT 15.4
12 COoNT 4.2 10 TREAT 7.1
12 CONT 2.4 10 . TREA?T 12.2
12 CoNT 5.4 10 TREAT 5.5
12 CONT 4.4 10 TREAT 14.2
12 CoNT 7.3 10 TREAT 5.7
12 cont 3.9 10 TREAT 8.2
12 CONT 4.2 10 TREAT 9.8

AVG C 4.8 AVG T 12.3

STD C 2.2 STD T 6.2
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{I) WEED SAMPLES TAKEN ON 29/4/89 (LR'89)

PLT.NO. POSIT. DRY WGT IN GMS PLT.NO. POSIT. DRY WGT IN GMS

1 CONT 1.9 2 TREAT 12.3
1 CONT 4.9 2 TREAT 2.4
1 CONT 1.9 2 TREAT 1.1
1 CONT 0.8 2 TREAT 1.3
1 CONT 3.5 2 TREAT 1.2
1 CoNT 0.4 2 TREAT 1.8
5  CONT 5,7 3 TREAT 21.9
5  CONT 18.3 3 TREAT 6.8
5 CONT 12.3 3 TREAT 2.9
5  CONT 8.0 3 TREAT 1.5
5 CONT 10.6 3 TREAT 13.4
5 CONT 33.0 3 TREAT 42.7
7 CONT 45.4 §  TREA" 248.0
7 CONT 37.5 8 TREA” 132.3
T CONT  74.3 §  TREAY 4.5
T CONT O 39.38 §  TREAT 17.1
T coNT 19.0 §  TREAT 11.1
T CONT 18.2 §  TREAT 133.2
12 coNt 70.9 10 TREAT 146.4
12 CONT 80.3 10 TREAT 33.4
12 CONT 87.4 10 TREAT 3.2
12 CONT 81.2 10 TREAT 12.4
12 CoNT 65.9 10 TREAT 13.8
12 Ccont 18.9 10 TREAT 8.7

AVE © 29 AVG T 18.3

57D C 27.9 370 7 §1.1
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(n)  DECOMPOSITION OF CASSIA SIAMEA - LONG RAINS ‘89

TINE
PLOT ROW NO. 0 10 20 30 60 30

3 1 100.0 61.0 54.3 36.0 10.4 5.5
3 2 100.0 12.0 35.4 34.8 4.9 4.3
3 3 100.0 15.0 56.7 26.8 1.9 1.9
3 1 100.0 99.1 36.0 .1 11.6 3.7
8 2 100.0 73.8 45,1 26.8 6.1 3.0
8 3 180.0 79.3 38.6 31.7 15.2 3.
10 1 100.0 44,5 36.0 1.1 19.5 N
10 2 100.0 70.7 43.9 26.8 15.9 0.6
1 3 100.0 62.8 43.3 n.2 28.0 4.3
AVERAGE 100.9 §6.5 4.2 3.1 13.3 3.7
STD 0.0 10.1 T.5 3.9 6.9 1.3
ROWS I-¥ 100.90 24.9 42.3 33.1 13.8 .3
(AVGS P 100.9 7.2 41.% 2%.5 9.9 2.5
3-2 100.0 2.3 6.5 s1.8 YR 4.3

1-W = AVG OF WESTERN ROWS

¢-¥ = AVG CF MIDDLE ROWS
3-E = AVG CF EASTERN ROWS
o FRILIMIUARY DECOMPOSITICN QF I. SIAMEA ZONE

SURING A CRY PERICD (Ll/8/8% - 11/10/%8)

TIME IN DAYS % SAMPLE UNDECOMPOSED
0 10¢.0
10 85.3
20 75.1
30 66.2
40 60.2
60 53.9
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