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ABSTRACT

The study was carried out on station at Agricultural Research Instilytde and on

farm at Mwandobela during the 2011/12 cropping season. The objective of this study was
to improve crop productivity and soil fertilityf smallholder farmerthrough useof five
different leguminous cover crop$he study was carried out in two phases. The first
phase was aimed at determinibglogical nitrogen fixationof the cover crops. The
second phase was aimed at determining the rate and patteitrogien releasefrom
decomposedover cropaunder field condition. The field experimental design was a Latin
square applying six treatments with six rows and columns. The treatments included
Canavalia ensiformis, Mucuna prurign¥igna unguiculata Dolichos lablab Glycine
maxandZea mayss reference cr@gpThe decomposition experiment was conducted in a
split - split plot with three replications. The maitot factor were aboveground and
underground incubation position; while tieever cropsas subplot factor and the six
sampling periods as sikubplot. Data for field experiment were plant stand at
emergence, plant height, ground coverage, days to 80% flowering, dry matter and
nodulation. The results revealddht differeniegume cover craphave different potential

of fixing N, and accumulating dry matterelvet bean hatligh N, fixing potential(101.9

kg N ha') andaccumulatd high dry matter(19.5 t h&) followed by cowped50.3 kg N

ha® and 10.5 t hd). Thee was an increasing trend of soil N with time of decomposition.
However, faster ratesf increasing soil Nwere observed at 1P5 weeks of
decomposition for jack bea(0.09 - 0.13 % N), velvet bean(0.08 17 0.12 % N) and

cowpea(0.117 0.12% N) when placed both above and underground position.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background

1.1.1Declining soil fertility

Problems of decliningoil fertility are widespread due to continued cultivation of crops
and limited replenishment of nutrients, contributing to reduced agricultural yields
throughout the world includinthe Southern African Development Community (SADC)
region. Soil fertility in the SADC region has been declining for a long time due to
low/nonuse of fertilizers (BACAS/SADC, 2008). Batioret al (2003) reported that
nutrient depletion in this region has reduced the potential yields of some crops by two to

four times.

Soil fertility is the most important single constraint to crop production. There are a
number of factors that contribute to declining soil fertilityTanzanigMary and Majule,
2009). Continuous cultivation for many years of smallholder farms with littldiZert

input use, leaching and soil erosion haeereasedhe soil nutrient reserves very low

levels Soil fertility depletion occurs mainly when the mining of soil nutrients exceeds
their replenishment, resulting in a negative balance of plant nistridénkeni et al

(1992) in a study of farming systems in Tanzania reported that in all cropping systems
more nutrients are leaving the system than are being added. Of all the plant nutrients,
nitrogen (N) is most commonly deficient in soils (URT, 200@).Tanzaniaannual N
depletion rates range from 20 to 40 kg N'h@maling et al., 1997). Soil fertility
assessments in the Southerighlands of Tanzania (SHT) showed that 77% of
agricultural soils have very low to low N content (Malktyal, 2012).Nitrogennutrient

is the one most frequently limiting the growth of green plants (Hubbell and Kidder,



2003).These resultérom the continual loss of N from the reserve of combined or fixed

N, which is present in soil argtadually madeavailable for use by plants. The nutrient is
continually depleted by many processes including microbial denitrification, soil erosion,
leaching, chemical volatilization and removal ofchintaining crop residues from the
land. Moreover, most plants onlyilige less than 50% of fertilizer N applied to the soll
and the remaining is subjected to loss (Zhu, 2000; Zhu and Chen, 2002). The Nsreserve
of agricultural soils must therefore be replenished periodically in order to maintain
adequate (nogrowth limiting) level for crop production. Application of N is therefore
critical in order to improve soil fertility and increase food production. Among the
strategies that have to be adopted so as to replenish and maintain soil N, include the use
of inorganic fertilzers and organic soil amendmen@iller et al, 1994. Inorganic
fertilizers have long been recognized as the quickest means of replenishing the fertility of

soils.

The Ministry of Agriculture and Food Security (MAFS) has released fertilizer
recommendatins for most cropsMaranduet al, 2014. However, adoption of these
recommendations has been slow due to high prices of fertilizers (Myaka2003) such
that smallholder farmers cannot afford and apgpgmat recommended rates. Therefore,
organic surces ofimproving soilfertility are becoming an increasingly important option

for increasing soil fertility (Robertsoet al, 2005).

Organic fertilizers including Mixing plants such as herbaceous plants, woody legumes
and leguminous cover crops (OF can be used to supplement soil N. The cover crops
may be annual, biennial, or perennial herbaceous plants grown in a pure or mixed stand
during all or part of the year or season (Sullivan, 2003). The legumes have great potential

for improving soil ferllity at relatively low costas compared to chemical fertilizers



(Onim et al, 1990; Chilagane, 1990; Hudgens, 2000). In a study conducted by CIAT
(2003) on evaluating the innovation of LC@rmers observed that use of LCC for
improving soil fertility proved to be the most viable technology duetsacost effective,
appropriate, simgland multipurpose nature in meeting the varied needs of resource poor
farmers. Moreover, it was reported that the use of LCC and shrubs offered a low input
technologyfor the farmers, as most of them could not afford use of inorganic fertilizers
especially on low value crops like maize. Furthermore, the use of LCC has the potential to
improve the chemical and physical characteristics of inherently poor soils (Gdraky
2001). The improvement of the soil structure helps to reduce the adverse effects of sall
erosion and decreasing cation exchange capacity. Hencdixidg legumes are
emphasized in the@resentfarming systems (Chivenget al, 2011). Zahran (1999)
repoted that symbiotic relationships have evolved between leguminous plants and a
variety of N-fixing organisms and the contribution of biologica} fikation to soil N

ranges from 0 to 500 kg N fimer season (Peoplesal, 2009).

The maximum potentiafor N, fixation values of up to 36@50 kg N h&' have been
suggested by several authors (Giller, 2001; Unkovich and Pate, E00j)es conducted

in West Africa by Becker and Johnson (1998) repotted jackbean and velvet beans
established durinthedry season provided significant amount gfth the cropup to 270

kg N ha'. Bationoet al (2000) reported that cowpea can fix up to 88 kg N dad ths
results in an increase of,Nse efficiencyby the succeeding cereal crop from 20% in the
continuous cereal monoculture to 28% when cereals are in rotation with cowpea.
Furthermore, the use of soil N increased from 39 kg N ihathe continuous cereal
monoculture to 62 kg N Hain the rotation systems. Lablab can fix4® kg N for each
1000kg dry matter of shoots grown; this will depend upon effectively nodulated legumes,

the growth rate of the legume and upon soil conditions (Humphreys, 1995).



However, there is comparatively little quantitative information on the amount of residual

N from cover crops that is available to crops succeeding the LCC in rotation (Giller and

Wilson, 1993). The current study intends to determine the amount of N fixed by jackbean
(Canavalia ensiformis..), velvet beanNlucuna pruriend..), cowpea Yignaunguiculata

L.), lablab Dolichos lablabL.) and soybeanGlycine max.. Merril) as cover crops and

decomposition ratesf these legumet® release Blfor a subsequent crop in the SHT.

1.2 Objectives
1.2.1 Overall objective
To improve crop productivity and soil fertiligf smallholder farmerghrough use of five

different leguminous cover crops

1.2.2 Specific objectives
I.  To evaluate quantities of.Nixed by different legume cover crops,
ii.  To determine biomass production potentials of the cover crops,
iii.  To evaluatdhe decomposition rate of the leguminous cover crops used in the

study for N contributon to soil



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Importance of Nitrogen in Plants

Nitrogen (N) is a vital plant nutrient and a major yieletermining factor required for

high cropyields The element N is the most important nutrient and it accounts for 75% of
the crop yield. It is an essential nutrient for plant growth and makes g percent of
plants dry matter. Nitrogen is an important component of many important structural,
genetic and metabolic compounds in plant tissues and cell organelles (Brady and Weil,
2002). The element is a major component of chlorophyll, the compouwndhib plants

use sunlight energy to produce sugars from water and carbon dioxide (i.e.
photosynthesis). Is a component of protein and nucleic acids such as DNA, the genetic
material that allows cells (and eventually whole plants) to grow and reprodueehand

N is suboptimal, growth is reduced (Haqge¢ al, 2001). Some proteins act as structural
units in plant cells while others act as enzymes, making possible many of the biochemical

reactions on which life is based.

Nitrogen is a component of energgnsfer compounds, such as adenosine triphosphate
(ATP) which allows cells to conserve and use the energy released in metabolism. It is a
necessary component of several vitamins, e.g., biotin, thiamine, niacin anawifcilhe
nutrient is a vital constituent of protein and protoplasm and therefore necessary for
biomass increase and reproduction in plants. A good supply of N stimulates root growth
and development, as well as the uptake of other nutrients. The nutrimedidtes the
utilization of phosphorus (P), potassium (K) and other elements in plants (Brady and
Weil, 2002). The optimal amounts of P and K elements in the soil cannot be utilized

efficiently if N is deficient in plants. It occurs in all enzymes neagska proper plant



functions (Sanginga and Woomer, 2009). Therefore N deficiency or excess can result in
reduced crop yields. Thus N availability in sufficient quantity throughout the growing

season is essential for optimum crop growth.

2.2 Sources of 8il Nitrogen

Soil N exists in two generaflorms, which are organic and inorganic compounds
(Muhammadet al, 2010). Organic N constitutes between 95 to 99% of the potentially
available N in the soil is in organic forms, either in plant and animal residues, in the
relatively stable soil organic matter (SOM) or in living soil organisms, mainly microbes
such as bderia. The organic form of N is not directly available to plants, but some can be
converted to available forms by microorganisms and vice versa through biological
decomposition of organic matter (OM). Organic inputs of N in the soil are through
organicmaterials,including farmyard manure, compost manure, green manure and plant
residues. The amount of N added to the soil by these organic inputs depends on the
quality and quantity of N that the material contains (Kalumuna, 200&3t of the plant
available N is in inorganic (sometimes called mineral N) NHand NQ forms.
Ammoni um ions bind 4{chargetd bation sxcharigd scompiex gnd t i v
behave much like other cations in the soil. The inorganic N accounts for only 1dd 5%

t he soi |l D ¢Brady amd oMeit, 208); and it is contained in soluble organic
compounds on soil exchange sites in the form that can be taken up and utilized by plants

(Gioseffiet al, 2012).

Nitrogen can be supplemented in the soil from external sources thoogghic inputs,
biological N fixation (BNF), industrial fertilizers and atmospheric N deposition (Brady

and Weil, 2002). The use of cover crop residues and agroforestry are among the



technologies that generate high plant biomtémsrebyincreasing soil Ncontents through

BNF at relativéy lower labour cost (Kalumuna, 2005).

2.3 Biological N, Fixation by Legumes

According to Brady and Weil (2002) N is the nutrient that is most commonly deficient,
contributing to reduced agricultural yields throughout #herld. Molecular N or di
nitrogen (N) makes up foufifths of the atmosphere, but is metabolically unavailable
directly to higher plants. It is available to some microorganisms through BNF in which

atmospheric Blis converted to ammonia lmgediation ofthe enzyme nitrogenase.

Legumes depend on soil mineral N and biologically fixed atmospheiiit tdeeting their

N requirements for growth and production (Burestal, 1997). Leguminous plants fix
atmospheric Wby working symbiotically with special bactay Rhizobium which live in

the root nodules. LegumBhizobiumsymbiotic system is the most important biological

N, fixation (BNF) system in nature (Peoplesal, 199%), providing about 65%f the

bi ospher eds aveaal,l2Gd) FoeuseNn africutidalvsysgem. The process
of BNF offers an economically attractive and ecologically sound means of reducing
external N input and improving the quality and quantity of internal resources (Saikia and

Jain, 2007).

2.4 Factors Affecting BNF

The quantities of fixed vary with legumespeciesand environmental conditions. The
most important factors influencing the quantity of Fxed by Rhizobia are soil
characteristics, photosynthetic activity, climate and legume management (Tatddle

1993; Hungria and Vergas, 2000).



2.4.1 il characteristics

2.4.1.1 9il chemical properties

Soil acidity

Soil acidity can restrict the survival and growthRifizobia (Tisdaleet al., 1999. Soils
which are acid contain aluminum €4, manganese (Kf") and hydrogen ions (Hi
which injure Rhizobiaand legume rootsT{sdaleet al., 1999 Shokoet al, 2007). The
optimal soil pHfor effective BNFis 61 7 and anything outside this ranfess tharb or

greater tham®) is detrimentato root hair infection, hence limiting nodule development.

2.4.1.2 Soil physical properties

Soil moisture

Soil water influences the growth of soil mieboganisms through processes of diffusion,
mass flow, and nutrient concentration. Soil water is reltiesbil pore space, and soils
containing larger pore spaces retain less water. Thus, soil aggregates having smaller
internal pore spaces are more favorable environments for the grovRhizufbia and

most soil microbes (Turco and Sadowsky, 1995). -atler content also directly
influences the growth of rhizosphere mianganisms, likeRhizobia by decreasing water
activity below critical tolerance limits and indirectly by altering plant growtpt
architecture, and exudations (Mohammeidal, 2012). It has been reported by Silvesta

al. (2001), that water stress has a significant effect on the growth and biological N
fixation of the crop. The effect of drought on biological fikation hasbeen widely
reported and is considered to be by far the most important environmental factor resulting
in crop yield losses (Marinet al, 2007). Hsiao and Xu (2000) reported that a decrease in
soil water potential can markedly affect root hair and retavdule growth and N

fixation.



Also environmental stresses are important for LCC growth, nodulation and the activity of
the nodulesLiterature showshat moisture stress had a profound effect effixtdtion of

cover crops affecting nodule initiation, gvth and activity (Kikafundaet al, 2001).
Pimratchet al. (2010) reportededuction in N fixation by peanut under water stress
ranged from 13.0 to 63.9 %%etweenfield capacityand 2/3 of the available water
Furthermore Zahran (201p found that the drweight of soybean was not affected by
water stress between 50 and 30% of field capacity, although the number and weight of

nodules and Mfixation were reduced.

Soil Temperature

Soil temperature affects the growth and activities of both N fixing legplaats and
bacterial. Legumepeciesshow varying tolerance to high temperature in their nodulating
abilities. Most of the N fixing bacterial can grow well at temperatures between 25 to 40
°C (Michielset al, 1994; Zahran, 1999). Higher or lower tempeminhibit N, fixation

(Giller, 2001).

2.4.1.3 il biological properties

Plant and microorganism interactions in rhizosphere region are very important for plant
growth. In the rhizosphere regidRhizobialactivities occur as reciprocal and compulsory
interactions (symbiosis) of plamicroorganism (Altieri, 2000; Garcia and Altieri, 2005).

One of the important activities related to soil qualities is beneficial microorganism
activities. The most importantf dhese activities is a root nodule bacterium which
provides to biological Mfixation (Ferreiraet al, 2000). These organisms are important
parts of the nature as they reproduce and function properly thus are considerably affected

by the environmental calitions (Dogaret al., 2007).
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2.4.2 Fhotosynthetic activity

Nitrogen fixation along with photosynthesis as the energy supplier, is the basis of the saill
environment under a constant state of change and, as such, can be relatively stressful for
both macro and microrganisms (Mohammadiet al, 2012). A high rate of
photosynthetic production is strongly related to increased N fixatidRhigobia (Poppi

and Norton 1995). Climatic factors that reduce the rate of photosynthesis will reduce N
fixation. These factors include reduced light intgnsimoisture stress and low

temperature (Tisdalet al, 1999).

2.4.3 dimatic conditions

2.4.3.1 Temperature

Several environmental conditions are limiting factors to the growth and activity obthe N
fixing plants. Atmospheric temperature influence rateBNF. Studies carried out in
Sweden to investigate the interactive effect of atmospheric temperature and light on BNF
found that the efficiency of the Mixing enzyme nitrogenase reaches its maximum near
25 °C (Vitouseket al, 2002; Houltoret al, 2008; Gundaleet al, 2012), and therefore
increased mean annual temperatures have a direct positive effectfomtidn rates

(Houltonet al, 2008).

2.4.3.2 Misture

Environmental water stresses are also importanRfozobiagrowth, nodulation and the
activity of the nodules. It has been reported by Silveiral. (2001) that water stress has a
significant effect on the growth and BNF of the crop. The effect of drought on biological
N, fixation has been widely reported argldonsidered to be by far the most important
environmental factor resulting in crop yield losses (Maeha@l., 2007). Hsiacand Xu

(2000) reported that a decrease in soil water potential can markedly affect root hair and
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retard nodule growth and,Nixation. Peoples and Herridge (1990) observed that moisture
stress had a profound effect on fikation of soybeans because nodule initiation, growth
and activity were more sensitive to water stress than the general root and shoot
metabolism on the other handvater loggingin pigeon peasignificantly reduced root
activity, nodulation, and nitrogenase activityypical environmental stresses faced by the
legume nodules and their symbiotic partn&higobiumy may include photosynthate
deprivation water stress, salinity, soil nitrate, temperature, heavy metals, and biocides
(Walsh, 1995). For such constraints to be controlled, cover crops can contribute (or fix)
substantial quantities of Ninto the soil. Therefore, a competitive and persistieizbbial

strain is not expected to express its full capacity fofikation if limiting factors (e.g.,
salinity, unfavorable soil pH, nutrient deficiency, mineral toxicity, temperature extremes,
insufficient or excessive soil moisture, inadequate photbsgid, plant diseases, and

grazing)inhibit on the vigor of the host legume (Peopésil, 199%).

2.4.4 Legume management

The amount of K actually fixed by a legume depends also on agricultural practices.
Management practices such as the intensity of tillage or intercropping practices alters the
edaphic, chemical and biophysical factors and therefore influence BNF indirectly

(Montanez, 2000

2.4.5 Tillage practices

Soil tillage methods have complex effects the physical, chemical and biological
properties of soil. Tillage methods affect directblated with soil microbial activities
such as organic matter, soil humidity, temperatui \@ntilation as well as the degrees

of interaction between soil mineral and organic matter. As a result of these effects,

significant differencesvere observed in the population of microbial activities in soil
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(Kladivko, 2001; Saggaet al, 2001). Dogarand his colleague (2011) when evaluating
tilage methods reported that the effect of six different soil tillage methods on some
parameters related with,Nixation have been investigated. According to the findings of
researchunderno-tillage with direct seding (NTDS) plots, root weights (6.9 g pldnt
number of nodules (96 number plantweight of nodules (0.318 g plaitand root N
content (0.71%jyverefound to be statisticallgp = 0.05)higher than with the other tillage
methods In the reducediltage with rotary tiller (RTR) plots, the values of-opot dry
weight (51.3 g plant), mean nodule weight (3.91 mg nodbleroot N content (2.38%),

are found higher on the lands than in NTDS plots (Dadgan, 2011).

The results of the study have showed that, parametersRifidbbial fixation has been
affected negatively by the conventional tillage methods in whighilBage operations are
applied and soil iglisturbed.There were differences among the tillage mdshand these
differences were found to be statistically significdntgeneral, the best results related
with Rhizobial activity have been obtained with NTDS and -Ndage with Heavy
Disking (NTHD). However, other soil tillage methods decreased thé&»ation (Dogan

et al, 2011). Similar studies have alsalicatedthat zero and reduced solil tillage methods
have increased the soil microbial activity and population (Feretigh, 2000; Alvarezt

al., 1995).

2.4.6 Fertilization practices

Among othercommon agricultural practicegertilization with P and N has an important
effecton N; fixation. The yield advantages of mailegume systems over the continuous
maize without N fertilizer were from 0 to 135%. In Ethiopia (Jimma) and Tanzania
(Tanga), hitp productivity was obtained from maize following sole legumes. The

continuous sole maize yields were 1.95 and 1.48 ftvaJimma and Tanga, respectively.
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The fertilizer value of total legume N was estimated to exceed 50 and 69 K{ tNata
can replacehe current need for mineral N fertilizer at Tanga and Jimma, respectively
(Bogaleet al, 2001). Studies on effect of mineral N opfiXation conducted on soybean
observed that plots where no N fertilizer was added, the maximum amousnfixétidn

reached 337 kg HaSalvagiottiet al, 200&, Mohammadet al, 2012).

The amount of N fixed by grain legume such as soybean is affected by colonization of
soil Rhizobia (Mabood et al., 2006), and by their interaction with other biological,
physical and chemical properties of solbdss and de Varennes, 2Q0Giller and
Cadesch, 1995; Rebafkat al., 1993). These are highly influenced by management
practices such as tillage and crop residue application as well as by thetepapiatal

arrangenent of the crop components.

2.4.7 Qop residue application

Literature shows that yield responses to incorporated residues were equivalent to those
obtained by application of inorganic fertilizer N at a rate equal tothivds of the N

yield of incorporated crop residue. Likewise, the incorporated residues of alfalfa and red
clover were reported to contribute 65 to 71% of their total N content to succeeding maize,
an equivalent of 90 to 125 kg N hérom inorganic fertilizer. Incorporation of wgea

grown for 60 days as green manatéwo weeks before sowing of maize substituted 75

kg ha' of fertilizer-N requirements for grain maize production (Bogtlal, 2001).

2.5 Importance of Cover Crops
Cover crops play a multitude of roles in modern crop management systems. They have
direct and indirect effects on soil properties as they promote an increased biodiversity in

the agreecosystem. They help in building up soil fertility through litter fathich will be
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returned to the soil during decomposition and fixation of atmospheri¢Rido and
Suresh, 1999). This potential is achieved throughfiiation; nutrient recycling and
organic matter build up in the soil. The amounts effiked vary betweercover crops,
different genotypes and different environments in which they are grown (Giller and
Wilson, 1993). The ability of LCC to soil N addition is a major benefit, particularly in
areas where fertilizer is scarce and expensive. The LCC offer corndeddranefits
because of their ability to ameliorate soil fertility decline through fixation of atmospheric
N, and improve the yield of the subsequent crops (Gillexl., 1997; Shoket al, 2007).
Further, Shoko and Tagwira (2005) noted that cover crbpig legumes have the
potential to improve soil pH and the availability of OM, exchangeable bases and some

trace elements such as Zn and Cu.

Ledgard and Giller (1995) reported that nutrient benefits of integrating legumes into
cropping systems (simultaous intercropping, relay intercropping, rotations and
improved fallows), accrue more to subsequent crops after root and nodule senescence and
decomposition of fallen leaves. In regions where smaller amounts of biomass are
produced like in the dry areascaaroded soils, cover crops are beneficial as they protect
the soil during fallow periods, mobilize and recycle nutrients, improve the soil structure
and break compacted layers and hard pans, permit a rotation in a monoculture and can be
used to control weds and pests. The LCC assist in controlling pest and pathogen
populations, and preserve biodiversity in agomsystems (Let al.,2000). For example,

Striga population and other weeds were reduced during the legume crop presences. Striga
weed population the subsequent cereal crop indicated that plots previously planted with
LCC had low population counts (Onyangbal, 2002). The cover crops are also grown

to prevent soil erosion by wind and water (Sullivan, 2003). Moreover, they serve as sinks

for plant nutrients that might otherwise be lost by volatilization or leaching. The crops
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provide weed control through competition and allelopathy. They are also planted to
improve water infiltration and sometimes produce food and feed. The LCC when grown
in rotation with cereals have the capacity to provide high quality organic inputs to meet N
demands of subsequent crops (Carskgl, 1999; Tiaret al, 1999; Ojiemet al., 2000).
Hence the crops make up a fundamental component of the stability of the taggicul

production system.

2.6 Effect of LCC on Soil Properties

2.6.1 Hfect of LCC on physical properties

Cover crops improve soil quality by increasing soil organic mg&é&m) levels through

the input of cover crop biomass over time. The SOM plagandral role in mediating the
transfomation and cycling of nutrients essential to plant growth. It encompasses living
microorganisms as well as plant and animal tissues in various stages of decomposition
(Craswell and Lefroy, 2001 There are several nfgnisms through which SOM
regulates nutrient solubility and plant uptake. First;, SOM influences the composition,
size, and activity of the soil microbial population, which in turn determines the rates at
which materials are decomposed and nutrients frayeethmaterials are mineralized, or
made available for plant uptake (Craswell and Lefroy, 2001). Cover crop biomass acts as
a physical barrier between rainfall and the soil surface. The foliage of cover crops reduces
the impact of raindrops before they Hie soil surface preventing soil from splashing.
This prevents slaking of soil aggregates and sealing of the soil surface. The roots of the
cover crops bind soil particles together, improving soil structure and water penetration,
while preventing the soiparticles from moving (McGourty, 2004). Cover crops break
soil hardpans resulting in high infiltration of rain and irrigation wakzeklorah, 2001

They prevent erosion as a soil cover while also controlling weeds in cropping systems

such as intercroppinghere bare soil would otherwise be present (Caeslat, 2001).
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The addition of OM when legumes are incorporated also improves wditeation,
aggregate stability and moisture retention in s#iliigon, 200). McGourty (2004)
reported that roots diCC help aggregate soils as fine roots penetrate the soil profile
(especially grasses). The LCC with large tap roots su@lepisrosia vogelihelp to create
macropores when the plants die, and a void is left from the decomposing roots. These
macropores g@atly assist the movement of air and water into the soil profile. Soil
organisms using the decomposing LCC as a food source create waxes and other sticky
substances that hold the fine particles into aggregates, lowering bulk density and
improving soil tilth . As organic matter increases in

hold water.

2.6.2 Effect of LCC on chemical properties

Besides increasing soil N, decomposed LCC increase the soil cation exchange capacity.
Therefore, the ability of a soil to holahd exchange nutrients increases. Additionally,
nutrients are often chelated into organic complexes, and are more readily exchanged from
these substrates than from inorganic clay minerals. Since many organic growersealso

compost, this also adds to thegtility of vineyard soils (McGourty, 2004).

2.6.3 Hfect of LCC on biological properties

The living organisms in the agricultural field system play a critical role in its resilience
and productivity. They fill ecological niches that sustain the figkesn. The soil biota

are key drivers of biological processes t
water use, and the impact of pests such as insects and disease. Organic matter is a food
source for macro and micarganisms. Many of thesorganisms assist in recycling cover

crops into the soil, while improving soil physical qualities in the process. Particularly

noteworthy are increases in earthworm populations; they are a good indicator of soil
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health and improved physical conditionscrigased biological activity occurs in the soil
after the incorporation of organic matter from LCC. Soil macro and microbial populations
mediate the cyclingf N in a field system. As living organisms die and return to the soil,
microorganisms break downebe materials into their components, including organic N.
Organic N in the soil is further processed by ogcief soil microbes and converted

to ammonium, a process called mineralization. In this form, N may be consumed by soil
microbes, immobilizedout stored in the soil for future use; taken up by plants; or
converted to nitrate, which can also be utilized by both microbes and plants. Studies show
that these organisms can reduce damage from root pathogens by inhibiting their growth

and developmen{iMcGourty, 2004).

Cover crops can provide habitat and food for beneficial insects at different stages of their
life cycle. They also provide habitat for prey, such as aphids, mites, caterpillars, and other
creatures. Research entomologists have a difftome understanding the dynamics of

pest and prey relationships in the cover crop, and their effects on grapevine canopies.
Regardless, growers report experiences of reduced leafhopper and mite problems when

cover crops are planted in lieu of conventianakcticide applications (McGourty, 2004).

2.7 Contribution of Cover Crops on Soil Nitrogen

The value of legumes in crop systems has long been recognized for their potential to
supply a large amount of N to succeeding crops. For example, estimatedesfilizer-

N value of alfalfa tosubsequenmaize were reportetb beas high as 180 kg N Ha
(Bogaleet al,, 2001). Studies on integrated soil management with cover capgthénp,

lablab, and velvet) conducted in Nigeria indicated that thertNizer replacement value

of legume rotations varied between 6 and 14 kg N {@arskyet al, 1999). Without N

application to the test crop, grain yields following legume fallow weré 28% kg ha'
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higher than after natural fallow. The benefits dégume fallow to subsequent crops were
mostly related to abovground N of the previous legume (Sanginga, 2003). Growing

maize after soybean improves grain yieidl.2 to 2.3 fold.

Furthermore, combining cowpea or soybean residue with 45l kgl® ureaprovides
maize yields similar to the recommended rate of 90 kg-Nréd® on even the poorest
fields (Sangingeet al, 2001). Further studies when evaluating different winter legumes
when used as cover crops rediide-fertilizer requirements of the followg maize,
sorghum and cotton crops by 50 to 90 kg N (Bogaleet al, 2001). Work at one station

in Nigeria indicated that the proportion and amount pfixéd by velvet beamandLablab
depended on the cropping systems ¢livelching orin situ mulching) and field practices
(inoculation withRhizobiaor N fertilizer application). The quantity of N fixed by velvet
beanin the N fertilized andRkhizobiainoculated plots ranged from 133 kg to 188 kg N
hd!. In uninoculated (ablab) plots, the quantityanged from 146 to 157 kg N'HaThis
represents 645% of the plant total N for velvet beamd 62 70% for Lablab. Live-
mulching increased the proportion of fiked by 14% (velvet bean) and 20%ablab).
Nevertheless, the amounts of fiked by both legumes were significantly highersitu

than in the livemulched systems (Sanginga, 2003). The amount ofixéd varied
between 76 and 242 kg 'alepending on the legunspeciegSanginga, 2003). Dakora
andKeya (1997) suggest that gra@gumes fix between 15210 kg N h& and that "crop
rotation involving legume and cereal monocultures is by far more sustainable than
intercropping, the most dominant cultural practice in the continent”. Studies conducted in
West Africa reported that gbean was able to fix between 44 and 103 kg N &adhad

a positive N balance of 43 kg N'haln Ghana EnnikKwabiah and OseBonsu (1993)

reported cowpea fixed between 3025 kg N h&.
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2.8 Contribution of LCC on Yield of SubsequentCrop

The covercrop root system has the ability to explore a larger volume of the soil profile
and is more likely to provide nutrients which cannot be reached and supplied to a
subsequent crop. Studies conducted in the northern zone of Tanzania on relay and
intercroppingof maize and LCC reported significant improvement of maize grain yields

in maizeD. lablabintercropcompared to the rest of the treatments 4.6 vs 4.3, 4.1 and 2.1

t ha' for maize jackbeanmaizevelvet bean and maize monocrop, respectively (Tedeli

al., 2003).

2.9 Cover Crop Decomposition
Cover crop decomposition refers to breaking down of the OM from complex to a simpler
form, mainly through the action of fungi and bacteria, or be broken down into smaller or

simpler parts. Decomposition also refergotting or decaying (Encarta, 2009).

The type of cover crop to grow is influenced by the quantity and quality of mulch it
provides (IRR and ACT, 20(b). Broadleaved cover crops accumulate minerals at high
concentrations in their tissue and when tlaeg laid down as noll mulch, the plant
nutrients become slowly available during decay of the mulch (Sullivan, 2003). Rotting of
cover crops is mainly determined by its chemical composition carbon to nitrogen (C:N)
ratio of the material and on climationditions. Determining the ratio of carbon to N in

the cover crop biomass is the most common way to estimate how quickly biomass N was
mineralizedto release nutrients for use by the succeeding crop. As a general rule, cover
crop residues with C:N ratidewer than 25:1 will release N quickly. Values exceeding 30
parts carbon to one part N (C:N ratio of 30:1) are generally expected to immobilize N
during the early stages of the decomposition process. Legume cover crops such as hairy

vetch and crimson clovewhen killed at flowering immediately before maize planting;
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generally give C:N ratios of 10:1 to 20:1 (Ranells and Wagger, 1992). During the
decomposition process some materials will decay fairly fast losing about 50% of their dry
matter in 41 6 weeks(Wangari and Msumali, 2000). Residues with C:N ratios greater

than 25:1 rot more slowly and their N is more slowly released.

2.10 Factors Affecting Decomposition

Residuedecomposition is one of the most important processes in the biosphere as it
regulates the release of nutrients for plant growth as well as thei@iSsions into the
atmosphere (Silver and Miya, 2001; Austin and Vivanco, 2006¢. rates at which the
decanposing legume residues release N has been linked to their structural and chemical
characteristics or 0606r echemical end bjalogidaliattiyitiésd , t
and to environmental factors such as temperature and moisture (Giller aachCaé95;

Palmet al, 2001; Van Veen and Kuikman, 1990).

2.10.1 Residue quality

Under suitable soil moisture and temperature conditions, decomposition process proceeds
at a rate dependent upon the quality and quantity of the residues (8yalrs1994).
Quality refers to characteristics of the litter (chemistry and physical attributes) that
influence the susceptibility of litter to decomposition (Karbetgal, 2008). Litter
containing high concentrations of labile compounds (e.g. sugars, auit®) tends to
decompose rapidly because these compounds can be readily metabolized by soil
microorganisms or leached. For example, labile structural compounds such as cellulose
are quickly cleaved by exoenzymes into sugar-wguts, which again are rei
metabolized by microbial organisms. In contrast, recalcitrant structural compounds such
as lignin and chitin are too large to pass through cell membranes, and are instead slowly

decomposed by aid adxtracellular enzymedNon-systematicchemical struatre and
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complicated bonding make these compounds difficult for enzymes to attack, providing a
slow release of N and P for continued microbial growth (Karketrgl, 2008). The

guality of an organic material refers to its organic constituents and nutoemént
(Mafongoyaet al, 1998;Cadisch and Giller, 1997Organic constituents are important
because the energy available to decomposer organisms depends on the proportion of
soluble C, cellulose and hemicelluloses, and lignin. Soluble C includes netabdl
storage C, and is primarily responsible for promoting microbial growth and activity (Nair

et al, 1999). Green foliage usually contains 20 to 30% soluble C. Cellulose and
hemicelluloses, which constitute 30 to 70% of plant C are structural polysatash of
intermediate quality; they are attacked by the decomposer microbes after soluble

carbohydrates have been depleted (Nbal, 1999).

These specific residue characteristics affecting quality vagpbygiesand even plant part
and age. Residuguality indices include ratio of C to N, polyphenol to N, and
polyphenols + lignin to NNlafongoya and Nair, 1997All these are valid indicators, but

each has its own advantages and disadvantages (Mafoeigaly&l 997).

2.10.2 il physical characteristics

Unfavourablesoil moisture conditions such as saturation or inadequate moisture to levels
of desiccation can be harmful to some microorganisms, leading to retarded
decomposition. Soil moisture governs decomposition and N mineralizatiorillgnicing
microbial activities involved in this process. Low soil moisture restricts the activities of
bacteria involved in nitrification, consequently slowing down the rate of N mineralization.
The rate of nitrification increases with adequate soil tagés The first rains in the season
results into a sharp increase in soil N@evels referred to as nitrate flush (Wareral.,

1997). Under excess soil moisture conditions, when water fills the pore space,
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mineralization process ceases anilification process dominate, resulting to conversion

of NO;' and NQ' to nitrogenous gases (NO,® and N). These gases eventually escape
into the atmosphere. This condition normally occurs when the field is water logged, but
may also occur after hepvains due to temporal anaerobic soil conditions (Waeteal.,

1997; Brady and Weil, 2002). Increasing temperature from 20 ®C6@ill accelerate
decomposition because microorganisms are activated. At higher temperatures,
actenomycetes outumber baceria and fungi. At temperatures below 2T
decomposition is slowed. The optimum temperatures are 26 af@ & nitrification

and ammonification, respectively (Azahal.,1993).

Adequate supply of oxygen §Dis important for respiration of soil mimorganisms
(decomposers) and for oxidizing NHto NO;™ in the procesof nitrification. Inadequate

O, supply limits N mineralization and favors denitrification. Water stress depresses O
uptake and reduces the supply of metabolites required in leguthnéeador N fixation,
leading to low N accumulation. The condition of inadequatsupply occurs when the

soil is water logged and when there is high microbial population (Watrain, 1997).

2.10.3 ®il chemical characteristics

Soil pH affects Nmineralization indirectly as it controls the activities of bacteria
responsible in N mineralization processes. A pH range of 5.5 to 7.5 seems to be quite
favorable for optimum decomposition rate. As soil pH increasésons in solution are
reduced by corerting more NH' to NHs, thus reducing the concentration of NH
Reduction in concentration of NH leads to converting NOto NH,", hence retarding

the process ommonification and nitrification and favoring denitrification (Brady and

Weil, 2002).
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2.10.4 il biological and environmental characteristics

Legumes contribute to an increased diversity of soil flora and fauna lending a greater
stability to the total life of the soil. Faunal community structure is the major factor
determining the rate afecomposition (Bohlegt al, 1997, Dechainet al,, 2005). Where
substrate is available, soil microbial activity increases exponentially with soil
temperature, with microbial activity often doubling with a 10°C increase in temperature
(Kirschbaum, 1995). Soil microbes use the increased N from legumeed& down
carbonrich residues of crops like wheat or maize. Microorganisms can also be limited by
soil moisture. As temperatures increase, soil moisture assumes an increasingly important
role for maintaining high rates of microbial activity (Peterjatmal., 1994). As a result,

rates of litter decomposition increase with both increasing temperature and moisture

(Meentemeyer, 1978).

2.11 Some Cover Crops commonly used in SHT and their Potential to
Improve Soil Nitrogen
Agricultural Researchnstitute(ARI) Uyole in the Southern Highlands (SH) of Tanzania
has been evaluating the agronomic performance of different cover crops for conservation
farming and fertility improvement in thareasince 2000. Studies on conservation
agriculture by Mkomwaet al (2007) reported that three seihriching cover crops,
Mucuna lablab andCanavalig contributed to a significant decrease in fertilizer use.
However, quantification of the amount of N fixed by particular legume cover crop has yet
been done. The researttterefore intends to evaluate five leguminous cover crops which
include Jackbean Canavalia ensiformisL.), Velvet bean Klucuna pruriens L.),
Cowpea(Vigna unguiculataL.), Lablab Dolichos lablal L.) and soybeaGlycine max

L.) for their potentiality in contributing to fixed Nn the zone.
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2.11.1 hck bean Canavalia ensiformisL.)

Botanical characteristics

The jackbean is an annual plant, shrub, erect or climbing, 1 to 2 m height and its leaves
have a length of 6 to 12 cm, ovatlliptical, white hair with regular density. The plant
produces an average of 7 pods linear, slightly curved, 25 to 30 cm loB¢ hyide
capsules. Its seed weight is about 1.5 g which are white and shiny, and measures about
21-22 x 1415 x 8 10 mm (Sauer, 1964; Pugalengiial.,2010). The flowers are pink

purple in colour. It has deep roots, which makes it drought resistammtaanoe grown on

degraded tropical soils where other legumes will not grow (Akinthdéd, 2007).

Agricultural importance

Jackbean grows in poor soils and in areas of low rainfall. However, jackbean produces
less biomass than velvet bean and it is ngbaed weed suppressor. It can yield 5 t ha

dry matter in 6 months. Agronomic studies in Cuba reported that jack bean produced a
total biomass of 5.3 t Ha(Acosta, 2009). Jackbean is toxic (it contains canavelin) and is

used by some communities to control moles (Gachene and Kimuru, 2003).

The cover crop has proven to be a usefubciesin tropical soil reclamation efforts
because its deeply penetratimgptr system contributes to drought tolerance (Paod
Berkelaay 2005). Studies conducted in Nicaragua by Douxchamps (2010) showed that
farmers were attracted to the performance of jackbean due to its vigorous growth, good
soil cover and outstanding levef adaptation to drought stress based on green forage
yield. Moreover, jackbean is also adapted to a wide range of other stress factors, including
low fertility soils (CIAT, 2004; Schmidet al, 2005). Due to its tolerance to shade, jack
bean is used iRlonduras as a cover crop in association with coffee. It has been reported

to fix more than 200 kg Faof N yeaf* (Acosta, 2009).
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2.11.2 \elvet bean(Mucuna pruriensL.)

Botanical characteristics

Velvet bean is an annual plant with long vines that can reach over 15 m in length. When
the plant is young, it is almost completely covered with fuzzy hairs, but when older, it is
almost completely free of hairs (Dhawan al., 2011). The leaves are -pinnate and

ovate shaped. The sides of the leaves are often heavily grooved and the tips are pointy.
The plant bears white or purple flowers, its seed pods are about 10 cm long and are
covered in loose orange hairs that cause a severe itch if they cometantamsith skin

due to protein chemical compounds known as mucunain.

Agricultural importance

Velvet bean grows well in diverse environments, usually producing the highest biomass
among cover crops tested (Carghyal, 2001). The crop tolerates low sfattility, acidic

soils, and drought conditions (Weber, 1996), properties which indicates its potential for
surviving and producing biomass during the drier part of the year. In Brazil (@uale
1992), when velvet bean was grown at the end of they ree¢ason, it survived a dry
season of 4 months (with 10 mm mean monthly rainfall). Velvet bean produced an
average of 2.4 t DM hg and continued growing when the rains started. Studies
conducted in Uganda by Kaizzi (2006) and his colleagues reportedutiag 22 week,
velvet bean produced 2.8.9thd ‘of dry matter, accumulating 8200kg N hd * and
derived approximately 3408kg N hd from the atmosphere. Ibewirt al. (2000) in
Nigeria reported that velvet bean fixed between 65% and 69% Nf @&mnounting to 7 to

10 kg N h& within 13 weeks in the roots.

Farmers in the northern coast of Honduras use velvet bean with excellent results,

producing maize Zea maysl.) vields of about 3,000 kg Hamore than double their
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national average. Sanginga al (1996) reported that when velvet bean was fertilized
with P in West Africa, it accumulated about 166 kg N to 310 kg Nihd2 weeks. They

also indicated that velvet bean derived 70% of its N from atmospheric N, representing
167 kg N h& 12 week' in the field. In West Africa, the ability of velvet bean to control a
local weed, cotton wool graskrperata cylindrica, seemed to have a major influence on

its adoption (Versteeget al, 1998), indicating that farmer adoption of cover crop
technologymay not only be based on agronomic yield, but also on other important uses

(Beckeret al.,, 1995).

Velvet bean has been effective in fixing and recycling N, preventing nutrient loss to the
environment (Capahichi et al, 2002). The velvet bean has beeparted to fix up to
150 kg N h& as well as produce 35 tons of organic matter per year and, when integrated

with maize, can increase grain yields up to 2500 kiy(Bainch, 1990).

When used as a cover crop, velvet bean has a nematocidal effect (McS@ley994)
as well as the ability to smother weeds (Fajiial, 1992; Becker and Johnson, 1998;

Versteeget al, 1998), particularly broad leaf weeds (Heppethal, 1992).

2.11.3 Cowpea Yigna unguiculatal.)

Botanical characteristics

Cowpea is an annual legume with trifoliate leaves. There are many cultivars, bred for
diverse ecological niches, and they vary greatly in growth habit. Some are short, upright
bush types, and others are tall and dike. Cowpea grows rapidly, reachinchaight of

48/61 cm when grown under favorable conditions. Most root growth usually occurs
within the topsoil layer, but in times of drought cowpea can grow a taproot as long as 2.0

m to reach moisture deeper in the soil profile (Valenzuela and Smith,.2002)
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Agricultural importance

Cowpea is a legume of African origin that is useful as a rotational cover crop to help meet

a cash cropds N needs, to control er osi on
unique ability to fix even in poor soils (pH rang.51 9.0, organic matter less than 0.2%

and a sand content of more than 85%. It is also studel@nt and therefore, compatible

as an intercrop with a number of cereals and root crops, as well as sugarcane and several
plantation crops. Used as a coeenp, cowpea also suppresses weeds and can encourage
populations of beneficial insects to defend cash crops from insect pests. Its drought
tolerance makes it valuable in rainfed agriculture or in unirrigated fallow fields. In soils

low in phosphorus, theoots of cowpea develop effective mycorrhizal associations,

i mproving the soil és available P content.
especially for the ability to take up soil P, so that it can be made available for following

crops (Valenzuela arf@mith, 2002).

Its quick growth and rapid ground cover have made cowpea an essential component of
sustainable subsistence agriculture in marginal land and drier regions of the tropics, where
rainfall is scanty and soils are sandy with little organatter. At the same time, if eafly
maturing erect/serrg@rect varieties are grown as a pure stand crop with required inputs,
cowpea has the potential of yielding as haeghcereals on productivity per day basis

(Singhet al, 1997).

2.11.4 Lablab (Dolichos lablablL.)

Botanical characteristics

Lablab is a climbing or erect perennial herbaceous crop often grown as an annual. It
grows up to 1 m tall, with long stems in climbing types extending as much as 6 m from

the base of the plant. The leavestaifeliate, and the flowers are purple or white. It has a
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strong taproot with many lateral and adventitious roots. It grows rapidly in fertile soil.
Both determinate (bush) and indeterminate (vining) varieties exist. It has an approximate
growing cycle of60 days. The fruit is a flat, broad pod, with wavy marging I2 cm

long. When immature, the pods and their nutritious seeds can be eaten (Valenzuela and

Smith, 2002).

Agricultural importance

Lablab is a tropical legume that has many uses including mwoasumption of grain,

green manure, and as cover crop. It is mainly grown for food as it is palatable to both
animals and humans and is drought tolerant. Over 200 genotypes of lablab are recognized
but most of them remain unnamed (Htlal, 2006). In South and Central America, East

and West Indies, Asia, China, and India, lablab grain provides a source of protein in the
human diet, and the herbage is used as green manure for erosion control and to improve
soll fertility for following crops(Hill et al, 2006). The beans are edible when green or
dry. It produces as much biomass as velvet bean. In the vegetative stages, lablab has 3.0

5.8% N in the fresh leaves. It produces 8t iy matter in 3.5 months.

It is also popular as a-Rking plant contributing to soil N and improve soil quality.

The level of N fixation from effectively nodulated legumes depends upon the growth rate
of the legume and upon soil conditions; usuallydDskg N is fixed for each 1000 kg dry

mater of shots grown (Humphreys, 1999)ablab is a popular choice as a cover crop on
infertile, acidic soils, and it is drought tolerant once established. Lablab is fairly drought
resistant and rgrows well even in the early part of the dry season following ameearl

cut (Weber, 1996). Lablab grows well at altitudes between 0 and 1800 m.a.s.l. Its main
disadvantage is its susceptibility to pests and diseases (Gachene and Kimuru, 2003) and is

susceptible to rogtnot nematode infection (Valenzuela and Smith, 2002).
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2.11.5 Sybeans(Glycine maxL. Merril )

Botanical characteristics

Soybean varies in growth and habit. The height of the plant varies from less than 0.2 to
2.0 m. The pods, stems, and leaves are covered with fine brown or gray hairs. The leaves
are trifoliate, having three to four leaflets per leaf, and the leafletsi dfecé long and

2i 7 cm broad. The leaves fall before the seeds are mature. The inconspicuehestilgelf
flowers are borne in the axils of the leaf and are white, pink or purple. The fruit is a hairy
pod that grows in clusters of three to five, each igo8 8 cm long and usually contains

two to four (rarely more) seed$ BL mm in diameter (Bailegt al, 1976).

Agricultural importance

Soybeans are unigue among legumes with contents of 40% protein and 21% oil as well as
isoflavones. Thus, soybean is thwst widely grown protein and oilseed crop in the
world (Coskanand Dogan, 2011 Furthermore, soybean improves soil fertility and fixes

N in the soil for the succeeding crop. Soybeans have the ability to fix N using the
Bradyrhizobium japonicurhacteriaThe plant can fix about 24168 kg N h& (Sanginga

and Woomer, 2009). When grown in rotation with maize, it serves as a catch crop in
controlling Striga hermonthicaa parasitic weed that attacks maize, by causing suicidal
germination ofStriga (Dugje et al., 2009). Soybean itself represents 77% of the N fixed

by the crop legumes by fixing 16.4 t N annually, fixation by soybean in the U. S., Brazil

and Argentina is calculated at 5.7, 4.6 and 3.4 t, respectively (Heeaidde2008).
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CHAPTER THREE

3.0 MATERIALS AND ME THODS
The study was carried out in two phases under field conditions. The first phase aimed at
the determination of BNF of the IBgume cover cropd.CC). While the second phase

was on decomposition rate and pattern of N releasetfrers LCC

3.1 Feld Experiment

3.1.1 Experimental sites

The study was conducted -station at AR{Uyole experimental fiel and orfarm at
Mwandobela sub locatioim Maramba village Mbarali district. The ARJyole is located

in Mbeya region at latitude 6% 6 6 S, | ¢ 86gE andil¥I metds3above sea
level (m.a.s.l.). Mwandobela is located at latitude 08.83586 S, longitude 033.60957 E and
1398 m.a.s.|. Both locations experience a mono/unimodal rainfall pattern between
Novembers to Mayanging from650to 2200 mm with an annual average 8500 mm.
Temperature ranges from 1518 °C and 22i 28 °C for ARI-Uyole and Mwandobela,
respectively.Soils at Mwandobela arerownish loams (Haplic Andosol) while at ARI
Uyole they aredeep brown sandy clay loanMgllic, Andosol. Vitric Haplic). Natural
vegetation issavannah tropical wooded grasslands @ogical forests and mountainous
grasslands most cleared for agriculture at Mwandobela and -ARgble respectively

(Musseiet d., 2013)

3.1.2 Weather
Weatherdata were recorded at ARIUyole meteorological station including rainfall

(mm), maximum, minimum and grass temperati),(relative humidity (RH %) and
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radiation (MJnfday?) under field experiment. While at Mwandobela only rainfall (mm)

data was recaded.

3.1.3 il sampling
Soil samples were collected at three stages; first stage was done before setting the
experiment, second at 80% flowering of LCC and third was after decomposition for

different soil propertieas described belaw

3.1.3.1Soil sampling for site characterization

Composite soil sample for site characterization was collected in December 2011from the
experimental sites two weeks before setting the experiment. Twenty five and thirty
samples were collected from ARlyole and Mwandobel respectively at @ 20 cm

depth in a zig zag way as described Rigysier (1995 The samples were air dried
ground and passed through a 2 mm sieve before analysis. Soil chemical and physical
properties were determined at ABYole soil laboratory using analytical methods

presented in Table 1.

Table 1: Soil physical and chemical properties analytical methods

Properties Character Unit Method Source
Physical Clay, Sand and % hydrometer Anderson and Ingram
Silt (1993).

Chemical pH S:W of 1:25 pH meter McLean, 1982
oC % Walkley and Black Nelson and Sommers
1982
Total N % Micro-Kjeldahl Bremner and

digestiondistillation Mulvaney, 1982
Extractable P mgkg® Bray1 Olsen and Somners
1982




32

3.1.3.2Soil sampling at 80% flowering

Soil mineral N and pHveredetermined in the soil sampled frdo€C plots at harvest.
Samples were collected fromi05 cm depth. Three points each from six plots were
diagonally sampled from the net plot areas and mixed to one sampegperespecie

The samples were packed polythene bags and subsequently taken for laboratory

analysis.

3.1.3.3 ®il sampling after decomposition
Soil samples from decomposition experiment were collected frord.0 cm depth below
each litter bag at each sampling time (3 weeks incubation)sdimgles were packed in

polythene bags and subsequently taketheédaboratory for soil N determination.

3.14 Experimental materials

Five LCCnamelyjack beanvelvet bean, cowpe#ablab andsoy bean var. Bossiseeds
were obtained from ARI-Uyole. The selection of cover crops was based on their
performance at ARUyole (ARI, 2002). Maize variety UH 615 was used as a hon

biological N fixing cropandtriple super phosphate (TSP 46%08).

3.15 Experimental methods

Experimental design,treatments and treatment allocation

To increase precision at the site the field experimental design was a Latin square (LSD)
applying six treatments laid out with six rows and six columns (Clewer and Scarisbrick,
2001). The treatments included (i) referererop that was pure stand of maize, while
other treatmestwere (ii) velvet bean, (iii) jackbean, (iv) lablab, (v) cowpea and (vi) soya
bean. Treatment allocation was done using randomization process described by Gomez

and Gomez(19&4).
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3.1.6 Agronomic practices
3.16.1 Land preparation
Tillage was done 7 days before planting using a power tiller and animal drawn plough at

ARI-Uyole and Mwandobela, respectively.

3.16.2 Ranting

Planting was done on 28ecember 2011 at ARUyole and on 30 December 2011 at
Mwandobelavillage. The plot size used was 4.5 x 3.75 m. Cowpea, labklbet bean,
Jackbean anohaizewere sown at a spacing of 0.75 x 0.3vmereasSoybearwas planted
at spacing of 0.5 x 0.1 m. Three seeds of cowpea were sown pevhgteas two seeds
of lablab, velvet beanjackbean soybean and the reference crop were s@emn hill.
Triple superphosphate (TSP 46%0F) fertilizer was appliethy banding at planting at the

rate of 60 kg P per hectare (Mkogfaal, 2010) for cover crops and maize.

3.16.3 Thinning

All plots were thinned to one plant per hilo weeks afteseedlingemergence.

3.16.4 Weeding
Plots were weedetvice during the seasomhefirst weedingat 21 DAP and then 43 DAP
using hand hoe between rows and uprooting by hand within the rows to alqulogs

arefreeof weeds.

3.16.5 Insect and disease control
Insect control was doneegularly depending onthe occurrence using Selecron
(Profenofo$ 720 g I* at the rate of 2Bnl in 15 | of water. Diseases were controlled twice

by applying Rido Super 72 WREncozelb4 + Metalaxy 8% WP) at the rate of25- 30
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g 10 I' of water (Kanyekat al, 2007). The appdation of insecticide and fungicide was

done using a knapsack sprayer.

3.1.7 Data collection

3.1.7.1 Crop growth variables

Data collected for cover crops included plant stand at emergence, plant height (cm),
ground coverage (%), days to 80% flowering, dry matter yield and nodulation. Data
collected for maize cropvas dry matter for N determination. All the variables were

assesed at 80% flowering of the cover crops except for percent emergence.

3.1.7.2 Rant stand at emergence (%)
This was done by counting emerged seedlings from the three central rows and calculated
its percentage from the total expected plants. For covps cazords was collected at first

true leaf (VE) as described by Lafitte, 1993.

3.1.7.3 Rant height (cm)
Plant height (cm) was determined by measuring the height from the soil surface to the tip
of the shoot using a 5 meter steel tape measure and mean value from five plants

determined.

3.1.7.4 Ground coverage(%)

Ground coverage of all cover crops was determined using 0.5 x 0.5 m wooden quadrant
per plot as described by Chikoye (1999). A quadrant graduated by nylon string into 25
squares each with 10 x 10 cm was thrown randomly three times per plot. The square
coveed by the respective cover crgpecieswas counted and calculated to obtain %

ground coverage.
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3.1.7.5 Daysto 80% flowering of cover crops
Days to 80% flowering of cover crops was determined by counting the number of days

from planting to when the cover crop plants had flowered at about 80% of the population.

3.17.6 Dry matter yield (t ha®)

Dry matter yield for cover crops was collecteging a 0.5 x 0.5 m quadrant by harvesting

the above ground parts by randomly throwing three times per plot. All the plant parts in
the quadrant were harvested sorted to remove unwanted materials and sent to the
laboratory for DM determination as describdeg Peoplest al (1989). After drying the
samples at 6%5°C for 48 h the materials were weigheding AND Balance model

EK-12KA®. The cover crop materials were then taken for decomposition experiment.

Three randomly selected maize plants from middle rows from each plot were harvested
by cutting 23 cm above ground parts to ground leaethe time corresponding to 80%
flowering of the respective cover cropdetermine N content. The samples were brbugh

to laboratory, dried to constant weight at%5for 48 h and weighed:he total N content

was determinedsing themicro Kjeldahl methodafter thedried sampledeingpowdered

usingWiley mill and sieved with 1 mm sieve.

3.17.7 Nodule assessment

Four randomly selected plants from each plot of cover crop were dug out for nodule
analysis. The analysis included nodule count, effective nodule, nodule score and nodule
weight. The process involved watering before loosening the soil around the plants to
ressonable depth using a hand hoe and a sharpened peg making sure their roots were not
disturbed. The plants were then pulled out gently and washed by soaking in a half filled

bucket. The nodules were removed and those that fell off during the process migwash
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were added and counted. Nodule sases assessed using the scale describedoblyin

et al (1977 and Peopleset al (1989) and their effectiveness were carried out
gualitatively by visual observation of cross sections of the nodules. A pinkist ool

was used to indicate the effective nodules as described by GCetrlah (1977 and
Peopleset al (1989). Nodule weight per plant was assessed by putting the nodules in the

paper bags and ovetried at 65°C for 48 h after which they were weighed.

3.1.8 Laboratory nitrogen analysis

After sample grinding, 0.3 g of plant material and 1 g for soil each were mixed with 20 m|
concentrated sulfuric acid ¢8O,) and mixed with catalyst (salt mixture of,80O,,
CwSOA 5,8, Se; at the ratio of 1:0.1:0.01 for soil while for plant Se is omitted), and
digested in a block digester (model Gerhardt Kjeldatherm) for two hours. During
digestion the temperature used ranged fromi2820°C and 320 420°C for plant and

soil sampés, respectively. After cooling, the mixture was distilled using the Kjeltic Auto
Distillation unit (Gerhardt Vapodest) and catalyst (NaOH), 15ml mixture of 4% boric
acid, methyl red and bromocresol green were used to trap ammonia. The quantity of
ammoniawas determined by titration with standard 0.05 p€, and the concentration

of total N in the sample were calculated as shown below and described by Bremner and
Mulvaney (1982).

N % = 14/1000 * 0.05 * Volume of acid used/ Sample weight.

3.19 Estimation of N fixation by nitrogen difference method (NDM)
Dried plant shoots (of each plant sample) were ground and the total N content was
determined by the micro Kjeldahl method. Determination effixation (kg ha') by

individual leguminous cover crops {fixing) at flowering stage and of maize (AdRA



37

fixing) as reference crop was estimated using the steps as described by Beaples

(1989.

This method is based on the assumption thalthixing crop and the noiN fixing crop
assimilate identical amounts of soil N.

Where:

Ntfp = is total N inthe N-fixing legumeplant

Ntnp =is total N in the nofN,-fixing reference plant

Therefore, Ntnp: mean N vyield of maireas recordedduring harvesting oéach cover

cropspp Quantities of N-fixed was calculated using %N fromyNixing as:

N fixed (kgha') = {(%N from N; fixation) /100} x weight of legume biomasst é . . . ( 2)

Recentstudies have indicated that nodulated roots of legume plants contain substantial
amount of fixed N and that the proportion varies vgpleciegUnkovich and Pate, 2000).

In this study, nattemptwas made to estimate the fixed N in roots of the studgpehies.

3.1.10 Data analysis
Data analysis was done using the following linear statistical masletlescribed by

Snedecor and Cochran (19&4)P < 0.05

yi= O + piteif §fpeécééééé6e6e6e66666. .) (3

Where
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yj = is the observation on thexperimental unit in thé"irow and | colum of
the design

M= experimental mean

pi= row effect

yj= colum effect

(= isthe effect of K treatment

eij= random error

Meanswerecompared using DMRT at 5% level of probability and GenStat (2B0ih

Edition statistical software was used to assist the analysis.

3.2 Decomposition Experiment
3.2.1 Ste preparation and experimental materials
Within an experimental site an area was set aside for incubation process. The dried shoot

materials of LCC frontield experiment were used for incubation.

3.2.2 Experimental methods

Experimental design, treatments and treatment allocation

The experiment was conducted as a spbplit plot (RCBD) with three replications.
The mainplot factor were aboywround and underground incubation position; while the
five LCC as sukplot factor and the six sampling periods (retrieval) at an interval of three
weeks as sulsubplot factor. Sixsamples inlitter bag (3 from above ground and 3
underground manplots) from eachspeciesvere randomly drawn at three weeks intervals
and analyzed for N content. Alsamplef soil below eacHitter bag were collected for

N analysis.
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Twenty grams of dried shoot materials were filled into a 20 x 20 cm litterbag as described
by Karberget al (2008). The samples were incubated on the soil surface (aboveground)
andbelowthe soil surface (underground) at sample distance of 28nchthe dpth of O

15 cm The dstance separating one type of cover crop biomass to another in the
decomposition experimentas 40 cm. A total of 360 samples (6 sampling times x 6
samples per cover crop x 5 cover crops x 2 sites) were incubated. Irrigation was done
twice a week using watering canSamples initter bag were drawn at 3, 6, 9, 12, 15 and

18 weeks after incubation. The collecsaimplesvere packed into paper bags and sent to

the laboratory for N analysis as described by Pandey and Ray (2007).

3.2.3 Data collected
The collected data includeN content from five LCC tissues at each sampling time and

soil N (%).

3.24 Data analysis
The general linear equation used for analysis as described by Clewer and Scarisbrick

(2001) was as follows;

Yikm=H + iDA+ jj#Bx+AByx+ jx+ Cm+ ACim+ BCin+ ABCm+ Gikmé . . ().

Where:

Y ikm =Response level

i1 =General effect

b =Block effect

A ; = Main plot effect

Ui = The main plot random error (Error a)

B k =Subplot effect
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AB i« = Interactioneffect between the majplot and the subject
ik = Subject error (Error b)

C m=Subsubplot effect

AC i =Interaction effect between maptot and the susub-plot

BC km= Interaction effect between sytbot and the suisub-plot

ABC jm = the three wayFactor A*B*C =Interaction effect between mapot, subplot

and the suisubplot)

Cikm= Subsubplot random error effect (error c)

Means were compared using DMRT at 5%.
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 Feld Experiment

4.1.1 Weather

The amount of rainfall received during the study was unevenly distributed at both sites.
At ARI-Uyole rainfall amount was 338.3 and 26.8 mm in December 2011 and April 2012,
respectively. At Mwandobela rainfall amount was 138.9 and 16.7 mm in February and
May 2012, respectively. During the cropping season the frost occurred oncedyalRI

and at Mwandobela ice rain occurred twice. At ARlole monthly maximum air
temperature wag5.3 and 21.2C in October 2011 and July 2012, respectively, while
minimum ar temperature was 14.3 and 62 in January and July 2012, respectively.
Mean ground temperature was 13.0 af3b °C (frost) in January and July 2012,
respectively. The mean relative humidity was lowest in October and November (30%);
and highest in Jammy (62%). The Radiation was lowest (14.7 Nf#fay1) in January

and highest in June (19.0 MJaay") as shown in Fig. 1 and 2.
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Figure 1: Rainfall at ARI -Uyole and Mwandobela for season 2011/2012
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Figure 2: Weather trends at ARI-Uyole for 2011/2012 season
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4.1.2 il analytical results

4.1.2.1 Site characterization

The soil analytical results were interpreted based on Landon (1991) descriptions. Soil
characteristics of thexperimental sites before planting the LCC are shown in Table 2.
Particle distribution of the soil ati020 cm depth was 30.8% clay, %4 sand and 25.2%

silt; and 20.08% sand, 49.6% clay and 30.32% silt for-ARbdle and Mwandobela,
respectively. The salwere classified as sandy loam and sandy clay loam fol ARlle

and Mwandobela, respectively. The sites had medium pH (water) and cation exchange
capacity; and very low N and organic C for both sit&RI-Uyole had moderate

extractable Rvhile Mwandobeldhad low P

Table 2: Soil characteristics before planting of LCC at ARI-Uyole and
Mwandobela

Parameter Unit ARI-Uyole Mwandobela
Value Rating Value Rating

Physical properties
Clay % 30.8 201
Sand % 44.0 sandy loam 49.6 sandy clay loam
Silt % 25.2 30.3
Chemical properties
Soil pH (1:25) pH 6.51 Medium 6.02 Medium
H.O
Total N % 0.04 Very low 0.02 Very low
Organic Carbon % 0.18 Very low 1.28 Very low
Extractable P mgkg* 17.04 Moderate 11.97 Low
CEC (cmol 10.31 Medium 13.63 Medium

(+) kg™
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4.1.2.2 Soiknalytical results at 80% flowering

Table 3 shows soil N and pH before planting and at 80% flowering of LCC at the study
areas. Results show that there was an improvement in % N from 0.04 to a range of 0.08
(100 %)to 0.1 (150 %)at ARFUyole and from 0.02 to 0.0800 %)at Mwandobela.

There was a drop in soil pH from 6.51 to a range of 5.7 to 5.9 attABle and from

6.02 to a range of 5.6 to 5.9 at Mwandobela as a result of planting LCC.

Table 3: Soil pH and N before planting and at80% flowering of LCC at ARI -
Uyole and Mwandobela

Cover crop ARI-Uyole Mwandobela
% N % N
pH %N increment pH %N Increment

Before

planting 6.51 0.04 6.02 0.02

At 80%

flowering Jackbean 58 0.08 100 59 0.08 300
Velvetbean 5.7 0.09 125 56 0.08 300
Cowpea 59 0.09 125 5.7 0.08 300
Lablab 59 0.09 125 5.7 0.08 300
Soybean 59 0.10 150 5.8 0.08 300

4.1.3Growth parametersof the different cover crops

4.1.3.1 Gop emergence (%)

Table 4 indicates theomparison betweecover crops on crop emergence, plant height,
ground coverage arat 80% flowering. Significant effeqpO 0. 05) of LCC a'f
as indicated in Table 4. At ARJyole there were significant differencgs<0.05)among

plants at emergenc&he hghest emergence (93.5 %) was recorded on plotsasitipea

followed by lablab (92.%), velvet bean (89.7 %3pybean (85.%) and lastly was

jackbean (68.8 %).



Table 4: Effect of LCC on emergence, plant height, ground coverage and days to 80% flowering for LCC at ARJyole and

Mwandobela

ARI-Uyole
Cover crop Emergence Plant height  Ground
coverage

(%) (cm) (%)
Jackbean 68.8 b 58.4b 62.3C
Velvet bean 89.7a 70.3a 100.0 a
Cowpeas 93.5a 49.8 c 87.4Db
Lablab 928 a 57.9b 97.7a
Soybean 85.7b 459d 80.0b
Grand mean 87 78.7 82.6
CV (%) 9.1 11.2 7

Days to 80%

flowering

101

137
131
88
76
106.6
1.01

Mwandobela
Emergence Plant Ground
height coverage
(%) (cm) (%)
77.5cC 62.1b 78.4 Db
85.8b 70.5a 100.0 a
95.8 a 39.3c 99.5a
95.3a 59.1b 997 a
75.2 c 42.1c 71.2b
82 70.07 82.9
7.4 12.1 9.5

Days to 80%

flowering

126
112
76
59
90.6
18.9

80

17

Means in the same column followed by the same letter are not statistically differeht. 0 5 )

by

Duncanos

New Mul ti

p
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At Mwandobela there were significant differen¢ps0.05) among plants at emergence.
Cowpea recorded the highegith 95.8and lablab with 95%. The emerged plants were

followed by plots with velvebean(85.8%), jackbean77.3%), and soybea(v52%).

4.1.3.2 Fant height (cm)

The tallest plants were recorded in plots witilvet crop having70.3 and 70.5 cm at
ARI-Uyole and Mwandobela sites, respectivep. ARI-Uyole soybean recorded the
shortest (4® cm) while at Mwandobela soybean and cowpea fladt height 0f42.12
and 39.29 cm, respectivelplant height variation was attributed mainly to differehm

plantspecies

4.1.3.3 Gound coverage(%)

Results show significant differencggO 0. 05) among LCC on gr ou
bean and lablab had the highesbwgrd coverage of 100.0 and %% 7at ARFUyole,
respectively;whereagackbeanhad thelowest ground cover 062.3%. At Mwandobela

the highest ground cover was recorded by velvet {&@6%), lablab (99.76) and
cowpea(99.9%0) whereagackbean (78.4%) and soybean (7% recorded the lowest
ground coverThese results agree with the findings by Casskal (2001) who reported

that ground coverage development increased with time of cover crops in the field and
velvet bearspeciegecorded the highest 100% ground cover irf@60days after planting

in Weg Africa. Furthermore, Carskgt al (2001) found out that velvet bean physically
protected soil from raindrop impact and prevented surface soil compaction, thus reducing

rain water runoff and soil erosion.



Table 5: Effect of LCC on nodule assessment, N content, dry matter and fixed &t ARI-Uyole and Mwandobela

Cover crop ARI Mwandobela

Nodule Effective Nodule N Dry Fixed N Nodule Effective Nodule N Dry Fixed N

number nodule  score content matter number  nodule score content matter

(%) (tha™ (kgha™) %)  (tha™) (kgha™)

Jackbean 0.6c 02b 0.1b 4.7 b 57c 270c l.1la 0.1b 0.1b 48c 6.1c 295¢c
Velvetbean 109 a 5.1a 1.7a 51la 214a 108.0a 14.1a 53a 10b 55a 177a 959a
Cowpea 8.2a 3.0a 10a 45c¢c 116D 52.2b 17.5a 5.7 a 1.8a 51b 95b 48.4 b
Lablab 3.8b 0.1b 0.3b 47b 6.6 C 30.7 ¢ 5.4a 1.8b 0.7b 4.3d 8.2b 349c
Soybean 3.4Db 0.3b 0.2b 3.9d 4.7 d 185¢c 21.3a 55a l6a 46 ¢ 5.2c¢ 24.0d
Grand mean  5.38 174 0.66 458 10.0 47.28 11.88 3.68 1.04 4.86 9.34 46.5
CV (%) 19.1 12.9 10.8 10.2 12.2 18.4 19.3 16.0 14.7 4.2 13.2 6.2

Means in the same column followed by the same letter are not statistically differ@@t5) byDuncandés New Mul tipl e

LY

Ran
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4.1.3.4 [ays to 80% flowering of cover crops

Number ofDays to 80% flowering of cover crops did not show significant diffezs(p

< 0.05)betweersites. Velvet bean took 12iays to 89 flowering at ARI-Uyole and 126
days at Mwandobela while soybeans took dd&ys at ARIFUyole and 59 days at
Mwandobela.The non significant effect observed on number of days té&Dwering

of LCC could be attributetb the difference in altitude between the two sites. Since ARI
Uyole is at higher altitude (1795 m.a.s.l) it experienced caeteperaturgl7 °C), which
increased the number of days the LCC to flow#06 dayg. On the other hand,
Mwandobelalocated at medim altitude (1398 m.a.s.l) experiencealatively warmer
temperaturg26 °C) resultingthe cover crops to attain 80% flowering relatively much

earlier 0.6 days

4.1.3.5 Mdule assessment

4.1.3.5.1 Nodule number

At ARI-Uyole, velvet bean recorded theghest number of nodules and the differences
weresignificant(p O 0 .cdinbared with theest ofLCC except cowpeas. On the other
hand jack bean significantly produced the lowest number of nodules compared with all
the other LCC. At Mwandobela, there ieeno significance differences among the LCC in

number of nodules.

4.1.3.5.2 Effective nodule

At both sites, there were significant differences among LG effective number of
nodules. At ARIUyole thehighest number of effective nodules was observed in plots
with velvet bear(5.1) followed by cowped3.0), soybear(0.3) and lablal(0.2). The least
number (0.1) was observed with jackbeamt Mwandobela the highest numbers of

effective nodulewas observedn plots with cowped5.7), followed by soybearf5.5),
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velvet bearn(5.3) and lablakh(1.8). The least number was observed on plots with jackbean
having 0.1and differences were significagpO 0. 05) when it was

other LCC exept Lablab

4.1.3.5.3 Nodule score

The highest nodule score at ARlole was recorded on plots with velvet bedh.7)
followed by cowped1.0), lablab(0.3) and soybeafi0.2). The least was jackbean which
recorded A.. At Mwandobela site the highest were observed on plots with co(@p®a
followed by soybearn(1.6), velvet bean(1.0) and lablab(0.7). The last reading was

recorded on plots with jackbean at 0.1.

Cowpea resulted in high€2.8) nodulescorein both sites followed by velvet bea2.7).
Jackbean recorded the lowd$§t2) nodule score at both sites.Similar fidings were
reported byKikafundaet al (2001) in which the author observdew effective nodules
on jackbeanThe results from this study indiathat soybean produced high number of
effective nodules at Mwandobela and lowest at-Algble. The findings at Mwandobela

are in agreement with observations mad®©pgm et al. (2007).

4.1.3.6 Ntrogen content (%)

Significant difference(p<0.05) among LCC studiedvas observedor N content.The
results from AR{Uyole showed that highest N concentration was recorded in plots with
velvet bean5.1%) followed by jackbear{4.7%6), lablab(4.7%) and cowped4.5%). The
least N content was record&#dm soybean at.8%. However, aMwandobela the highest
were recorded in plots with velvet beén5%) followed by cowpea’5.1%), jackbean

(4.8%) and soybeafd.6%). The least reading was observed on plots with lablat8%i.4.
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The percentage N content froplant materials is associated with dry matter production

and subsequently total amount of N fixed by the LCC.

4.1.3.7 Dy matter

Highly significant effects(p O 0 . @ntbrig)LCCin dry matter accumulatiomvere
observedat both sites and velvet bean produtieehighestbiomass. The dry matter yield

of legume at ARIUyole was found to be higher on plots with velvet b&h35t ha?),
followed by cowped11.57t ha'), lablab(6.57t ha') and jackbear5.71 t ha). A similar

trend was observed at Mwandobela Table 5. At both sites, soybean produced the lowest
dry matter accumulatiortigh dry matter production observed in velvet bean materials
was also associated with long time spent by the crop in the field befaneirat 80%
flowering. Eilitta et al (2002) reported that velvet bean has the capacity to establish
ground cover rapidly, produce large amount of above ground biomass and accumulate

nutrients with consequent beneficial impacts on main crop yield in wagiouronments.

4.1.3.8Fixed nitrogen

The quantities o, fixed by the LCC are presented Table 5.At ARI-Uyole the highest
amount of fixed N was observed on plots with velvet bean followed by cowpea, lablab
and jackbean at 108.04, 52.24, 30.78 2nd2 kg N ha, respectively. The least fixed N

was observed on plots with soybean at 18.45 kg N AaMwandobela site the highest
reading was recorded with velvet bean followed by cowpea, lablab and jackbean at 95.85,
48.39, 34.93 and 29.53 kg N"haespectively. The lowest fixer wasybearfixing 24.01

kg N ha'.
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4.1.3.9 Performance of LCC on N content, dry matter and fixed Nacross

location
Results on studied LCC across location showed that velvet beahigiadN content
(5.3%), high dry matter(19.5 t hd) and accumulated high fixed N101.9 kg N h#)
followed by cowpeas, lablab, jackbean and lowest was soyh@amsres 35). The
results obtained conquer with findings Wullen (1999) who reported that well
nodulated LCC can fix arourzDto 140kg residual N ha in the soil which is equivalent
to 50/ 300kg urea fertilizer ha. Velvet bean accumulated high dry matter followed by
cowpea and least was soyabean. The N content was almost similar for all studied LCC
Fig. 3. The fixed Nin velvet bearis dependent on biomass levels. The results are similar
to the findings by Bucklest al. (1998). The results show significamtifferences(p O
0.05)among LCC in themount of N fixed Similar resultswere reported b{pakora and
Keya (1997)who found thategumes can fix between 15 and 581 kg N.hAzelvet bean
produce the highest amountwhereassoybean produced the lowest amount of fixed N
from both sites. Thee findings are contrary toresults reportedoy Salvagiotti and
colleagues (200§. The authors founthe amount of N fixed by soya averaged 6152
kg N ha*. Similarly, resultsfrom thisstudy on N fixed by jackbean contiiet findingsby
Bayorboret al. (2006) in Ghanavho found thajack bean fixed 187.24 kg N Hawhen

evaluating some herbaceous legumes for use in rice.
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Figure 5: Performance of LCC on fixed N across all locations
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4.2 DecompositionExperiment

4.2.1 Decomposition rate and patten of N content in the soil andLCC leaves

The patterns of N conteirt the soil andof decomposed leaves of LCC are presented in
Figure 625. Generally, there was a decreasing trend of N content in LCC leaves placed
above and underground position throughout the decomposing period 4lyaRl The
graphs show a bit fastedecrease at 9 12 weeks for velvet bean when placed
underground. Similarly faster decreasas observed@t 3 - 6 weeks for cowpeas when
placed aboveground.he results show that there was an increasing trend of soil N with
time of decomposition in all LC@nder study. However, faster rates were observed-at 12
15 weeks of decomposition for jack bean, velvet bean and cowpea when placed both
above and underground position. Lablab and soybean show slight decreasing trend
throughout the decomposition period wt@aced both above and underground position.
Results for decomposition of LCC leaves at Mwandobela show a similar trend throughout
the time. There was a slight decreasing trend of N content in leaves and a slightly

increasing trend of N content in soil eiplaced above and underground position.

4.2.2 Combined effect of N content on location and position

Table 6 presents the combined effect on location, position, cover crops and time on N
content.No significant differencavas observed ol contentwhen combinedn both
locatiors and positios at ARI-Uyole and Mwandobela areaslowever, Mwandobela

area was slightly higher in N content when compared tcByile area.

4.2.3Combined effect of LCC andincubation time on N content
The effect of LCC andncubationtime on N content show highly significant difference
(p<0.001).Plotswith lablab legume showed to have higher nitrogen content followed by

soya, cowpea, velvet and lastly by jackbean legume. Means for the effect obitdiney
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on nitrogen content gave highly significant difference between retrieval periods. The
amount of nitrogen obtained within 6 weeks retrieval time was higher followed by 18, 12,

9, 3 and 15 weeks retrieval time periods.
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Figure 6: The N content for soil and leaves of jack bean placed aboveground by

time after decomposition at ARFUyole
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by time after decomposition at ARIFUyole
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Figure 10: The N content for soil and leaves of cowpea placed aboveground
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Figure 14: The N content for soil and leaves of soybean placed aboveground

after decomposition by time at ARFUyole
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after decomposition by time at ARFUyole
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after decomposition by time at Mwandobela
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after decomposition by time at Mwandobela
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Figure 24: The N content for soil and leaves of soybean placed aboveground

after decomposition by time at Mwandobela
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Table 6: Combined effect of location, position, cover crops and time oN

content

Variable %Nitrogen content

Location ARI-Uyole 0.349a
Mwandobela 0.354a

Position Aboveground 0.353a
Underground 0.352a

LCC Jackbean 0.320c
Cowpea 0.344 Db
Lablab 0.385a
Velvet 0.325¢c
Soya 0.384 a

Time (weeks) 3 0.352 bc
6 0.360 a
9 0.352 bc
12 0.354 b
15 0.335¢
18 0.357 b

Means in the same column followed by the same |sttaut statistically

different(p< 0. 05) by Duncands New Multiple Range
Generally, the N content of decomposed LCC in leavesdeasasedvith time and it

did not show a stable state for both sites and positions. Thonmss#n(2000) when
evaluating legume decomposition and nitrogen release when applied as green manures to
tropical vegetable reported similar results. Furthermorestindy show that N content in

the soil was increasing with time of decomposing LCC tissues and it did not attain its
peak during the study period. In Kenya similar results were reported by Odhiambo (2010)

when evaluating cover crops decomposition and Nasel@n different soils.
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CHAPTER FIVE

5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

Generally the study observed that different L€gecieshave different potential of fixing
N, and accumulating dry matteAmong the studied LC@cross locationsvelvet bean
had high N, fixing potential (101.9 kg N h8 followed by cowpea (50.8g N hab).
Furthermoreyelvet bean hatligh N, fixing potential (101.9 kg N h§ andaccumulatd

high dry matter(19.5 t h&) followed by cowpea (50.3 kg N Hand 10.5 t ha).

There was an increasing trend of soil N with time of decomposition. However, faster rates
of increasing soil Nvere observed at 1P5 weeks of decomposition for jack bg@m09-
0.13 % N) velvet bean(0.087 0.12 % N)and cowped0.11 7 0.12 % N)when placed

both above and underground position

5.2 Recommendations
From the results of these studies, tbikofving are recommended:
i.  Velvet bean and cowpea to be incorporated in cropping systems so as to improve
crop productivity and soil fertility for resource poor farmers.
ii.  Evaluation of LCC together with synchronizing N release by residues and uptake
by the subsequent crop should lome for wider adaptability
iii.  The results of this study were obtained from only one season. In order to validate
the findings, it is recommended that the study be conducted in different agro

ecological environments and seasons.
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APPENDICES

Appendix 1: Summary of analysis of variance (ANOVA) of studied variables

at ARI-Uyole
Variable Column Row Treatment
Emergence (%) ns ns Hok
Plantheight (cm) ns ns Kok
Ground coverage (%) ns ns ook
Flowering (80%) ns ns -
Nodule number ns ns ok
Effective nodule (no) ns ns ok
Nodule score ns ns ok
Dry matter (t/ha) ns ns Hokok
Nitrogen content (%) ns ns Hokok
Fixed nitrogen (kg/ha) ns ns ook

ns = not significant
* = significant at P<0.05
**= gignificant at P<0.01

***= gignificant at P<0.001



9%

Appendix 2: Summary of analysis of variance (ANOVA) for Mwandobela

Variable Column Row Treatment
Emergence (%) ns ns o
Plant height (cm) ns ns -
Ground coverage (%) ns ns —
Flowering (80%) ns ns —
Nodule number ns ns ok
Effective nodule (no) ns ns -
Nodule score ns ns ok
Dry matter (t/ha) ns ns ook
Nitrogen content (%) ns ns —
Fixed nitrogen (kg/ha) ns ns —

ns = not significant

* = significant at P<0.05
**= gignificant at P<0.01
***= significant at P<0.001



Appendix 3: Summary of combined analysis of variance (A NOVA) for the studied variables

Variable Location Column Row Treatment Locationx  Locationx Treatment x
Treatment Column Colum

Emergence (%) o ns ns rxk rxk ns ns
Plant height (cm) o ns ns ol ol ns ns
Ground coverage (%) ns ns ns rxk Frk ns *
Flowering (80%) kk ns ns rxk rxk ns *
Nodule number ok * ns *hx *hx ns ns
Effective nodule (no) ok ns ns *rx Frx ns ns
Nodule score ok ns ns Fxk Fxk ns ns
Dry matter (t/ha) o ns ns rxk rxk ns ns
Nitrogen content (%) ns ns ns ns ns ns ns
Fixed nitrogen (kg/ha) * ns ns * * ns ns

ns = not significant

* = significant at P<0.05
**= gignificant at P<0.01
***= significant at P<0.001
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Appendix 4: Summary of combined analysis of variance (ANOVA) for the N
content after decomposition

Variable Location Position Treatment Time Interaction
Nitrogen
content (%) ns ns *kk *kk ok

ns = not significant
* = significant at P<0.05
**= significant at P<0.01

***= significant at P<0.001



