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ABSTRACT

Field experiments were conducted at the Plantation Crops Section of the
Department of Crop and Soil Sciences, Faculty of Agriculture, Kwame Nkrumah
University of Science and Technology, Kumasi, Ghana during the 2014 and 2015
major and minor rainy seasons to evaluate the nitrogen fixing potential of some
grain legumes and their residual effects on yield of maize. In the 2014 major
cropping season, five varieties each of groundnut, soybean and cowpea were
planted out in a randomized complete block design and replicated four times. In the
minor season of the same year, the haulms were left on their respective plots and
maize variety Abontem was planted on each plot with a plot treated with
recommended fertilizer rate (90 kg N, 60 kg P20s and 60 kg K>O /ha). In the 2015
major season, four varieties of soybean inoculated at a rate of 10 g of inoculant perl
kg of soybean seeds and three levels of inorganic N (0, 30 and 60 kg/ha) were laid
out in a randomized complete block design and replicated four times. In the
following minor rainy season of the same year, the haulms were left on their
respective plots. Maize variety Abontem was planted on all plots and a plot treated
with recommended fertilizer rate. Results of the study indicated that groundnut
produced the highest haulm N followed by soybean and cowpea. Among the
groundnut varieties, Manipinta, Nkatiesari and Jenkaar produced the highest haulm
N, while Manipinta produced the highest grain yield. Among the soybean varieties,
Quashie and Songda produced the highest haulm N than other varieties, while

Sonqu-panqu produced the highest grain yield. Among the cowpea varieties,



Hewale produced the highest haulm N than other varieties, while Asontem
produced the highest grain yield. All haulm-incorporated plots produced higher
grain yield of maize than the plot treated with recommended fertilizer rate except
Asetenapa and Asontem cultivated plots. Residual N from groundnut produced
higher grain yield of maize than the soybean and cowpea treatments. The Haulm
produced from Quashie significantly gave the highest grain yield of maize (2482
kg/ha). In 2015, under sole inoculation, Salintuya-1 and Songda produced the
highest haulm N. Quashie and Songda produced the highest haulm N at 30 kg/ha N
while Quashie produced the highest haulm N at 60 kg/ha while Sonqu-panqu
produced the highest grain yield under all conditions. All haulm-incorporated plots
produced lower grain yield of maize compared to the recommended fertilizer rate.
Under sole inoculation, haulms from Quashie and Sonqu-panqu produced higher
grain yield of maize. Haulms from Songda produced the highest grain yield at 30
kg/ha N and that of Salintuya-1 gave the highest maize grain yield at 60 kg/ha N.
Manipinta and Jenkaar among the groundnut varieties were found to have the
highest nitrogen fixing potential while Manipinta produced the highest grain yield.
Quashie and Songda among the soybean varieties were observed to have the highest
nitrogen fixing potential, while Sonqu-panqu produced the highest grain yield.
Hewale among the cowpea varieties emerged as having the highest nitrogen fixing
potential and Asontem produced the highest grain yield. Inoculation and inorganic
N are beneficial to soybean production as indicated in this study, but further
research is needed to ascertain the actual level of N for the different varieties of

soybean. As par the economic evaluation of grain legumes production in this study,



under favourable weather conditions, farmers can obtain financial benefits, ranging
from earning more income from the sale of the grains to utilization of the haulms
for the production of maize. These, will not only improve their standard of living,

but also contribute to the country’s GDP.
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CHAPTER ONE

GENERAL INTRODUCTION

1.0 Background

Nitrogen (N) is the most important limiting nutrient in both natural and agricultural
systems, despite the fact that approximately 80% of the atmosphere is nitrogen gas
(N2).  Nitrogen gas is unusable by most living organisms. Macro and
microorganisms can die of nitrogen deficiency, surrounded by the nitrogen they
cannot use. All organisms use the ammonia (NH3) form of nitrogen to manufacture
amino acids, proteins, nucleic acids and other nitrogen-containing components
necessary for life (Lindermann and Glover, 2003; Mikkelsen and Hartz, 2008).
Currently, most of the usable nitrogen is supplied through a chemical process (e.g.
the Haber-Bosch process which converts atmospheric nitrogen into ammonia using
very high quantities of energy) or through mining mineral deposits (Anonymous,

2013).

Irrespective of whether these fertilizers are produced chemically or by mining, the
energy and environmental costs of their production and use are exorbitant
(Anonymous, 2013). Over application of inorganic nitrogen can result in negative
effects such as leaching, pollution of waters and atmosphere with nitrous oxide and
other oxides of nitrogen, and ammonia. It can also lead to destruction of
microorganisms and beneficial insects, crop susceptibility to disease attack,
acidification or alkalization of the soil or reduction in soil fertility, thus causing
irreparable damage to the agricultural system (Byrnes, 1990). Over supply of N
also leads to softening of plant tissues resulting in plants that are more sensitive to
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diseases and pests (Chen, 2006). Chemically, applied nitrogen when used in excess
reduce the colonization of plant roots with mycorrihizae and inhibit symbiotic N
fixation by rhizobia. It also enhances the decomposition of soil organic matter,

which leads to degradation of soil structure (Chen, 2006).

An alternative, cheaper and safer way to add nitrogen to the soil, which has been
used since the beginning of agriculture and still the basis of some cropping systems,
is biological nitrogen fixation (Anonymous, 2013). Plants especially legumes and
bacteria form a symbiosis in which nitrogen from the atmosphere is fixed into the
plant tissues. The nitrogen is also used by bacteria for its growth and development
and later released to the soil. Plants also benefit from N fixed by the bacteria when
the bacteria die and release nitrogen to the environment or when bacteria live in

close association with the plant. (Anonymous, 2013).

Some legumes have better potential of fixing nitrogen than others. Common beans
have poor fixing potential (less than 57 kg per hectare) and fix less than their
nitrogen needs. Other grain legumes, such as peanut, cowpea, soybean and faba
bean have very good nitrogen fixing potentials and can obtain all of their nitrogen
needs through nitrogen fixation, other than that absorbed from the soil. These
legumes may fix up to 280 kg of nitrogen per hectare and often not usually
fertilized. In fact, they usually do not respond to nitrogen fertilizer as long as they
are capable of fixing nitrogen (Peoples et al., 1989).

Research has shown that the amount of nitrogen returned to the soil during or after
a legume crop, helps to improve the fertility of the soil, by improving the soil
conditions or by adding more nitrogen. Nitrogen rhizodeposition of grain legumes
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may represent a significant pool in crop rotations. The percentage of N
rhizodeposition according to Mayer (2003) relative to total plant N constituted
between 12% and 16%, relative to residual N 35% —44% and about 80% of below
ground plant N. Based on field data, N rhizodeposition contributes between 6 and
68 kg N ha™! and results in more positive N balances for grain legumes.

Rhizodeposition could be a key to understanding the positive crop rotation effects.

Incorporation of legume residues into the soil was reported to have significant
contributions to succeeding cereal crops. Researchers including Okito et al. (2004),
Tanimu et al. (2007), Hayat et al. (2008), Bonsu and Asibuo (2013) have reported

significant contributions of legume residues to succeeding cereal crop yields.

Many researchers have attempted to quantify the contributions of the legume
residues to succeeding cereal yields: ranging from the incorporation of the sole
residues to supplementing the residues with mineral fertilizers. However,
comparison has not been made between recommended fertilizer rate application

and the sole residues to ascertain their actual contributions.

1.2 Problem statement

The continued depletion of soil nutrients and the potential environmental pollution
of the application of inorganic sources of fertilizers in Africa necessitates
harnessing more appropriate, safer and alternative solutions for sustainable crop
production. The use of legume plants in cropping systems to improve the plant
nutrition system and reduce the impact of environmental pollution will enhance the

production of better crop yield and sustained soil fertility.



1.3 Justification of the study

Ecological considerations require an understanding of the relative contribution of
N2-fixing components of the N-cycle. Understanding the amount of N> fixed by
legumes as influenced by soil management or cultural practices allows
development of efficient agricultural and agro-forestry production systems.
Legume crops are important because of their ability to fix atmospheric nitrogen
through symbiosis with rhizobia. Increasing population in third world countries like
Ghana calls for increased food crop production. Farmers in this part of the world
are normally poor and cannot afford the purchase of chemical fertilizers, hence an
alternative must be provided for them. In addition, most farmers are not good
managers of crop residues, which can supplement all the nutrient needs of crops to

enhance crop production.

1.4 Objectives of the study

The main objective of the study was to determine the nitrogen fixing potential of

some selected grain legumes and their residual effects on maize yield.

1.3.1 Specific objectives

1)) Determine the nitrogen fixing potentials of some groundnut, soybean and
cowpea varieties in Ghana.

(IT)  Assess the contribution of the residue N of groundnut, soybean and cowpea
to maize grain yield.

(IIT)  Evaluate the effect of inorganic N with inoculation on growth, grain yield
and N fixation of soybean.

(IV)  Compare the contribution of residue N and recommended fertilizer rate
application to maize growth and yield.
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(V)  Determine the financial benefit of legume production and subsequent use of

haulm and recommended fertilizer rate application on maize yield.
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CHAPTER TWO
LITERATURE REVIEW

2.1 Plant nutrients

The plant environment (aerial and soil) must provide the optimum conditions for
normal growth and development of the plant (Panda, 2010). One of these conditions
is the plant nutrients, which are crucial for the attainment of maximum yield
(IRRICIMMYT, 2009). Nutrients are varied depending on their importance and
quantity required by the plants. Carbon (C), hydrogen (H), and oxygen (O) are
found in air and water; hence, little manipulation can be done in terms of their
supply. Nitrogen

(N), potassium (K), magnesium (Mg), calcium (Ca), phosphorous (P), and sulphur
(S) are found in the soil. They are used in relatively large amounts by the plant and
are called macronutrients (Hodges, 2002; Anonymous, 2015). There are other
elements found in the soil that are used in much smaller amounts, these are called
micronutrients, or trace elements: iron (Fe), zinc (Zn), molybdenum (Mo),
manganese (Mn), boron (B), copper (Cu), cobalt (Co), and chlorine (CI) (Hodges,
2002). The low requirement of the trace elements can be attributed to the fact they
participate mainly as constituents of hormones and enzymatic reactions (Hodges,

2002; Panda, 2010).

The macronutrients are further subdivided into primary and secondary. Nitrogen,
phosphorus and potassium are considered primary macronutrients; these are needed
in large quantities by plants for their survival, but are usually lacking in the soil

because of environment and soil type (Panda, 2010). The soil usually has enough
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quantities of the secondary macronutrients (calcium, magnesium and sulphur) so
fertilization is not always needed (Anonymous, 2015). The challenge lies greatly in
the supply of the primary macronutrients. These can be obtained from different
sources: they can be obtained organically (through farmyard manure, compost, crop
residues etc.), inorganically through some chemical processes (such as the Haber
Bosch processes that converts atmospheric nitrogen into chemical nitrogen using
very high quantities of energy) which is highly expensive in terms of their
environmental and energy costs (Anonymous, 2013). In this case, they may be
inadequate to the plants or incompatible with the environment. There must be some
cheaper, compactible and sufficient means of supplying these nutrients to augment

the unavailability in the soil.

The optimum supply of these nutrients is critical not only to the plant, but to the
well-being of the soil environment and subsequently to the ecosystem. For example,
excess supply of these nutrients is detrimental, causing undesirable environmental
impact such as pollution of soil and underground water in addition to poor quality
growth and development of the plants (UNEP, 2014). Nitrogen, phosphorus and
potassium are among the most limiting nutrients for plant growth as they play
different but crucial roles in the plant physiological processes and nitrogen being
the most limiting nutrient to the plant physiological processes (Mmbaga ef al,

2014). Nitrogen is limiting because it is nearly absent in new soils (Vitousek and
Howarth, 1991). The physiological basis for nitrogen limitation compared to
phosphorus stems from the fact that there is substantial mobility of the element

across ecosystem boundaries even when obtained from atmospheric sources



(Vitousek and Howarth, 1991; Raich et al., 1996). Nitrogen is also more readily lost
through leaching, volatilization and denitrification to the atmosphere (Evans and

Seeman, 1989).

2.2 Nitrogen.

The most important of the primary macronutrients is nitrogen, because it is required
by plants in the largest quantity (IRRI-CIMMYT, 2009). It is also the nutrient
responsible for controlling growth in plants. Nitrogen is a vital plant nutrient
because it is a major part of nucleic acids and chlorophyll and all amino acids,
which are the building blocks of all proteins, including enzymes, which control
virtually all biological processes (Thomas and Vincent, 2012). However, it is the
most commonly deficient in many soils and costly to produce, leading to low
agricultural yields (Gutschick, 1981; Montanez, 2000; Anonymous, 2013).
Deficiency leads to low protein levels, chlorosis, a stunted appearance of plants that
develop thin, spindly stems, susceptibility to greater disease attack, abnormality in
the growth and development of the plant and poor yields (Brady and Weil, 1999).
It is then of paramount importance to consider the right amount, at the right time
and a safer source so that the maximum benefits of the nutrient are harnessed
(Mikkelsen and Harts, 2008). Widespread occurrence of nitrogen limitation is a
major concern in the terrestrial and marine ecosystem. In the long run the modern
intensive agricultural system will be nitrogen limiting. Hence, there is a good
relationship between the nitrogen availability and photosynthesis in the terrestrial

ecosystem (Field and Mooney, 1986).



The greatest source of nitrogen in the present day crop production systems are the
inorganic fertilizers and the most important element in inorganic fertilizers is
nitrogen because it contributes more than 70% of the increment in crop yields
(Danso and Eskew, 1984). Unfortunately only 30 to 50% of the inorganic nitrogen
applied is used by the crops, the rest is lost to the environment by volatilization to
the atmosphere or leached into to the ground where they serve as pollutants in the
soil and underground water (Danso and Eskew, 1984). Sustainability of nitrogen
supply concerns not only its availability to the plants, but the protection of the
ecosystem from pollution. Since the most important present day source is through
addition of chemical fertilizers to the soil which is always not safe to the
environment and costly to use. Thus, other sources must be harnessed for a
sustainable agriculture. Nitrogen can be easily supplied to the crop through
biological N> fixation, a symbiotic process between legumes and bacteria which is
very important in nature as it uses less energy and therefore safer to the
environment. This association between legumes and bacteria could therefore be an

important component of sustainable agriculture (Montanez, 2000).

2.3 Biological nitrogen fixation

Some organisms have the ability to convert atmospheric nitrogen to ammonium, a
process referred to as N» fixation. This 1s a special ability of some organisms
(bacteria, actinomycetes, and cyanobacteria) to form special, mutual and beneficial
relationships with plants (O’Hara, 1998). Symbiotic relationship between bacteria
and plants has been known for a long time. Current study indicates that no plant

fixes its own nitrogen, but in symbiotic association with certain bacteria called



rhizobia (Cheng, 2008). Legumes are capable of forming symbiotic association
with bacteria found in their nodules, a notable aspect of legumes. The most
important and abundant symbiotic association between bacteria and plants is the

association of Rhizobia with legumes (Danso and Eskew, 1984).

Biological N> fixation is considered very important in nature, because it is the safest
means of supplying nitrogen to the plants through symbiotic association with
bacteria (Loynachan, 2005). Legume seed coat contains different types of
flavonoids in large quantities. These flavonoids act as chemo-attractant for the
corresponding root nodule forming bacteria and induce rhizobium node gene
(Mylona et al., 1995). As the roots of legumes grow, nodules are formed in two
stages: infection and organogenesis (Hopkins and Hiiner, 2004, Taiz et al., 2015).
Rhizobia bacteria infect the root hairs where they begin to multiply. As a response
to this colonization, the legume forms nodules, which are structures that form

around the Rhizobia.

Within these nodules, Rhizobia bacteria are able to continue multiplying and
converting the N> from the soil air to ammonium. The legume plant supplies the
carbohydrate (photosynthates produced by the plant) for bacterial growth while the
bacteria fix atmospheric N> into NH4"; this is converted to plant useable amino
acids to be used by the plant for its growth and development (Russelle, 2008).
However, the presence of nodules is not a sufficient indicator that nitrogen is being
converted to ammonium (Giller, 2001). Effective nodules generally have pink to

red interiors, and concentrate around the taproot. On the other hand, non-effective
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nodules are generally smaller with white, green or brown interiors. The nodule

establishment occurs due to the sequence of multiple interactions.

Biological nitrogen fixation (BNF) coupled with photosynthesis are considered the
basis of all life on earth (Cheng, 2008). Biologically fixed nitrogen (ranging
between 200 to 300 kg N ha™!) has been obtained in association between rhizobium
and legumes (Mohammadi et al/, 2012). This has represented a vast amount of
renewable and promising source of nitrogen in agriculture (Werner and Newton,
2005). It contributes the highest quantity of nitrogen to the ecosystem (contributes
up to 20% of the annual total of fixed nitrogen by the biological systems (Quispel,

1974).

Some legumes have better nitrogen fixing potentials than others (Lindermann and
Glover, 2003). Soybeans fix more nitrogen than cowpeas, but produces higher
nitrogen depletion, because of the greater proportion of nitrogen removed with the
seeds (Muhammad et al/, 2010). In another study, Eaglesham (1981) using the
difference method estimated the N; fixed by four cowpea cultivars ranged from
49101 kg No-fixed ha™! per cycle. With 25 kg ha™! fertilizer starter nitrogen applied,
there was a positive soil nitrogen balance of 2-52 kg N ha!. Herridge (1982)
reported that a fully symbiotic crop will enrich the soil with nitrogen, while the
partly symbiotic crop may have no effect, and the non-symbiotic crop will reduce
soil N level. In the latter case, a subsequent non-legume crop may require
supplemental inorganic nitrogen. Ngwu (2005) reported that Desmodium had
higher nitrogen fixing potential than cowpea. Keston et al. (2012) reported that

groundnuts and pigeon pea were similar, but were both better than soybeans in
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terms of nitrogen fixation. Common beans have poor fixing ability (less than 57
kg per hectare) and so fix less than their nitrogen needs. Supplementary N (35-57
kg) was needed to obtain maximum yield per hectare of beans in New Mexico

(Robert and Idowu, 2015).

Intercropping of legumes together was reported to have beneficial effect on nitrogen
fixation when there is no shading. In a trial conducted by Keston ef al. (2012)
pigeon pea/groundnut mixed cropping gave more nitrogen compared to the sole
crops planted separately, but pigeon pea/soybean interaction lowered the amount of
nitrogen obtained compared to the sole crops planted separately. The bacteria
forming symbiotic association with legumes in biological nitrogen fixation can be
found living naturally in the soil or they have to be introduced artificially.

When introduced artificially this is referred to as inoculation (Silva and Uchida,

2000).

2.3.1 Factors affecting biological nitrogen fixation

Several factors may influence the amount of N> fixed. These factors can be grouped
into edaphic, climatic and biotic factors (Montanez, 2000; Liu et al., 2011). These
factors may affect the microsymbiont, the host plant or both. Whatever the case,
biological nitrogen fixation can be seriously impaired leading to reduction in yield.
Generally, for vigorous and the proper functioning of the host plant there is need
for all of the factors mentioned in the right form and time (Weisany et al., 2013).
Six main edaphic factors limiting biological nitrogen fixation are excessive soil
moisture, drought, soil acidity, P deficiency, excess mineral N, and deficiency of

Ca, Mo, Co and B. Drought conditions can reduce nitrogenase activity leading to
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decreased nodule weight. Exposing plants to moisture stress for ten days showed

the nodule cell wall degraded resulting in senescence (Ramos et al., 2003).

Phosphorus level control the growth and nitrogenase activity directly or indirectly

(Liu et al., 2011). P deficiency reduces nitrogen fixation by reducing nodule mass.
There is high demand for P in BNF because it requires a lot of energy in the form
of ATP (Ali et al., 2010). Enhanced grain yield of legumes due to phosphorus
application has been reported (Ahiabor ef al., 2014). The presence of excess amount
of nitrogen makes the bacteria ‘lazy’ or the nitrogen fixing process switched off
(Reed et al., 2011), but its low requirement as a starter dose in oil seeded legumes
and high-yielding varieties has been reported to boost growth and yield (Osborne
and Riedell, 2011; Achakzai, 2012). Khan ef al. (2014) reported that application of

Mo and Fe improves growth, yield and biological nitrogen fixation of chickpea.

For optimum nitrogen fixation to take place there must be availability of all
nutrients except nitrogen. Thus, the availability of sufficient nitrogen in the soil can
drastically reduce the amount of N fixed. It has been observed that when a plant
has a choice between applied nitrogen in the soil and symbiotic nitrogen fixation,
it tends to choose the former. This is why in the presence of high nitrogen in the
soil, legume nitrogen fixation is inhibited (Singh and Usha, 2003). Similar situation
arises when a legume is intercropped with cereal the former compete for the applied
nitrogen in the soil that was supposed for utilization by the cereal. Such competition

may limit the productivity of the cereal (Singh and Usha, 2003).

The two major climatic factors that greatly influences biological nitrogen fixation

are temperature and light (Mulongoy, 2015). The survival of inoculant bacteria
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under high temperature is usually low and thus higher number of inoculant bacteria
is needed at intense temperatures (Keyser and Li, 1992). Competition for light in
dense canopies in intercropped system may limit the use of light and subsequent
reduction in biological fixation (Montanez, 2000). The plant nitrogenase activity
reduces dramatically because of formation of ineffective nodules at high
temperature (Hungria and Franco, 1993).

Among biotic factors, the absence of the required rhizobia species constitute the
major constraint in the N> fixation process. The other limiting biotic factors could
be excessive defoliation of host plant, crop competition, and insects and nematodes
(Keyser and Li, 1992; Mulongoy, 2015).

Severe environmental conditions such as salinity, unfavourable soil pH, nutrient
deficiency, mineral toxicity, extreme temperature conditions, low or extremely high
levels of soil moisture, inadequate photosynthates and disease conditions can affect
plant growth and development. As a result, the persistent rhizobium strains will not
be able to perform root infection and N fixation in their full capacity (Zahran,
1999; Montanez, 2000). Under saline conditions, the accumulation of Na* reduces
the plant growth, nodule formation and symbiotic N> fixation capacity (Sousssi et
al., 1998; Kouas et al., 2010). Extreme soil pH can reduce the rhizobial colonization
in the legume rhizosphere. N> fixation has been reported to be inhibited by low soil
pH (Van Jaarsveld et al., 2002). The characteristics of highly acidic soils (pH < 4)
are low level of phosphorous, calcium and molybdenum along with aluminum and
manganese toxicity, which affect both plant and rhizobia. Low soil pH conditions,

severely affect nodulation and N> fixation more than plant growth. Highly alkaline
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(pH > 8 ) soils tend to be high in sodium (Na"), chloride (CI"), bicarbonate (HCO3)
and borate (BO3") which reduces N> fixation (Bordeleau and Prevost, 1994).

Deficiency of some nutrients has been reported to decrease N» fixation especially
sulphur (Islam ez al., 2012). Symbiotic N> fixation varies according to the carbon
allocation to the nodules in relation to endogenous factors, current photosynthesis,

crop growth rate and other competing sinks for carbon (Voisin ef al., 2003).

2.4 Measurement of N2 fixation

Biological nitrogen fixation (BNF) has gained a lot of attention as a major process
by which nitrogen is added to the ecosystem. More efforts are increasingly geared
towards improving the nitrogen fixed. However, one of the major setbacks is the
method used to estimate the amount of nitrogen fixed. With that, reliable
information can be obtained as to whether actual N fixation is adequate and
subsequently the most effective BNF can be established (Mulongoy, 2015). There
has been so far no single most effective method of determining absolute amount of
fixed nitrogen. Each method in use has its advantages and limitations, but a method
can be used based on the level of technological advancement of an area (Peoples et
al., 1989; Farooq and Azam, 2003). Because of wide variation on the reported data
for Nz fixed which has been due to the type of method used, a good methodology
should be adopted that can differentiate the soil N from the fixed nitrogen. Some

commonly used methods for estimating biological nitrogen fixed are as follows:

2.4.1 Estimation of dry matter
This i1s the easiest and simplest way of estimating BNF. It is based on the

assumptions that legumes meet up to 90% of their N requirements through BNF
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and the fact that biomass yield of crops is dependent on the N content; dry matter
accumulation by plants could be used as a measure to compare efficiency of N>
fixation (Farooq and Azam, 2003). The method can be used to screen large number
of rhizobial strains and different plant cultivars. The major limitation of this method
is that quantitative estimates of fixed N are difficult to obtain because of inherent
differences in the cultivars for exploiting the native soil N (Hardarson and Danso,

1993).

2.4.2 Nodule number and weight

Nodule number and weight has been found to be positively correlated with the
amount of N fixed (Hardarson and Danso, 1993). This can be used to assess the
efficiency of the BNF systems of different crops. The contribution of any legume
to any production systems lies in the formation of effective nodules, which supply
the needed nitrogen (Peoples et al., 1989). Effective nodulation can be gauged by
the degree of pink or red colouration of the nitrogen-fixing bacteroid tissue inside

the nodules (Peoples et al., 1989).

2.4.3 Total nitrogen difference method (TND)

The method relies on the assumptions that similar amount of native soil N are made
available to the plants irrespective of their genetic differences (whether they are
leguminous or non-leguminous). The Kjeldahl N analysis which is used to analyse
samples and the results given in % N, makes this method more time consuming.
However, it provides more information compared to the dry matter method on the

amount of N, fixed. The amount of N> fixed can thus be determined by using the

16



expression: N» fixed = N uptake by legume — N uptake by reference crop (Farooq

and Azam, 2003).

This means that the leguminous and non-leguminous plants will have equal access
to the soil available N or that mineralized under the influence of plants. This method
does not, however, account for the inherent differences in plant types in affecting
the mineralization and availability of N (Peoples et al., 1989). The differences
might be great as cereals are found to obtain higher amount of soil N as compared
to legumes. In addition, no consideration is given to the rooting characteristics and
hence the soil volume/depth being explored by for N acquisition. However, such
assumptions are difficult because it is a well-known fact N uptake by plants is
significantly affected by different plant types. The real advantage of this method is

that fertilizer application is not required (Hardarson and Danso, 1993).

2.4.4 Acetylene reduction assay

It is cheap, rapid, sensitive and accurate method of determination of N> fixed. It is
based on the activity of the nitrogenase, an enzyme that is involved in the reduction
of several compounds including N. Its ability to reduce acetylene (C2H>) to ethylene
(C2H4) is used in measuring the N fixed at any time (Unkovich et al., 2008). The
enzyme activity is monitored by frequent sampling of the air stream containing
small concentrations of ethylene passing over the nodules followed by
measurement of acetylene (Farooq and Azam, 2003). Detached nodules from the
plants are incubated with a known volume of acetylene in closed containers and the

ethylene released measured (Mulongoy, 2015). The limitation is that not all nodules

17



can be recovered from the plants, thus error may arise from those plant whose

nodule were not completely recovered. (Peoples et al., 1989).

2.4.5 Xylem-solute technique

The xylem-solute technique is used for legumes that transport most of their fixed
N in the form of ureides, allantoin and allantoic acid. Other legumes export fixed
N mainly as amides, asparagine and glutamine (Hardarson and Danso, 1993).
Nitrogen containing compounds originating from BNF are incorporated into via
glutamine synthesis and glutamine oxoglutarate aminotransferase pathway to
glutamine and glutamate. The compounds undergo Transamination to produce
aspartate and other amino acids. Some of the amino acids are incorporated into
purines, which are oxidatively degraded to yield ureides. These compounds are
chemically different from those obtained from soil N and are transported to the
aerial parts in the xylem sap. Samples of the sap obtained can be analyzed to give
an insight as how much the plant depends on BNF for N (Farooq and Azam, 2003).
Generally, actively functioning BNF system export amide or ureides from the roots
to the shoots, while those depending mainly on soil N have xylem sap rich in NO3
because of negligible NO; reductase activity at the root level. Relative
concentrations of the ureides and NO3; has been used as a rough estimate to
measure N> fixation ability of a legume (Unkovich et al., 2008). The method has
also been used to measure the tolerance level of NO3  of the BNF system, which is
important when legumes are grown with cereals and some chemical fertilizers are
applied. The major limitations of this method is the fact that minimum NO3;

reductase should occur at the root level. However, such conditions are hard to meet

18



because of genotypic differences in the level of nitrate reductase. Another limitation
is that it provides short-term results. If an estimate of seasonal fixation is required,

repeated measurements must be carried out with sequential sampling from the crop

(Peoples et al., 1989)

2.4.6 *N isotopic method

Most of the methods for measuring BNF, rarely distinguish between the different
sources of N; however, the isotopic method provides a more convenient way to do
that. This method employs the use of the stable N isotope ('°N). There are two stable
isotopes of N, the “N and !°N. The heavy isotope, '°N, occurs in the atmosphere at
constant abundance of 0.3663 atoms percentage (Peoples et al., 1989). The °N
isotope dilution method, like the difference method, requires a nonfixing control to
estimate the relative contribution of soil and fertilizer N. In this method, the fixing
crop and a non-fixing control are grown in soil to which >N has been added as a
small amount of labeled nitrate or ammonium. The N difference and '°N enrichment
techniques were reported to give comparable estimates (Loges et al., 2000). The
method provides a time-averaged estimate of the proportion of legume N derived
from nitrogen fixation. The major limitations of this method are the requirement of
high-level technology equipment, which may not be available especially in poor

countries and the high cost of °N labelled material (Peoples et al., 1989).

2.5 Inoculation
Inoculation is a process of introducing the desired commercial bacteria to the roots

of the desired leguminous plant to promote nitrogen fixation. This is achieved by
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applying the inoculum directly to the seeds prior to planting or through in-furrow
application (Bogino et al., 2011). Bacteria that nodulate legumes are currently
classified into 6 genera (Rhizobium, Bradyrhizobium, Mesorhizobium,
Azorhizobium and Allorhizobium (Loynachan, 2005). Rhizobia capable of
nodulating soybean belong to six species of the three genera: Bradyrhizobium,
Mesorhizobium and Sinorhizobium (Van Berkum and Eardly, 1998). Rhizobium
association is the most elaborate and efficient among the known biological systems
that fix atmospheric nitrogen (Moriones, 1983). Proper inoculation can supply as
much as 90% of crop requirement of nitrogen (Anonymous, 1998). However, if
legumes are not inoculated, yields often remain low, regardless of the amount of
nitrogen applied. Nodules apparently help the plant to use nitrogen fertilizer
efficiently. It is worthy to note that the rhizobia are specific to the legumes they

nodulate (Loynachan, 2005).

It is advisable to inoculate fields only when there is no specific rhizobia in the soil
to nodulate a legume, hence, the major objective of inoculation is to maintain a high
level of rhizobia on the seeds and the soil to hasten the colonization of rhizosphere
and subsequent efficient nodulation with maximum yields (Deaker et al/, 2004).
Therefore, inoculants should be recommended to a soil when there is good reason
to believe that population of bacteria is low. (a) When a newly cleared land is put
to production. (b) The legume to be cultivated has not been grown on the land for
the past four years or more. (c) When the pH is low and (d) When the levels of the
nitrogen in the soil is low (Albareda et al., 2009). Successful inoculation must be

achieved for the bacteria to come in contact with the seed and ultimately with the
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roots. In most cases, the in-furrow application is recommended more compared to
either the use of sticking agents onto the seeds or ordinarily mixed with the seeds,
because there less stress on the bacteria in most in-furrow applications (Bogino et

al., 2011).

Experiment conducted by Albareda ef al. (2009) showed that determined
parameters were significantly higher when soybean was inoculated compared to the
un-inoculated. In their experiment, varying the concentration of rhizobia strain did
not have significant effect on parameters and persistence of rhizobia strains
depended on the type of soil and soil conditions especially pH. Significant increase
in agronomic parameters were also recorded by Diaz et al. (2009) when soybean
were inoculated with rhizobia compared to the un-inoculated with grain quality not
affected in both cases. However, they observed that early season application of
nitrogen resulted in no benefit for soybean yield or quality. Inoculation of legumes
improved significantly the biological nitrogen fixation (Fabian, 2012), but
compatibility of the bacterial strain to the legume was also a factor to consider for
higher nitrogen fixation. Soybean- Bradyrhizobium symbiosis can fix as much as

300 kg N ha™! under optimum condition (Keyser and Li, 1992).

2.6 Inoculation and inorganic nitrogen application

There are periods in the growth of legumes when the nitrogen fixing ability is not
properly developed to meet the requirement of the nitrogen. Two critical points are
considered; at early stage before the development of nodules, before the formation
of symbiosis and at later stage during pod filling stage when most of the nodules

must have died. During these stages, the crop may suffer nitrogen deficiency except
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when there is sufficient nitrogen in the soil to meet the crop needs. At the two stages,
N demand of the crop could be met with application of nitrogen fertilizer (Albareda
et al., 2009). N fertilizer application at such periods of critical needs during early
stage of growth is a starter dose. Starter fertilizer is a small quantity of fertilizer
applied at planting or early growth stage to enhance the development of emerging

seedlings.

Eaglesham et al. (1982) observed that cowpea cultivars increased soil nitrogen at
low, but not at high, fertilizer inputs. In Africa and India, a starter dose of 10-15
kg/ha N were recommended for groundnut production until the symbiotic nitrogen
fixation activity starts. Based on those studies higher doses of nitrogen inhibits
nitrogen fixation (Vara Prasad et al., 2009). Many researchers reported positive
response of nitrogen by plants at the early stages of growth (Flannery, 1986;
Starling et al., 1998; Wesley et al., 1998; Osborne and Riedell, 2011). However,
reduced nodule formation was reported with rates beyond 56 kg ha! (Beard and
Hoover, 1971). Inoculation of soybean with Bradyrhizobium japonicum coupled
with different starter doses of phosphorus in an experiment by Bekere (2012) was
reported to significantly increase nodule number per plant, nodule volume, nodule
dry weight, shoot nitrogen content and plant height compared to the un-inoculated
and inoculated with no starter doses of phosphorus. Hence, they concluded that
starter doses of phosphorus coupled with inoculant improved measured parameters.
Organic manure with rhizobium coupled with starter dose of nitrogen significantly

increased growth and yield of groundnut (Sulfab ez al., 2011).
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2.7 Legume residual nitrogen

Crop residues contain large amounts of assimilated carbon (C) and other nutrients
such as nitrogen, phosphorus and potassium. Hence, there is a tendency of crop
residue application to soils to trigger favourable cycling of these nutrients with
sequestration of carbon (Zhang et al., 2008). Quality of crop residue is measured
by the concentration of the nitrogen in relation to carbon, which allow faster
decomposition (Schomberg et al., 1994). Incorporation of legume residues, which
proportionately have more nitrogen and decompose faster to meet the nitrogen
demand of the cereal crops, may represent a valuable input of organic nitrogen

supply (Peoples and Craswell, 1992).

Management of nitrogen in cereal crops is a major way of success in sustaining
productivity in nitrogen limiting soils (McDonald, 1989). Because it is required in
very large quantities to produce economic yields thus, continued production means
continued soil depletion. Generally, nitrogen can be supplied directly to the soils by
chemical means through application of inorganic fertilizer, organic manure, or by
residue management. Inorganic application is a quite bit easier, but the persistent
high cost coupled with low per capita income in the African farming system seems
to darken future dependence on sustainable agriculture. Organic forms such as
farmyard manure seems bulky and cannot be transported over long distances (Bakht
et al., 2009). The only readily available resources may be crop residues (Bakht et
al., 2009). The use of legume residues is a low cost approach to improving soil
fertility but the major setback may be the residue type and quality (Mwangi et al.,

2013).
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Residual nitrogen contributions to subsequent crop can be in several ways.
Research has shown that the amount of nitrogen returned to the soil during or after
a legume crop, helps to improve the fertility of the soil, by improving the soil
conditions or by adding more nitrogen (Egbe and Ali, 2010). It is also believed that
some legumes excrete some of the nitrogen fixed into the soil through
rhizodeposition during the growth of the crop, but present evidence suggests that
the amounts released under field conditions are small. Nitrogen rhizodeposition of
grain legumes though small, may represents a significant pool in crop rotations
(Mayer, 2003). The percentage of N rhizodeposition according to Mayer (2003)
relative to total plant N constituted between 12% and 16%, relative to residual N of
35% — 44% and about 80% of below ground plant N. Based on field data, N
rhizodeposition contributes between 6 and 68 kg N ha'! and results in more positive
N balances for grain legumes (Mayer, 2003). N rhizodeposition could be a key to

understand the positive crop rotation effects.

Preceding crops of green gram and black gram reduced the nitrogen requirement of
a succeeding wheat crop by 30-60 kg N ha™! compared with a reduction of 30 kg
ha'! after pigeon pea or soybean (Narwal et al., 1983). Incorporating some legume
species in to the soil even after one or two years of growth considerably reduce the
amount of N fertilizer required by a cereal crop (Hayat ef al., 2008). Results from
the above studies indicated that yields of cereals following legumes increased but
the increase depended on the proportion of nitrogen retained in the non-harvest

residues and their rate of mineralization.
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Adding residues to the soil has long been known to improve soil fertility. In an
experiment by Bakht et al. (2009), legume residues produced higher grain and straw
yields of wheat compared to direct application of inorganic nitrogen. Adeleke and

Haruna (2012) observed increased total nitrogen in the top soil after cropping of
legumes. Subsequent residual nitrogen after that produced significantly better
yields of maize when supplemented with lower rates of nitrogen as compared to
maize following maize. Other researchers including Adjei-Nsiah et al. (2008)

observed similar trends of increased soil fertility after legumes.

Incorporation of crop residue was observed to have made significant contribution
to succeeding cereal crops (Bharambe ef al., 2002). Mbah and Nneji (2011) showed
that addition of residues improves both the chemical and physical properties of the
soil and resulted in higher yields of maize. The main residual effect of a legume
will depend on the proportion of nitrogen retained in the non-harvested residues
and their rate of mineralization. Mughogho et al. (1982) observed that yield of
subsequent maize crops was increased by the incorporation of cowpea residues that
made available to the corn crop the equivalent of 40-80 kg of fertilizer N ha™’.
Research conducted by Hayat er al. (2008), showed legume-cereal sequence
improved biomass and grain yields. Sakala et al. (2000) showed that application
of green manures increased maize grain yield when used as sole green manures or
in combination with inorganic fertilizers compared to sole maize following another
sole maize. Other workers including Okito et al. (2004), Tanimu et al. (2007),
Bonsu and Asibuo (2013) have reported significant contributions of legume

residues to succeeding cereal yields. Addition of legume residues gave comparable
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grain yield of maize with the recommended inorganic fertilizer recommendations
(Nyalemegbe and Osakpa, 2012). Significant tuber yield increase was also reported
when cassava was intercropped with soybeans at later stages of their growth (from
8 months after planting) indicating that yield increases were as a result of

biologically fixed nitrogen from the soybeans compared to when sole cassava was

planted (Umeh and Mbah, 2010).

2.8 Residue management

Effective residue management with efficient tillage operation is a way towards
improving soil health and reducing carbon dioxide emission thus improving carbon
sequestration. The retention of even small amounts of surface residues can conserve
soil organic matter and nutrients, decrease water runoff and increase infiltration,
decrease evaporation, and control weeds. Residue retention increased on average
measured parameters (grain yield by 1.31times, straw yield by 1.39 and N uptake
of 1.31 and 1.64 times in grain and straw respectively) of wheat (Bakht ez al., 2009).
Physico-chemical properties of soil were observed to increase in a no-tillage system
compared to conventional tillage (Roldan et al., 2003). Al-Kaisi and Yin (2005)
showed that adopting less intensive tillage such as no-till and better crop residue
cover increases carbon storage. In a study conducted by Olaoye (2002), reduced
tillage (no-tillage and disc harrowing) was observed to improve agronomic
performance of cowpea (grain yield and number of pods) compared to maximum
tillage (mouldboard ploughing followed by disc harrowing, disc ploughing
followed by disc harrowing and disc ploughing followed by two pass of disc

harrowing).
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Retaining residue in a no-till system has also been reported to show great benefits
on measured parameters (Malhi et al., 2006). Surface application of residues in a
no-till system created a more favourable soil moisture and temperature ranges
compared to incorporation of the residues into the soil or burning (Al-Kaisi and
Yin, 2005; Malhi et al., 2006). Other researchers have reported that residues
retained on the surface maintains soil nutrients such as phosphorus and potassium,
hence can be effective in sustaining crop productivity in the long run (Adama et al.,
2000). Surface application of residues has been more efficient because tilling is
generally not necessary to incorporate the nitrogen into the soil because of its

leaching ability (Anonymous, 2015).

2.9 Decomposition and mineralization of crop residues

Decomposition is a sequence of biological, chemical and physical processes leading
to the mineralization of plant constituents. In photosynthetic process light, water,
carbon dioxide and nutrients are used in life forming processes, when the life comes
to an end the enclosed nutrients are made available to the next life through
decomposition for subsequent uptake by the plants, in yet another cycle of life
forming process (Frank, 2010). The dominant pathway for nutrient return to the soil
begins with senescence of plant tissue leading to decay which begins through
autolysis and subsequently by the activity of saprophytic organisms and terminates
with the production of carbon dioxide, water and simple mineral salts. Nutrients
especially nitrogen (N) and phosphorus (P) are again made available to growing
plants (Rosenani et al., 2003). Since they are the most limiting nutrients in crop

production, decomposition of residues is seen as one of the most prominent means
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of adding these nutrients to the soil. Hence, decomposition is one of the basic
processes in the recycling of nutrients in nature. Crop residue decomposition is
carried out by a community of microorganisms such as bacteria and fungi in the
soil (Majumder et al., 2008). The residues are decomposed to release the nutrients
in them into the soil in a process of mineralization. The mineralized nutrients may
be converted to organic nutrients, in which case the nutrients are immobilized. The
two processes of mineralization and immobilization occur simultaneously in soil.
The overall strength of the two processes determines whether there is net

mineralization or net immobilization (Cabrera ef al., 2005).

The rate at which plant residue decompose and mineralize depends on many factors:
chemical and physical characteristics of the residue, soil water, soil temperature,
soil nutrient status, soil microbial biomass, soil aeration and drying and rewetting
events (Cabrera ef al., 2005). Maximum decomposition occurs in soils which are
near wet to field capacity of about 55% water filled pore space, excess moisture
decrease the activities of the microorganisms because of decrease in the availability
of oxygen. At about 40% water, filled pore space decomposition tend to slow, while
dry soils do not support any activity of the microorganisms. Decomposition
proceeds slowly at low temperatures, while at higher temperature it may eventually
stop. Essentially no decomposition occur at freezing point and temperatures above
41 ° C. The composition of organic residues strongly affects it decomposability,
residues that are low in nitrogen but high in fibre are very slow to decompose while
those with high nitrogen and low in fibre are fast to decompose. These occur even

under optimum conditions. In other words, C: N ratio play a significant role in the
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decomposability of plant residues. Crop residue with low C: N ratio are more easily
decomposable. This is an indication of the number of microorganisms the residues
can support (Cabrera et al., 2005). The ability of a soil to decompose crop residues
is also an indicator of the health status of the soil that is, the more microorganisms
present in the soil the more readiness of the decomposition while all other factors
are not limiting (Frank, 2010). The quantity of biomass produced by a legume is
not necessarily an indication of its effectiveness in improving soil fertility. The
quality of residues depend on the nutrients released upon their decomposition
(Mwangi et al., 2013). These in turn depend on nutrient concentration in the
residues. Consequently residue quality, decomposition and mineralization rate need

to be evaluated (Mwangi et al., 2013).

2.10 Distribution and importance of legumes

Legumes are plants in the family Leguminosae (or Fabaceae). They are the third
largest family of angiosperms after Orchidaceae and Asteraceae, and second only
to Poaceae (grasses) in terms of agricultural and economic importance (Lewis et
al., 2005). They are a group of plants which were first to be domesticated, because
they are cosmopolitan. They have proved to be adaptive to all soil types and
varieties are found in almost all inhabited continents of the world (Prado, 2000).
They are grown agriculturally, primarily for their seeds, for livestock forage and
silage, and as soil-enhancing green manure. They are notable in that most of them
have symbiotic nitrogen-fixing bacteria in structures called root nodules.
Wellknown legumes include alfalfa, clover, peas, beans, lentils, lupines, mesquite,

carob, soybeans, peanuts and tamarind. In fact, they contain a far more number of
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useful members even among the larger families of Asteraceae and Orchidaceae
(Saslis-Lagoudakis et al., 2011). Some of their most important features are

discussed below:

2.10.1 Nitrogen fixation

Many legumes contain symbiotic bacteria called Rhizobia in the root nodules of
their root systems (Plants belonging to the genus Styphnolobium are one exception
to this rule). These bacteria have the special ability of fixing nitrogen from
atmospheric nitrogen (N2) into ammonia (NH3). The chemical reaction is

represented as follows: N +8H" +8% — 2NH;3 +Ho.

Ammonia is then converted to another form, ammonium (NH4"), usable by some

plants by the following reaction: NH3 + H" — NH4". This arrangement means that
the root nodules are sources of nitrogen for legumes, making them relatively rich
in plant proteins (Mulongoy, 2015). All proteins contain nitrogenous amino acids.
Nitrogen is therefore a necessary ingredient in the production of proteins. Hence,
legumes are among the best sources of plant protein. This important role of fixation
of atmospheric nitrogen (N>) is a result of two dependent or consequential roles of
legumes that is the ability to increase soil fertility and high levels of protein in the
herbage and hence its high forage or mulching quality. In addition to their major
potential in fixing atmospheric nitrogen to the soil, legumes help in solubilizing
insoluble P in the soil, improve soil physical environment, increase soil microbial

activity, smother weeds and restores organic matter (Ghosh et al., 2007).
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Nitrogen fixed by legumes is passed to the soil from the top growth through litter
fall or the above-ground parts left in the field. For example following harvest of
some of the seeds the remaining may be incorporated into the soil. Amino acids
inside these remaining plant parts is released back into the soil. In the soil, the
amino acids are converted to nitrate (NO3"), making the nitrogen available to
succeeding plants, thereby serving as nutrient source for future crops. Nitrogen can
also be returned back to the soil through deposition of excretory materials from

herbivores as farmyard manure.

The ability to fix atmospheric nitrogen makes legumes good components within the
various farming systems because they provide residual nitrogen and reduce the need
for mineral nitrogen fertilizers by associated non-legumes. Intensification of
lowinput agricultural production has led to a rapid increase in soil degradation and
nutrient depletion in many parts of sub-Saharan Africa, constituting serious threats
to food production and food security (Sanginga ef al., 2001). Nitrogen depletion in
maize-based systems in some farmers’ fields in West African savanna is estimated
to be 36-80 kg N ha'! per year (Sanginga et al., 2001) and it has been obvious since
the mid-1990s that fertilizer use is necessary if sustainable agricultural production
in smallholder farms is to be raised to levels that can sustain the growing

population.

Assuming that only seeds are harvested, net soil nitrogen accrual from the
incorporation of grain legume residue can be as much as 140 kg N ha™! depending
on the legume variety (Giller, 2001). This N tends to be released quickly when

legume residues are incorporated into the soil and can contribute to substantial
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improvements in yield of subsequent crops. This is higher than the 50 kg nutrient
ha'! fertilizer use across sub-Saharan Africa recommended by African Heads of
States at the Fertilizer Summit held in 2006 in Abuja, Nigeria (IFDC, 2007).
2.10.2 Industrial uses

Legume seeds have become an industrial basic material with a wide range of
nonfood uses (Schuster-gajzago, 2015). Legumes have been used to produce
biodegradable plastics, oils, gums, dyes and inks. They have also been used in
traditional medicines. Isoflavones obtained from soybeans have been reported to
reduce the risk of cancer. Soybeans and Soy food phytoestrogens have been
suggested as possible alternatives to hormone replacement therapy for
postmenopausal women. Biodiesel fuel is also produced using soybeans (Graham

and Vance, 2003).

2.10.3 Nutritional benefits

Protein calorie malnutrition (PCM) is a major problem in the third world countries
(Igbal et al., 2006) because conventional sources of protein (milk, meat and eggs)
is beyond the purchasing power of majority of the population. An alternative source
may be plant proteins from legumes. Legumes have been known to b