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ABSTRACT

Most farmers in Semi-arid Niger preferably apply composted millet straw to crop
fields to enhance fertility status of their soils due to the escalating prices of mineral
fertilizers. As a result of the competitive use of the straw, micro-dosing of millet
glume compost is emerging as an alternative technology to enhance soil health.
However, there is no systematic research on its impact on soil fertility indicators and
crop yield. This study therefore aimed to bridge this gap in knowledge by providing
relevant data / information on crop and soil response to micro-dose application of the
millet glume compost (MGC) within the framework of integrated nutrient
management. A field experiment was conducted in 2013 at N’dounga / Regional
Centre for Agricultural Research of Niger (INRAN / CERRA / Kollo). The
experiment consisted of the following treatments: 88 g urea + 500 g SSP (MF), 150 g
MGC (C 150 g), 150 g MGC + 88 g urea + 500 g SSP (C 150 g + MF) 300 g MGC
only (C 300 g), 300 g MGC + 88 g urea + 500 g SSP (C 300 g + MF) and a control
(no amendment). The treatments were replicated three times in a randomized
complete block design. The results indicated variations in microbial biomass C, N
and P as well as NO3 -N and NH;" -N over the sampling periods of the study. For
example, microbial biomass C and N observed at 12 weeks after sowing (WAS)
under the amendments were generally higher than values recorded at 4 WAS.
Biomass C and N were significantly higher (P > 0.05) under the C 300 g + MF
amendment than all other amended plots and the control. Biomass P values were low
under all amendments at both periods of sampling (4 and 12 WAS). Biomass C
showed significant correlation (P < 0.05) with NO3™ (r = 0.74) and organic carbon (r
= 0.90) whilst biomass N correlated significantly (P < 0.05) with NO3™ -N (r = 0.72)

and with total N (r = 0.75). Nitrate-nitrogen levels in the soil increased markedly



from 8 WAS to 12 WAS indicating the occurrence of Birch effect. Comparatively,
the levels of NOs™ were generally higher than that of NH," at all sampling periods.
This has implications for nitrogen loss from the soil system as nitrogen in the form of
NOs™ is subject to more leaching than NH;" -N. Sole application of millet glume
compost or in combination with mineral fertilizer led to increase in organic C and
total N contents of the soil. Millet grain yield obtained under the sole or combined
applications of MGC and mineral fertilizers were low due to erractic rainfall patterns.
This notwithstanding, C 300 g + MF produced more grain yield than all the
amendments. Crop harvest index ranged from 33.42 — 42.7% under the soil
amendments. The study indicated that micro-dose rate of 300 g millet glume compost
+ 88 g urea + 500 g SSP (i.e. 3t/ha compost + 15 N kg/ha + 13 P kg/ha) is potentially

ideal for crop growth and soil fertility improvement in Semi-arid Niger.
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CHAPTER ONE
1.0 INTRODUCTION

Lack of moisture limits crop production in Semi-arid West Africa but poor soil
fertility is a more serious constraint in the long run (Bationo and Mokwunye, 1991a).
In the West African Semi-arid tropics (WASAT), continuous cultivation leads to
drastically reduced levels of soil organic matter. Such reductions in the level of soil
organic matter have resulted in decreased soil productivity (Bationo and Mokwunye,
1991b). Due to increased population pressure, farmers increasingly rely on
agricultural soil, which they have learnt to rehabilitate with different technologies
(Fatondji et al., 2006) such as addition of mineral fertilizer and organic materials
which have beneficial effects on the soils' chemical and physical properties (Bationo

and Mokwunye, 1991b).

Millet is a fundamental cereal for many rural populations in Semi-arid zone of
Africa. It is the sixth most consumed cereal in the world and an important food crop
for food security in Niger (Idrissa, 2010). Trials conducted by researchers showed
that millet yields can be increased by more than 250% by the use of fertilizers
(Bationo and Mokwunye, 1991a). In the West African Sahel, farmers use crop
residues and manure to reclaim degraded croplands. According to Addam et al.
(2010), there was an increase of 26 — 71% in millet biomass with application of
transported manure, chemical fertilizer or both compared to the non-application.
They also reported that inorganic fertilizer appears to be the best means of restoring
the nutrient imbalance, increasing crop yields and raising rural income. However,

most rural farmers cannot afford the cost of mineral fertilizers. Researchers have



therefore, proposed targeted application of organic amendments by the use of micro-

dosing (Fatond;i et al., 2006).

Though some farmers in Niger have started using millet glumes compost (MGC)
instead of composted millet straw for soil fertility management through microdosing,
no systematic research has been done on the former. The use of millet glumes
compost in crop production is an emerging practice in Niger and is yet to receive the

needed research attention.

Nitrogen is the nutrient that is most frequently limiting to crop production and the
nutrient applied in the greatest amounts (Campbell et al., 1986). Given the
widespread prevalence of nutrient stresses worldwide, a thorough understanding of
acquisition, mineralization and dynamics of nutrients under varying cropping
systems is essential (Ariharia, 2000). In an attempt to curtail the declining nitrogen
contents of soils, many studies have focused on fates of nitrogen inputs during one or
more growing seasons and many chemical and biological assays have been
developed to predict nitrogen availability to crops (Bundy and Meisinger, 1994).
However in sub-Sahara Africa, there is dearth of published information on the
dynamics of mineral nitrogen under different (organic and inorganic) amendments on
the field. Most studies focused on nitrogen mineralization under laboratory
conditions, results of which may be of limited importance under field conditions

(Logah et al., 2011).

Soil microorganisms play an integral function in the cycling of nutrients within
terrestrial ecosystems (Holmes and Zak, 1994). Verhoef and Brussaard (1990)
reported that soil microorganisms can enhance decomposition and nutrient release,

and hence ameliorate soil properties. There is virtually no research on the impact of


http://www.researchgate.net/researcher/54141462_D_Fatondji/

MGC on soil microbial biomass and mineral -N (NO3-N and NH;"-N) dynamics in
Semi-arid Niger. This study aims to bridge this gap in knowledge by providing
relevant information on the subject. Research on the dynamics of mineral -N and
microbial biomass under MGC will help in sustainable soil fertility management and

eventually increase productivity of cropping systems.

Working on the hypothesis that micro-dosing of millet glume compost and mineral
fertilizer (N and P) application will significantly influence mineral -N and microbial
biomass under millet cropping systems in semi-arid Niger, the objectives of this
study were to:
i. evaluate the effect of millet glumes compost and mineral fertilizers on NH,*-
N and NOj3-N dynamics under millet cropping system.
ii.  evaluate microbial biomass C, N and P under different application rates of the
compost and mineral fertilizers under millet cropping system.
iii.  examine the short-term impact of the applied compost on soil organic carbon

and total nitrogen.



CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 Soil nitrogen

Nitrogen in the air (78%) is the ultimate source of all soil nitrogen. It may enter the
soil through rainfall, plant residues, nitrogen fixation by soil organisms, animal
manures and commercial fertilizers and may be lost through plant removal,

volatilization, leaching or erosion (Barbarick, 2014).

2.1.1 Forms of nitrogen in the soil

Nitrogen exists in a number of chemical forms and undergoes chemical and
biological reactions (Barbarick, 2014). These include organic nitrogen, urea nitrogen,

ammonium and nitrate nitrogen, etc.

2.1.1.1 Organic nitrogen

It comprises over 95% of the nitrogen found in soil (Barbarick, 2014). It originates
from the soil organic matter from crop residues and animal dung. This form of
nitrogen cannot be used by plants but is gradually transformed by soil

microorganisms to ammonium (Barbarick, 2014).

2.1.1.2 Urea nitrogen

It is a form that the soil does not hold. It results from hydrolysis of NH,"
(ammonium), a transformation that is accompanied by great losses through

volatilization up to 40% (Barbarick, 2014).



2.1.1.3 Ammoniacal or ammonium-nitrogen

It results from the combination of nitrogen (N) and hydrogen (H). Due to its positive
charge, NH4" binds to the clay-humus soil complex which limits the risk of in-depth
leaching. Microbial activity transforms ammonium to nitrate - nitrogen in a warm

and well-drained soil (Barbarick, 2014).

2.1.1.4 Nitric or nitrate-nitrogen

It is naturally formed by the combination of nitrogen (N) and oxygen (O). Nitrate-
nitrogen (NOg) is the principal form of nitrogen used and most available to plants. It
is not attracted to soil clay and so leaches easily. Microorganisms in poorly aerated
soil can use the oxygen from nitrate in place of that in the air and convert it to

nitrogen gases (Barbarick, 2014).

2.1.2 Mineralization of nitrogen

Mineralization refers to the net release of mineral nitrogen with the decay of organic
matter. In the soil, nitrogen can undergo a number of transformations (Barbarick,
2014). Net N mineralization is the outcome of two concurrent but opposite directed
processes: gross N mineralization and gross N immobilization. The transformations
of organic and mineral nitrogen through the mineralization and the immobilization
processes are therefore the main driver of carbon and nitrogen change in soils (Mike
etal., 1994).

The greater part of nitrogen in the soil is present in organic forms that are unavailable
for plant uptake. This nitrogen becomes available to plants through mineralization.
According to Deenik (2006), the organic nitrogen contained in soil (organic matter)
is converted into plant usuable inorganic forms (ammonium and rapidly converted to

nitrate) as a result of microbial activity. At the same time, nitrogen is removed again



by soil microorganisms (immobilization) and losses may occur in the atmosphere

(denitrification) or by leaching (Verhallen and LeBoeuf, 2006).

Lrganicnitrogen
[ O |
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Vil ogen 2as (N,
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Figure 2.1. Nitrogen dynamics in the soil. (Source: Carol, 2007)

2.1.2.1 Factors affecting nitrogen mineralization

Among the factors controlling net N mineralization are organic compositions of the
amendment and soil environment (Seneviratne et al., 1998). Chemical composition
can, to a certain degree, be controlled to increase the synchronization of nitrogen
release with plant N demand, whereas climatic factors cannot be controlled and so
must be taken into account when planning management measures (Dahlin et al.,

2005).

Work done by Deenik (2006) showed that soil temperature and moisture content
have a strong effect on nitrogen mineralization reactions. Maximum nitrogen
mineralization occurs when the soil temperature reaches 30-35 °C. In dry soils, N
mineralization is low because soil microbial activity is limited by water availability.
In saturated soils, lack of oxygen limits N mineralization because only soil

microorganisms that can survive under anaerobic conditions are active (Deenik,



2006). MacDonald et al. (1995) found that accumulation of mineralized N increased

with increasing temperature.

Soil texture has been reported to influence nitrogen mineralization (Franzluebbers et
al., 1996). The amount and type of clay in a soil affects N mineralization reactions.
Soils dominated by clay minerals that shrink and swell with fluctuations in soil
moisture tend to have higher N mineralization rates than those containing clays that
do not shrink and swell (Deenik, 2006). Mineralizable carbon and nitrogen ratio

decreases with increasing clay content (Franzluebbers et al., 1996).

According to Breland and Hansen (1996), soil compaction reduces the proportion of
large pore spaces and increases the relative proportion of small pore spaces. They
indicated that nitrogen mineralization was negatively correlated with small soil
pores. Medium size pores allow microbes’ access to organic matter and retain water
under dryer conditions (Strong et al., 1999). Thus, medium size pores are the most
important to mineralization and their loss under soil compaction is most serious

(Strong et al., 1999).

Decomposition and subsequent release of N from an amendment is dependent on its
quality or chemical composition (Heal et al., 1997). The relative amounts of C to N
in the organic matter exert a considerable influence on the available N status of the
soil. Kirchmann et al. (2002) reported that straw residues frequently have a wide C/N

ratio and when incorporated into the soil can bind quite large amounts of nitrate.

2.2 Functions of nitrogen in plants growth

Nitrogen is a vitally important plant nutrient (Adediran and Banjoko, 1995; Shanti et

al., 1997). In crop production it is a major yield-determining factor and its



availability in sufficient quantity throughout the growing season is essential for

optimum crop growth (Kogbe and Adediran, 2003).

In plant nutrition, nitrogen is involved in the composition of chlorophyll and protein.
It stimulates the growth and development of all tissues and improves the quality of
leafy vegetables, forages, and the protein content of cereals (Mills and Jones, 1996).
An adequate supply of N is associated with vigorous vegetative growth and a dark
green colour. An imbalance of N or its excess in relation to other nutrients such as P,
K, and S can prolong the growing period, delay crop maturity and increase sensitivity
to diseases especially in case of lack of potassium and phosphorus (Marti and Mills,
1991). Nitrogen deficiency causes stunting and yellowing of plants. This yellowing
or chlorosis, usually appears first on the lower leaves; the upper leaves remaining
green. In cases of severe N shortage, the leaves will turn brown and die (Mills and

Jones, 1996).

2.3 The role of other essential nutrients (phosphorus and potassium) in plant

nutrition
2.3.1 Phosphorus

Phosphorus (P) is the most important nutrient element (after nitrogen) limiting crop
production in most regions of the world (Holford, 1997; Kogbe and Adediran, 2003).
Internally, most crops need 0.2 to 0.5% P in the dry matter for normal growth
(Gabriel, 2010). Phosphorus is involved in protein formation. It improves earliness

and plant fertility and stimulates root growth.

Plants extract P exclusively from the soil solution in either H,PO, or HPO,* form. It
is estimated that much as 90% of added fertilizer phosphorus is fixed in soils (Potash

and Phosphate Institute, 2003). Generally, phosphorus in all its natural forms,



including organic forms is very stable or insoluble and only a small proportion exists
in the soil solution at any one time (Holford, 1997). Soil phosphorus fixation is

minimized when soil pH is maintained between 6 and 7.

Phosphorus-deficient plants are stunted with a limited root system and thin stems. In
many plants, seedlings look stunted and older leaves may turn purple and grain yield
often severely reduced (Jones et al., 2003). Phosphorus deficiency also causes green-
dark blue color starting with the older leaves and delayed maturity or infertility

(Sagna and Marchal, 1992).

2.3.2 Potassium
Potassium (K) is needed in large quantities by many crops (Hue, 1995). In soils,

potassium is quite mobile as compared to phosphorus. It exists as K+ in soil solution
and is absorbed by roots in that form. It is involved in water uptake from the soil, and
its retention in the plant tissue and long distance transport of water (Marschner,
1995). If K is not taken up by plants, it may be lost through leaching (Bergmann,
1992; Perrenoud, 1993; Singh and Trehan, 1998). One way to reduce K leaching is to

add organic matter such as compost to the soil.

Potassium has a catalytic effect in the physiological functions of the plant. It
promotes the synthesis of carbohydrates and their accumulation in storage organs
(tubers, root, etc.). It promotes resistance to drought, disease and lodging. Potassium
increases grain size and improves the quality of fruits and vegetables (Bergmann,
1992). K-deficient plants show low resistance to diseases and their seeds and fruits
are small and shriveled (Martin-Prevel, 1989; Perrenoud, 1993). The most visual K

deficiency symptom is the scorching or firing along leaf tips and margins



(Bergmann, 1992; Perrenoud, 1993; Singh and Trehan, 1998). Potassium deficiency

also causes sensitivity to lodging and chlorosis (Sagna and Marchal, 1992).

2.4 Nutrient depletion and replenishment under cropping systems

As populations grow, soil-nutrient capital is gradually depleted when farmers are
unable to sufficiently compensate losses by returning nutrients to the soil via crop
residues, manures and mineral fertilizers (Gabriel, 2010). Increasing pressures on
agricultural lands result in much higher nutrient outflows and the subsequent
breakdown of many soil fertility maintenance strategies (Sanders et al., 1996).

Several decades of nutrient depletion have transformed originally fertile lands that
-1
yielded about 2 to 4 t ha of cereal grain into infertile ones where cereal crops yield

-1
lessthan 1 tha (Roland et al., 1997)

The bulk of the food in Africa is produced on smallholder farms (Cleaver and
Schreiber, 1994; Gladwin et al., 1997). One of the major problems affecting food
production in Africa is the rapid depletion of nutrients in smallholder farms (Badiane
and Delgado, 1995). This is because the smallholder farmer is poorly resourced and
unable to invest in soil fertility inputs, particularly mineral fertilizers (Gabriel, 2010).
The major effect of soil fertility decline is the observed reduced food production in
most African countries (Gabriel, 2010). In order to sustain soil and crop productivity,
it is necessary to explore alternative soil fertility replenishment strategies, which are
effective and affordable to farmers, especially the smallholder farmer (Gabriel,

2010).

The major pathways of soil fertility depletion on farmlands include loss of nutrients
through erosion, leaching, volatilization, crop uptake and harvest without the

complementary replenishment (Gabriel, 2010). Soil nutrient replenishment is
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therefore a prerequisite for halting soil fertility decline (Munyabarenzi et al., 2012).
This may be accomplished through the application of mineral and organic fertilizers
(Munyabarenzi et al., 2012). In Niger, the most deficient nutrients in soils are
nitrogen and phosphorus. Nitrogen inputs at the field scale mainly come from
inorganic fertilizers, biological nitrogen fixation (BNF), animal manures or composts
produced and nitrate capture from subsoil depths beyond the reach of crop roots

(Gabriel, 2010).

Inorganic fertilizers do not contain C sources, and therefore much of the fertilizer N
not used by crops is subject to leaching and denitrification losses (Sanchez, 1997).
Organic additions therefore apparently provide the C necessary to reduce the
depletion of N in fertile soils (Sanchez, 1997). Soil microorganisms need a C
substrate for growth and energy. They utilize the N from organic inputs. The joint
organic-inorganic N replenishment strategy provides both N and C inputs that

gradually increase soil N and C stocks (Buol and Stokes, 1997).

Phosphorus replenishment is usually accompanied by nitrogen replenishment
because most P-deficient soils are also deficient in N (Sanchez, 1997). Potassium
deficiencies do occur in specific circumstances, but not to the same extent as N and P
deficiencies (Gabriel, 2010). Soil productivity can be sustained through integrating
mineral fertilizers application with organic inputs (manure, composts and plant
residues) and this is the most effective means of replenishing soil nutrients (Gabriel,

2010).
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2.5 Soil fertility management options
2.5.1 The use of mineral fertilizers

Mineral fertilizer is a major entry point to increase yields. Throughout Africa,
however, sufficient mineral fertilizers are not available at the right time during the
year. Fertilizer shortage is mainly attributable to the high transaction costs (Quinones
et al., 1997). Moreover, the little fertilizer available is often not the correct type
required for various crops, and farmers are unfamiliar with its correct usage
(Sanginga and Woomer, 2009). Fertilizer adulteration is not uncommon in several
African countries, and discourages fertilizer investment by farmers (Sanginga and
Woomer, 2009). In Africa, the average fertilizer recommendation rate is around 50
kg/ha. In most cases however, the farmers using the inorganic inputs hardly use the

recommended rates with most of them applying less than 20 kg N/ha (Adiel, 2004).

2.5.2 The use of organic fertilizers

Organic inputs are often proposed as alternatives to mineral fertilizer. Organic

fertilizers provide nutrients to plants and add organic matter to the soil.

The main sources of organic fertilizers are crop residues (millet, sorghum and maize
straw, groundnut haulm) as well as other plant residues, green manure (fallow
vegetation), animal manure (from cattle, sheep or goat) and other organic residues,
composted or noncomposted (Fatondji, 2002; Fatondji et al., 2009). In the Sahelian
zone of West Africa, where farmers use very little or no inorganic fertilizers because
of their high cost (Mclnter, 1986), organic fertilizers constitute the principal source
of nutrients for sustainable agriculture. Farmers in Niger use crop residues as an
integral component of soil fertility management practices. The availability of organic

resources as nutrients sources is limited by their alternative uses as fuel, feed and
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fiber (Sanchez et al., 1997). Composting is a practical means of bulking organic

resources for concentrating their nutrients for plant use.

2.5.3 The combined use of mineral fertilizer and organic materials

Donovan and Casey (1998) reported that combination of mineral fertilizers with
organic nutrient sources can be considered as better options for increasing fertilizer
use efficiency as a result of improved synchronization of nutrient release and uptake
by the crops (Palm et al., 1997). Whereas fertilizers release their nutrients rather
rapidly, manure and crop residue act as slow-release fertilizers (Pierre et al., 2008).
A judicious combination of organic and mineral sources of nutrients is therefore
promoted as it addresses both the problem of insufficient fertilizer supply and the
large amounts of organic material required for nutrients supply (Pieri, 1989; Palm et
al., 1997; Bationo and Buerkert, 2001). Efficient use of both organic and inorganic
fertilizers is required to optimize crop yield to meet the food needs of a growing
population and minimize soil degradation (Pieri, 1989; Palm et al., 1997; Bationo

and Buerkert, 2001).

It is important to combine organic and mineral sources of nutrients to obtain the full
advantage of both sources (Giller, 2002). Combining mineral fertilizer and organic
inputs can substantially improve the agronomic efficiency of the nutrient use
compared to the same amount of nutrients applied through either source alone

(Vanlauwe et al., 2001).

2.5.4 Fertilizer micro-dosing

Micro-dose fertilization technology aims at applying small amounts of inorganic

fertilizers in planting pits to increase yields while reducing investment in fertilizer

13



(Tabo et al.,, 2005a). Fertilizer micro-dosing helps to improve and stabilize

production and farmers' incomes (Tabo et al., 2005b).

The technology has been applied in three countries in West Africa (Burkina Faso,
Mali, and Niger) between 2002 and 2004 for the dissemination of the strategic
application of fertilizer per pocket on millet crops and sorghum. The above selected
countries are characterized by predominantly sandy soils with low fertility status.
Demonstrations conducted on the technology in the three countries showed a
considerable improvement in millet and sorghum responses to micro-doses of

fertilizer (Tabo et al., 2005b).

2.6 Composting

Many studies have demonstrated that application of manure will produce crop yields
equivalent or superior to those obtained with chemical fertilizers (Xie and
MacKenzie, 1986; Motavalli et al., 1989). Manure improves the physical condition
of the soil and increases biological activity (Sommerfeldt and Chang, 1985; Chang et
al., 1990; CAST, 1996). William et al. (1995) indicated that there was not enough
manure to sustain yields at even the levels found in farmers’ fields. Bationo and
Mokwunye (1992) also noted that the addition of organic materials either in the form
of manures or crop residues has beneficial effects on the soil’s chemical and physical
properties. Compost is a slow-release fertilizer. Compared with fresh manure, its N is
in a more stable form and not susceptible to loss as NH3 gas (Leonard, 1986). The
nutrient value of compost varies a lot and depends on what it is made from. In the
preparation of compost, it is desirable to mix materials in the proportions that give

rapid, effective and complete decomposition to a stable product (Harris et al., 2001).
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Organic materials such as crop residues, animal manure, food scraps, some
municipal wastes and appropriate industrial waste, can be applied to land as
fertilizer, once the composting process is completed (Misra et al., 2005). Composting
is a useful method of producing a stabilized product that can be stored or spread with
little odour. The other advantages of composting include killing of pathogens and
weed seeds, and improving handling characteristics of organic materials by reducing
their volume and weight. However, composting has some disadvantages that include
nutrient and C loss during its preparation and the associated labour cost (Eghball,

2002).

Compost is an important source of organic matter. The soil organic matter plays an
important role in sustaining soil fertility for sustainable agricultural production. In
addition to being a source of nutrients for crops, organic matter improves the
biological and physico-chemical properties of the soil. Following these
improvements, the soil becomes more resistant to stresses such as drought, disease
and toxicity (Misra et al., 2005). The stability and quality of compost play a

significant role in the evolution of the soil microbial biomass (Jedidi et al., 2004).

Factors affecting composting

For the success of composting, the observation of a number of parameters is

required:

2.6.1.1 Temperature

Heat is an important byproduct of bacterial activity. The process of composting
involves two temperature ranges: mesophilic and thermophilic. High temperatures
characterize the composting process and serve as signs of vigorous microbial

activities (Ezennia, 2011). As an added benefit, exposure to high temperatures helps
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kill disease-causing microorganisms (pathogens), thereby helping to reduce the risks
of disease transmission from infected materials. Pathogens are normally destroyed at
55 °C and above, while the critical point for elimination of weed seeds is 62 °C.
Turnings and aeration can be used to regulate temperature (Misra et al., 2005).
Temperature monitoring is an indirect measure of the intensity of the decomposition.
It also provides information on the quality of the degradation process (Misra et al.,

2005).

2.6.1.2 Humidity

Many factors affect the composting process, but moisture content often is the most
crucial. The compost should be moist but not soggy (Rynk et al., 1992). Moisture is
necessary to support the metabolic activity of the micro-organisms (Misra et al.,
2003). Composting materials should maintain a moisture content of 40-65% (Misra
et al., 2003). Where the pile is too dry, composting occurs more slowly, while a
moisture content in excess of 65% develops anaerobic conditions (Misra et al.,
2003). In practice, for optimum performance, it is advisable to start the pile with a
moisture content of 50-60%, finishing at about 30% (Misra et al., 2003) as this
enhances microbial activity. Scott (1957) showed that actively growing fungi require
a relative humidity above 75%, while most bacteria require more than 95% moisture

(Bationo, 2008).

2.6.1.3 Oxygenation

Although organic decay readily occurs under anaerobic conditions, the term
composting refers to aerobic decay processes (Misra et al., 2003). In most cases,
aerobic microbial activity is considered more desirable than anaerobic decay.

Aerobic composting requires large amounts of oxygen, particularly at the initial stage
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(Mustin, 1987). To keep a composting process sufficiently aerobic, oxygen
concentrations of at least 5% within the compost is recommended (Mustin, 1987).
Aeration is the source of oxygen, and, thus, indispensable for composting (Misra et
al., 2003). Where the supply of oxygen is not sufficient, the growth of aerobic
microorganisms is limited, resulting in slower decomposition (Misra et al., 2003).
Moreover, aeration removes excessive heat, water vapour and other gases trapped in

the pile (Misra et al., 2003).

Since highly active aerobic microorganisms use oxygen rapidly, maintaining aerobic
conditions throughout a compost pile, requires constant monitoring and may be
achieved by controlling the physical quality of the materials (particle size and
moisture content), pile size and by ensuring adequate frequency of turning (Misra et

al., 2005).

2.6.1.4 pH

It is an indicator of the degree of biological and biochemical decomposition.
Although the natural buffering effect of the composting process lends itself to
accepting materials with a wide range of pH, the pH level of the compost varies
between 5 and 9 and should not exceed 8 (Bationo, 2008). At higher pH levels, more
ammonia gas is generated and may be lost to the atmosphere (Morel et al., 1986;

Bationo, 2008).

2.6.1.5 C/ N ratio of organic materials

The optimal C / N ratio of raw materials for composting is normally between 25:1
and 30:1 although ratios between 20:1 and 40:1 are also acceptable (Bationo, 2008).
Decomposition will occur, although more slowly, when C / N ratios are as low as
20:1, or as high as 40:1. Where the ratio is higher than 40:1, the growth of
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microorganisms is limited and causes slow decay, resulting in a longer composting
time (Bationo, 2008). A C / N ratio of less than 20:1 leads to underutilization of N
and the excess nitrogen in the mixture may be lost to the atmosphere as ammonia or
nitrous oxide, and odour can be a problem. The C / N ratio of the final product

should be between about 10:1 and 15:1 (Bationo, 2008).

One of the most common practices is to add inorganic fertilizers, particularly N, in
order to modify a high C / N ratio. Similarly, P is sometimes applied as the C / P

ratio of the material mix is also considered important (Mustin, 1987; Beck, 2008).

2.6.1.6 Lignin and polyphenol content of composting material

Lignin is one of the main constituents of plant cell walls, and its complex chemical
structure makes it highly resistant to microbial degradation (Richard, 1996). This
nature of lignin has two implications. Firstly, lignin reduces the bioavailability of the
other cell-wall constituents, making the actual C / N ratio lower than the one
normally cited (Ezennia, 2011). Secondly, lignin serves as a porosity enhancer,
which creates favourable conditions for composting (Ezennia, 2011). Therefore,
while the addition of lignin-decomposing fungi may in some cases increase available
C, accelerate composting and reduce N loss, in other cases it may result in a higher
actual C / N ratio and poor porosity, both of which prolong composting time (Misra

et al., 2003; Ezennia, 2011).

Polyphenols include hydrolysable and condensed tannins (Schorth, 2003). Insoluble
condensed tannins bind the cell walls and proteins and make them physically or
chemically less accessible to decomposers (Misra et al., 2005). Soluble condensed
and hydrolysable tannins react with proteins and reduce their microbial degradation

and thus N release (Misra et al., 2003). Polyphenol and lignin are attracting more
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attention as inhibiting factors to decomposition (Misra et al., 2003). Palm et al.
(2001) suggested that the contents of these two substances be used to classify organic
materials for more efficient on-farm natural resource utilization, including

composting.

2.6.1.7 Microorganisms

Microorganisms are normally present in the compost. Rapid composting presupposes
that a large, active microbial population is present. While some composters find
improved aeration enough for enhanced microbial activities, others may need
inoculation of microorganisms (Misra et al., 2003). The inoculum are an affordable
choice for those with access to the market and also for resource-poor farmers (Misra
et al., 2005). The production cost could be reduced by using inoculum taken from
compost pits, by purchasing the commercial product and multiplying it on the farm,
and by utilizing native inoculum derived from soils or plant leaves (Misra et al.,
2003). Inoculating compost with material from a previous compost pile can be
beneficial, because it adds a representative mix of microorganisms in high numbers

(Coyne, 1999).

2.6.2 Qualities of a good compost

Compost quality can be assessed from its agronomic characteristics, health and
polluting properties. Agronomically, it is related to its nutrient content (N, P, and K)
and organic matter (Waas, 1996; Bationo, 2008), which gives it a fertilizer value and

soil amending power.

The compost may also be characterized in terms of its acidity. The pH is a factor that
determines the availability of nutrients for microorganisms, the solubility of heavy
metals and most biochemical reactions (Soudi, 2001; Bationo, 2008). Therefore, it
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provides information on the degree of base saturation of the compost (Bationo,

2008).

The chemical characteristics of good compost according to AFNOR (French

Association of Normalization) and FAO standards are shown in Table 2.1.

Table 2.1. Different quality standards for compost

Total nutrients AFNOR standard FAO standard
Organic matter (%) 25 10-30
Nitrogen (%) >0.25 04-05
Phosphorus (%) >0.3 0.1-16
Potassium (%) >0.1 04-23

C/N ratio 20 15-20

Source: Soudi (2001)

2.7 Effect of compost application on nitrogen mineralization

Application of organic fertilizer has received great attention because of its direct and
indirect effects on crop growth and yield as well as soil properties. Organic
amendments may affect the amounts and percentage distribution of organic N forms
in whole soils (Nguyen and Shindo, 2011). A number of authors have studied the
influence of different types of organic fertilizer on the amounts and properties of N
(Nguyen and Shindo, 2011). Tanaka and Shindo (2009) found that long-term
compost application increased the amount of N to a large extent. On the other hand,
several authors have observed positive effects of different levels of organic
amendments on soil properties. For example, soil organic matter content, total N
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content and soil microbial population increased with increasing the rate of compost
application (Chang et al., 2007; Sodhi et al., 2009). However, the effect of
amendments on the contents and distribution of forms of organic N and the
relationship between the amounts of amendment and organic N forms have received

little attention (Nguyen and Shindo, 2011).

Understanding how the quality of organic soil amendments affects nitrogen (N)
mineralization and plant N uptake is critical for optimal agronomic N management
and environmental protection (Loecke et al., 2012). Composting manures prior to
soil application has been reported to increase soil N. Improved understanding of how
soil management and organic amendments application influence N mineralization is
critical for optimizing N synchrony, but few studies to date have simultaneously
measured the different components of N synchrony (Loecke et al., 2012). Soil N
mineralization and immobilization are tightly regulated by the relative demand for
organic C and N by soil microbes (Hadas et al., 1996). Composted plant materials
and animal manure have long been used to improve soil fertility, although in practice
composting can have mixed effects on net N mineralization (Shi et al., 1999;
Cambardella et al., 2003). Application of composted manure produces greater net N
mineralization (Loecke et al., 2012). Other reports of net N mineralization following
application of composted manures indicate variable inter-annual responses (Ma et

al., 1999; Eghball, 2000).

Nitrogen mineralization depends on application method, kind of organic matter,
microbial activity, aeration and moisture. In dry soils with aerobic condition,
ammonification occurs faster than the oxidation of ammonium to nitrate, resulting in
a minimum nitrate accumulation (Linca et al., 2012). In their study, Linca et al.

(2012) found a positive net N mineralization from goat manure and straw compost.
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The application of biowaste and vegetable waste composts increases soil organic
matter and total N content (He et al., 1992; Crecchio et al., 2001; Nevens and
Reheul, 2003; Hartl and Erhart, 2005). Increasing the N use efficiency of organic
amendments and understanding the N dynamics in compost amended soils remain
important issues for research (Amlinger et al., 2003; Gutser et al., 2005). Compost
addition to soils was shown not to increase mineralization of soil organic matter
(Sikora and Yakovchenko, 1996). In general, N availability from composts to plants
is low since the majority of the total compost N is bound to the organic N pool
(Amlinger et al., 2003; Gutser et al., 2005; Hartl and Erhart, 2005). This is also due
to the fact that the mineral nitrogen content of composts is generally low, as N is
partly lost during composting through volatilisation (Zwart, 2003). Iglesias-Jimenez
and Alvarez (1993) showed that composts with C / N ratio < 12 can result in net N
mineralization. Research on N mineralization has shown that there is a strong
relationship between C / N ratios of various types of organic materials and the
resulting N mineralization (Chadwick et al., 2000; Chaves et al., 2004). The more
recalcitrant the carbon source to decomposition, the slower the N mineralization
(Janssen, 1996; Rogers et al. 2001). Compared to sewage sludge, biosolids, manures,
or other non-composted organic amendments, compost application results in lower N
mineralization rates (Petersen, 2003; Gutser et al., 2005). Han et al. (2004)
demonstrated that a combined application of compost with chemical fertilizer could
improve the compost use efficiency by increasing mineralization of compost N,

especially in soils with low mineral N content.

2.8 Soil microbial biomass

Soil microorganisms play an integral function in the cycling of N within terrestrial
ecosystems. The microbial biomass is the labile and the active fraction of soil
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organic matter (Horwath and Paul, 1994). Temporal variation in rates of N
transformations results from seasonal changes in factors such as soil temperature,
water potential and C availability controlling microbial activity (Holmes and Zak,
1994). Several studies suggest that seasonal variation in microbial biomass
corresponds to variation in soil water potential and substrate availability (Clarholm

and Rosswall, 1980; Singh et al., 1989; Srivastava, 1992).

Few studies, however, have investigated the seasonal variation of microbial biomass
(Groffman and Tiedje, 1989). As a consequence, it is uncertain whether microbial
biomass varies or remains constant during the growing season (Holmes and Zak,
1994). Microbial activity within the soil is thought to be most limited by C inputs

(Smith and Paul, 1990).

Under conditions of increased substrate availability, microbial populations could
increase, provided that soil temperature and water potential do not limit growth.
According to Holmes and Zak (1994), microbial population increases and rates of net
N mineralization decline as N is assimilated to form new microbial biomass.

The method used to evaluate the soil microbial biomass consists of measuring the
carbon (or the nitrogen and phosphorus) it contains. Most of the techniques currently
available cannot give absolute values and reliable results. However, the most used
technique is the fumigation-extraction, which uses chloroform vapor (Wu et al.,

1990).

2.9 Effect of compost application on soil microbial biomass

The biological component of the soil is responsible for soil humus formation, cycling
of nutrients and building soil tilth and structure along with many other functions

(Lynch, 1983; Wood, 1991; Kennedy, 1999). The application of compost increases
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the percentages of organic matter, nutrient levels (providing a slow fertilization
action over a long period of time), microbial biomass and improves the soils'
physical properties (Ribereau-Gayon and Peybaud, 1982; Bertran et al., 2004).
Various studies have examined the effects of different organic matters on microbial
biomass of soil. Previous studies have found that amendment with farm-yard manure
(Toyota and Kuninaga, 2006), grape compost (Saison et al., 2006) and spent
mushroom compost (Perez-Piqueres et al., 2006) significantly affected soil microbial
community structure (Carrera et al., 2007). However, the effects of compost were
found to vary depending on both the type of compost and the soil type (Pérez-
Piqueres et al., 2006). Microbial biomass increased with the quantity of compost
added to the soil (Kim et al., 1997). In the study of Saison et al. (2006), fungal
biomasses in the soil per compost mixtures were enhanced following the addition of
compost. Results from the study of Arslan et al. (2008) showed that kitchen waste

compost perfectly increased the numbers of total bacteria.

Application of manure and compost on agricultural lands has been shown to
positively increase and enrich soil food web (bacteria, fungi, protozoan and
nematode density) and also affect a number of soil characteristics, including SOM,
and soil respiration (Lundquist et al., 1999; Ferris et al., 2004; Carrera et al., 2007,

Treonis et al., 2010).

Soil microbes typically are C-limited (Smith and Paul, 1990). Thus, with the addition
of compost, a rapid increase in microbial activity and soil respiration occurs due to
increased carbon reserves. Fliebach et al. (2007) also reported higher basal
respiration in organically managed production systems when compared to
unfertilized control plots. A number of studies have compared soil respiration,

microbial biomass, and other microbial properties among contrasting management
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systems and reported significant differences (Lundquist et al., 1999; Bulluck et al.,

2002; Bending et al., 2004).

Increase in the quantity of organic inputs often result in high microbial biomass
(Fliebach and Mader, 2000). Organic farming systems with compost applications had
34% higher microbial biomass than treatments which did not receive any manure
amendments (Fliebach et al., 2007). With the addition of cover crops and compost,
more organic matter is added which facilitates rapid microbial population growth.
Compost application increased microbial biomass and had a positive impact on soil
microbial functional diversity (Ajay and Mathieu, 2012). The results highlight higher
microbial activity in soils receiving yearly compost applications (Ajay and Mathieu,
2012). Compost application can also indirectly increase nutrient availability by
increasing microbial activity and abundance (Pascual et al., 1997; Annabi et al.,

2007).
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CHAPTER THREE

3.0 MATERIALS AND METHODS
3.1 Description of experimental site
3.1.1 Location

The study was a field experiment conducted at N’dounga / Regional Centre for
Agricultural Research of Niger (INRAN / CERRA / Kollo) (Fig. 3.1). N’dounga is
located on longitude 2° 18' 28" East and latitude 13° 25' 00" North and is 30 km
South-East of Niamey, capital of Niger. The laboratory analyses were conducted at

ICRISAT Soil Laboratory in Niger.

3.1.2 Climate

The study area is located within the Soudano-Sahelian zone of Niger, characterized
by two distinct seasons: rainy season (from June to October) and a long dry season
(from November to May). The rainfall regime is characterized by a high variability
both in time and in space, adversely affecting agricultural production. The rainfall
patterns have battances of rains or storms in which large amounts of water can be
recorded in relatively a short time. The average annual rainfall for ten years (2003-
2012) is 510 mm. Temperatures vary according to time of the year. The lowest (23
°C) is recorded between October and February and the highest (45 °C) between

March and June.

3.1.3 Soils

Three soils types are generally found in the study area (INRAN, 2012):
hydromorphic soils and Vertisols located in the valleys (including river valley) which

are mostly potentially fertile soils; highly leached tropical dune soils (Arenosol

26



WRB) with low organic matter content which occupies the majority of the zone; and

the plateau soils, typically laterites and rigosols containing little organic matter.

This study was conducted specifically on the second type of soil which is better

suited for crops such as millet, cowpea and sesame.

N'Doungua site

® N'Doungua
800 ey, ® Niamey
Fleuve

Isohyetes

Figure 3.1. Location of the experimental site (Source: INRAN, 2012)

3.2 Field experiment

The field experiment was carried out to study the fertilizing effect of millet glume
compost on soil properties and millet yield. The compost was applied alone (micro-

dosed) and in combination with mineral fertilizers.
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3.2.1 Crop cultivar used

Improved early flowering millet cultivar Haini Kiré Precose (HKP) obtained from
recombination of Haini Kirey of Tera (Niger) since 1974 by INRAN was used as the

test crop in the study. The cultivar gave good germination percentage of 95 percent.

3.2.2 Land preparation and sowing

The experimental field was ploughed to a depth of 15 cm, using a disc plough after
which the field layout was done. Plot sizes measuring 6 m by 4.5 m were
demarcated. A measure of three fingers of seeds were sown per hill and thinned to

three plants per hill two weeks after sowing.

3.2.3 Experimental design / treatments

The field was laid out in a randomized complete block design (RCBD) with three
replications. Each replication consisted of 6 plots measuring 4.5 m x 6 m (27 m?)
giving a total of 18 plots for the entire experiment. There were 1 m alleys between

plots and 2 m between replications (Fig. 3.2).

The treatment combinations were 3 levels of compost x 2 levels of mineral
fertilizers. The treatments (amendements) were as follows:
Control = Compost 0 g/ hill + 0g Urea and 0g Single Super Phosphate (SSP)
MF =88 g Urea and 500 g SSP
C 150 g = Compost 150 ¢/ hill
C 150 g + MF = Compost 150 g/ hill + 88 g Urea and 500 g SSP
C 300 g = Compost 300 g/ hill

C 300 g + MF = Compost 300 g/ hill + 88 g Urea and 500 g SSP
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Figure 3.2. Field layout showing treatment allocations

3.2.4 Crop husbandry practices

The compost was applied at the same time of sowing seeds. It was applied in a pit
dug by micro - dosing method. The urea was applied (broadcast) in two splits: four
weeks and eight weeks after sowing. The SSP was applied (by broadcasting) at the

time of sowing. Weed control was carried out with hoe and by hand picking.
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3.3 Composting
3.3.1 Materials used for composting

The following principal materials were used:
e Millet glume and cattle manure (2:1 ratio)
e Ash (1/4 of all main materials)

e Urea

3.3.2 Compost preparation

Weights of manure and plant materials used were taken on dry weigh basis. Plant
materials were reduced (chopped) to lengths of 5 — 10 mm, weighed and mixed prior
to composting. Using the pit method, compost pits measuring 250 cm x 150 cm x 60
cm were dug and covered with black plastic sheets and soil to minimize water loss.
The soil also acted as a bio-filter to minimize odour emission. Inoculum from fresh
manure and urea was incorporated after fifteen days. The moisture content of each
pit was maintained at 50 — 60% throughout the composting process. Temperature and
pH of the compost were monitored at 0, 1, 2, 4, 6, 8, 10 and 12 weeks of maturation
using a mercury thermometer and a glass electrode pH meter, respectively.
Composting was done under a shade at the Research Station (CERRA — Niamey,

INRAN) and harvested after 100 days of composting.

3.3.3 Compost characterization

Triplicate samples of 150 g were collected at the end of the composting process. The
compost samples were air-dried and ground. Sub-samples were then taken using a
spatula sterilized in 70% alcohol. The spatula was used to mix the compost slightly
and to transfer samples into sterile containers and sealed tightly before being taken

for laboratory analysis. Organic carbon, total nitrogen, phosphorus, potassium and
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magnesium contents were determined and used to assess the quality of the millet
glume compost. Prior to composting, the millet glume was also characterized to

establish its nutrient composition.

3.3.3.1 Organic carbon

Organic carbon content of millet glume compost was determined using the
dichromate oxidation method. Ten millilitres of concentrated sulphuric acid, 10 ml
1.0 M K,Cr,07, and 10 ml of concentrated orthophosphoric acid were added to 0.05
g of compost sample in Erlenmeyer flask. The solution was allowed to stand on an
asbestos sheet for 30 minutes after addition of distilled water. It was then back
titrated with 1.0 N FeSO, solution with diphenylamine indicator.

Calculation:

(m.e. K,Cr,O7- m.e. FeSOy) x (1.32) x 0.003
X

% Organic C = : i
o Organic Weight of dried sample

100

where:
m.e. = normality of solution x ml of solution used
0.003 = m.e. weight of C in grams (12/4000)

1.32 = correction factor

3.3.3.2 Nitrogen

Total N was determined by the Kjeldahl distillation and titration method in which
millet glume compost was oxidized by sulphuric acid and hydrogen peroxide with
selenium as catalyst. A 0.2 g sample was weighed into a Kjeldahl flask and a 10 ml
concentrated sulphuric acid and selenium mixture (as catalyst) were added. The
resulting mixture was digested for 3 hours until it became colourless. The clear
digest obtained was transferred into a 50 ml conical flask and made to the mark with

distilled water. A 5 ml aliquot of the sample and a blank were pipetted into the
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Kjeldahl distillation apparatus. To this, 10 ml NaOH solution was added followed by
distillation. The distillate was collected in boric acid and titrated with 0.1 M HCI
using bromocresol green-methyl red as indicator (Okalebo et al., 1993).
Calculation:
%N = (14 x (A - B) x N/ 1000 x w) x 100

where:

A =ml 0.1 M HCI used for sample titration

B =ml 0.1 M HCI used for blank titration

N = concentration of HCI

14 = atomic weight of nitrogen

W = weight of sample in gram

3.3.3.3 Phosphorus

A 0.5 g of the compost was ashed in a muffle furnace at 500 °C for 1 hour after
which the ash was dissolved in 2.0 N HCI solution, heated and filtered. The filtrate

was diluted to 100 ml with distilled water.

A 5 ml aliquot of the filtrate was taken into a 25 ml volumetric flask. Following this,
few drops of molybdate solution and reducing agent were added and made up to the
25 ml mark with distilled water and allowed to stand for 10 minutes for full colour
development. A standard curve was also developed concurrently with phosphorus
concentrations ranging from 0, 5, 10, 15 to 20 mg P/kg organic material. The
absorbance of the sample and standard solutions were read on a spectronic 21 D
spectrophotometer at a wavelength of 520 nm. A standard curve was obtained by

plotting the absorbance values of the standard solution against their respective
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concentrations. Phosphorus concentrations of the samples were determined from the

standard curve.

3.3.3.4 Potassium

Potassium in the ash solution was determined using a flame photometer. Standard
solutions were prepared with concentrations of 0, 20, 40, 60, 80 and 100 mg/litre of
solution. The emission values were read on the flame analyzer. A standard curve was

obtained by plotting emission values against their respective concentrations.

3.3.3.5 Magnesium

A 10 ml aliquot of the ash solution was put in an Erlenmeyer flask. The sample was
nebulized into an air-acetylene flame, where it was vaporized. Magnesium
compounds were atomized and the magnesium atoms thus formed absorbed radiation
from a hollow-cathode lamp. The absorbance was measured at wavelength of 285.2
nm. Since the magnesium signal is easily depressed by aluminum, silicon, titanium,
and phosphorus, a releasing agent like lanthanum or potassium (0.1% as chloride)

was added.

3.4 Soil sampling

Wet soil samples were taken every month (18 samples from July to October) close to
the base of five plants selected at random per plot at a depth of 15 cm. The soils were
bulked in a bucket, mixed thoroughly and a sub-sample from each treatment plot

taken to the laboratory for preparation and analysis.

Moist soil samples were air-dried for one week, followed by crushing and sieving
through a 2 mm mesh sieve. However, samples for ammonium and microbial

biomass determinations were stored frozen or refrigerated at 4 °C and not dried
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before the analysis. Prior to the establishment of the cropping system, soil samples
were also taken from the experimental field, analyzed and used to determine the

initial fertility status of the soil.

3.5 Soil analyses

The following soil chemical properties were determined.

3.5.1 Soil pH

The pH of the soil was potentiometrically measured in the supernatant suspension of
a 1:2.5 soil: water (w/v) mixture. A 20 g soil sample was weighed into a 100 ml
beaker. To this 50 ml distilled water was added and the suspension stirred for 30
minutes. The pH was then measured with a pH meter which was calibrated with

buffer solutions at pH 4 and 7.

3.5.2 Soil organic carbon

Organic carbon was determined by the modified Walkley and Black method (Nelson
and Sommers, 1982). One gram soil sample was weighed into a flask. A blank
sample was also included. Ten milliliters of 1 N K,Cr,0; solution was added to the
soil and the blank flask. To this, 20 ml of concentrated H,SO4 was added. The heat
generated by mixing H,SO,4 and H,O raises the temperature sufficiently to induce a
very substantial oxidation of the organic matter within the first five minutes. Distilled
water and 10 ml of concentrated orthophosphoric acid were added and allowed to
cool. After 30 minutes, the residual of K,Cr,0O; was titrated against 0.5 N FeSO,
solution using diphenylamine as indicator.

Calculation:

(m.e. K;,Cr,07- m.e. FeSO4) % (1.32) x 0.003
X
Weight of soil

% Organic C = 100

34



where
m.e. = normality of solution x ml of solution used
0.003 = m.e. weight of C in grams (12/4000)

1.32 = correction factor

3.5.3 Soil total nitrogen

This was determined using colorimetric analysis by the salicylate/nitroprusside
method. The determination is based on the Berthelot reaction in which a phenol
derivative (salicylate) forms an azo dye in the presence of ammonia and

hypochlorite.

A 1.0 g soil sample was weighed into a digestion tube. The larger part of organic
matter was oxidized by hydrogen peroxide at relatively low temperature. After
decomposition and evaporation of water, the digestion was completed by
concentrated sulphuric acid at elevated temperature under the influence of selenium
catalyst.

The ammonium reacted with salicylate in the presence of hypochlorite (oxidant) and
nitroprusside (catalyst) to form an emerald green colour measured colorimetrically
on an auto-analyzer at a wavelength of 660 nm. The reaction takes place in a

buffered alkaline medium at a pH of 12.8 - 13.0. The N content was then measured.

3.5.4 Available phosphorus

Available P was determined using the Bray P1 method (Olsen and Sommers, 1982).
Phosphorus was extracted by shaking 4.0 g of air dried soil in 28 ml of 0.025 M HCI
and 0.03 M NH4F mixture for one minute and was determined in the filtrate by the
molybdate-blue method using ascorbic acid as a reductant. Colour development was
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measured at 882 nm on a visible spectrometer. The concentration of P in the extract

was obtained by comparing the results with a standard curve.

3.5.5 Exchangeable potassium

Potassium in the soil were determined by flame photometry. A 3 g air dried soil was
shake in 30 ml of 1.0 M NH4OAc (pH 7) for 30 min, followed by centrifugation. The
sample was nebulized into air-propane flame, where it was vapourized; potassium
compounds were atomized and the potassium atoms thus formed emited radiation of

which the intensity was measured at a wavelength of 766.5 nm.

3.5.6 Soil mineral nitrogen (NH;"-N and NO;3 -N)

The soil NH;" and NO3;™ were extracted using the colorimetric method of Tel and
Heseltine (1990). The mineral forms of nitrogen were extracted by shaking 10 g of
moist soil with 25 ml of 1.0 M KCI for 30 minutes. The extract was analyzed for
ammonium colorimetrically on an Alpkem Rapid Flow Analyzer at 660 nm as
described in total nitrogen extraction. Nitrate was determined from the same extract

using the Tchnicon Auto-analyzer.

3.5.7 Soil microbial biomass analysis

Soil microbial biomass is an important component of soil quality assessment because
of its important roles in nutrient dynamics, decomposition of organic amendments
and physical stabilization of aggregates (Franzlubbers et al., 1999). Microbial
biomass as determined by the fumigation-extraction method subjects a fresh soil to
chloroform fumigation that results in cell wall lyses, allowing the cellular contents to

become extractable.
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3.5.7.1 Soil microbial carbon and nitrogen

Soil microbial C and N were monitored following the application of both organic and
inorganic nutrient sources in the field experiment. Two 10 g field moist soil samples
were placed in two different 50 ml beakers and each placed in desiccators. A dish
containing 30 ml chloroform was placed at the centre of one of the desiccator. The
other desiccator containing the non-fumigated samples served as the control. The
desiccators were covered and allowed to stand at room temperature for five days.
The soil samples were then transferred into 250 ml shaking bottles and 50 ml K;SO4
solution added. The mixture was shaken for 30 minutes. The extract was filtered
through Whatman filter paper and the filtrate retained for analysis. An aliquot of 8 ml
of the extract was used for organic C determination (Vance et al., 1987). Microbial
biomass carbon was calculated from the difference in extractable organic C between

the fumigated and non-fumigated soil samples as follows:

Microbial biomass C (mg/kg soil) = [(C fumigated soil) — (C non-fumigated soil)]
IKc

where K¢ - a coefficient of extraction efficiency (K¢ = 0.45)

Total nitrogen in the extracts was measured by the Kjeldahl digestion procedure.

Microbial biomass nitrogen was calculated using the equation:

Microbial biomass N (mg/kg soil) = [(N fumigated soil) — (N non-fumigated soil)]
/Ky Ky = a coefficient of extraction efficiency (Ky = 0.54)

(Brookes et al., 1985).
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3.5.7.2 Soil microbial phosphorus

Microbial P was determined using the fumigation-sorption method of Morel et al.
(1996) modified for use with tropical soils by Oberson et al. (1997). A 5 g soil
sample was fumigated with chloroform. Another soil sample (5g) without chloroform
served as control. Following fumigation, samples were extracted with 35 ml of
Bray’s solution (0.025 M HCI + 0.03 M NH4F), filtered and stored for analysis.
Solutions were analyzed for P by the ammonium molybdate ascorbic acid method
(Olsen and Sommers, 1982). Microbial biomass P estimates were obtained using the

relationships described by Morel et al. (1996) and as follows:

Microbial biomass P (mg/kg soil) = [(P fumigated soil) — (P non-fumigated soil)] /Kp

Kp - a coefficient of extraction efficiency (Kp = 0.4) (Brookes et al., 1982)

3.5.8 Particle size analysis

Particle size analysis was carried out by the settling method which is based on
Stokes’ Law. This method determines the approximate proportion of sand (2000-50
um), silt (50-2 um) and clay (< 2 um) particles in a soil. Twenty grams of air-dried
(crushed to < 2 mm) soil was shaken for 16 hours with 100 ml of 5% sodium
hexametaphosphate. The suspension was quantitatively transferred to a
sedimentation cylinder and brought to a total volume of 1000 ml with deionized
water. A hydrometer was used to measure the density of the suspension of soil and
water at 40 seconds and 3 hour whilst a thermometer was used to measure the
temperature at each reading.

Calculations :

% Sand= 100- [H; - 0.2 (T - 20) - 2.0] x 2

38



% Clay = [H, + 0.2 (T - 20) - 2.0] x 2
% Silt = 100 - (% Sand + % Clay)
where:
H; = Hydrometer reading at 40 seconds
H, = Hydrometer reading after 3 hours
T, = Temperature at 40 seconds
T, = Temperature after 3 hour

0.2 (T — 20) = Temperature correction to be added to hydrometer reading

- 2.0 = Salt correction to be added to hydrometer reading.

3.6 Crop harvest and determination of growth and yield parameters

Harvest of millet was done at physiological maturity. The millet grains were air
dried, threshed and winnowed. The grain dry weight per plot was then determined
and extrapolated to kg ha™. Stover weight was also determined per treatment plot
after oven drying for 48 hours to a constant weight. Harvest index was computed by

dividing grain yield by total biomass yield and expressed in percentage.

3.7 Data analysis

All statistical analyses of data were performed in separate analysis of variance
(ANOVA) using GenStat package 12 and treatment means separated by the least

significance difference (Lsd) method at 5%.
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CHAPTER FOUR

4.0 RESULTS

4.1 Physical and chemical properties of the soil at the study site

The soil was initially characterized in order to assess its fertility status before the

establishment of the cropping system and application of amendments. The results of

the initial physical and chemical analyses are presented in Table 4.1.

Table 4.1. Physico-chemical properties of the soil at the study area

Soil characteristics Min
pH (1:2.5 H;0) 5.19
Organic C (%) 0.04
Total N (%) 0.007
Available P (mg/kg) 4.30

Exchangeable K (cmol*/kg) 0.06

NH;" (mg/kg) 0.82
NO3 (mg/kg) 3.58
Cmic (mg/kg) 6.35
Nmic (mg/kg) 2.00
Pmic (mg/kg) 0.003
Sand (%) 95.07

Max

6.20

0.06

0.010

5.40

0.11

127

4.98

36.85

36.50

0.044

95.90

40

Mean

5.46

0.05

0.01

4.85

0.09

1.03

4.05

20.88

18.98

0.022

95.49

SD

0.29

0.01

0.02

0.74

0.02

0.44

1.87

1.77

2.90

0.001

0.60

CV (%)

5.40

16.10

23.40

15.40

22.22

28.40

27.20

15.30

8.50

5.60

6.28



Silt (%) 2.00 2.21 2.11 0.61 28.90

Clay (%) 2.40 2.80 2.60 0.20 7.69

Cmic: Microbial biomass carbon; Nmic: Microbial biomass nitrogen; Pmic:
Microbial biomass phosphorus; SD: Standard deviation; CV: Coefficient of
variation; Values are means of three replications.

The soil pH ranged from 5.19 - 6.20 with a mean value of 5.46. Soil organic carbon
and total nitrogen contents varied from 0.04 to 0.06% and 0.007 to 0.010%,
respectively. Available phosphorus content varied from 4.30 to 5.40 mg/kg soil.
Ammonium -N and nitrate -N contents of the soil ranged between 0.82 and 1.22 mg
N/kg soil and 3.58 and 4.98 mg N/kg soil, respectively. Among the microbial
properties, biomass phosphorus (Pmic) showed the least variability whilst biomass
carbon (Cmic) showed the highest. The pH and Pmic were the least variable soil

properties with a CV of < 6%.

4.2 Chemical characteristics of millet glume compost and other organic

materials

The results of the chemical analyses of millet glume compost are presented in Table
4.2. The total organic carbon content was 35.34% whilst total N, P, K contents were

0.86%, 0.73% and 0.20%, respectively. The C / N ratio of the MGC was < 45.

Before composting, the millet glumes were also characterized (Table 4.2). Results
indicated lower total nutrient composition of the glumes than the compost signifying
that composting enhanced nutrient composition of the millet glumes. Total K content
of the compost was double the values recorded for the glumes. Whilst the total
carbon contents of the glumes and the compost were similar, total P content of the

compost was more than five times higher than that of the glumes. The C / N ratio of
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the two materials were uncomparable as the MGC was of a relatively higher quality
than the glumes. On the other hand, the C / N ratio of the catle manure used during

compost was 69.71 (Table 4.2)

Table 4.2. Chemical characteristics of millet glume compost

Total nutrients (%) Organic materials

Catle manure Millet glumes MGC

Organic C 55.77 35.51 35.34
Nitrogen 0.80 0.34 0.86
Phosphorus 0.67 0.13 0.73
Potassium 0.11 0.10 0.20
Magnesium 21.56 3.90 31.07
C /N ratio 69.71 104.44 41.09

MGC: Millet glume compost

4.3 Ammonium-nitrogen and nitrate-nitrogen dynamics

The ammonium -N values as observed under the millet glume compost and the
mineral fertilizers treatments was < 5 mg/kg soil (Fig 4.1). The highest level of
ammonium -N (4.51 mg/kg soil) was recorded at 12 weeks after sowing (WAS)
whilst the lowest (0.56 mg/kg soil) was obtained at 4 WAS. At 4 WAS, a net

increase in NH;" -N in plots amended with MF and C 150g + MF was obtained
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whilst a net decrease was recorded in the others over the initial values. Significant
differences (P < 0.05) were observed between treatment plots at 0, 4 and 12 WAS
except at the 8" week. The control plot produced the lowest NH," -N levels at 4
WAS which differed significantly from the amended plots.

For the three sampling periods, plots treated with compost did not significantly
influence ammonium -N. The similarity between plots treated with compost alone
and plots treated with its combination with MF means that the addition of mineral

fertilizers to compost did not influence ammonium release from the compost.

- N (mg/kg of soil)

- = il

-05 0 WAS 4 WAS 8 WAS 12 WAS
Sampling times

—o— Control —a— MF C150¢g
C150g+ MF——C 300 g —e—C 3009+ MF

Figure 4.1. Ammonium -N dynamics under millet glumes compost and mineral
fertilizers. Bars indicate Lsd (5%)

The nitrate -N under MF treatment showed a slight decline from 0 WAS to 8 WAS
and thereafter increased considerably to 22.47 mg/kg at 12 WAS (Fig. 4.2). A similar
trend was observabed for all plots except at 4 WAS where C 150 g + MF showed
slight increase over values recorded at 0 WAS. The lowest level of nitrate-nitrogen

was recorded following 8 WAS. The levels of NO3™ under the treatments increased
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remarkly from the 8" week to the 12" week after sowing. Values recorded at the 12™
week were 3 - 4 times higher than values observed at the 8" week. Results showed
that addition of mineral fertilizers to compost did not influence the release of nitrate

from the added organic sources (Fig. 4.2).

35

NO; - N (mg/kg of soil)
H
ol

0 WAS 4 WAS 8 WAS 12 WAS

Sampling times

—e— Control —u— MF ——C 150¢g
C1509+ MF—=—C 300 g —e—C 3009 + MF

Figure 4.2. Nitrate -N dynamics under the amendments. Bars indicate Lsd (5%b)

4.3.1 Ammonium -N to nitrate -N ratio

The ammonium / nitrate ratios as observed under the millet glume compost and the
mineral fertilizer ranged from 0.09 to 0.61 (Table 4.3). The highest values were
recorded under all amendments at 8 WAS whilst the least values were generally
observed at 12 WAS. Values recorded at 8 WAS ranged from 0.39 to 0.61 whilst
those recorded at 12 WAS ranged from 0.09 — 0.26. However, NH;" -N / NOs” -N
values exhibited great variability at all sampling periods except at 8 WAS when the
least CV of 32.0% was recorded (Table 4.3). NH;  -N / NO; -N ratios were
significantly (P < 0.05) affected by the amendments at all periods of sampling. The
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ammonium / nitrate ratio showed a decrease at 12 WAS due to the high level of

nitrate in the soil.

Table 4.3. Ammonium to nitrate ratio as affected by micro - dose application of
millet glume compost and mineral fertilizer amendments

Ammonium -N / Nitrate -N ratio

Treatment 0 WAS 4 WAS 8 WAS 12 WAS
Control 0.17 0.19 0.46 0.12
MF 0.15 0.48 0.53 0.26
C150¢g 0.44 0.30 0.41 0.09
C150g+MF 0.32 0.34 0.39 0.09
C300g¢g 0.37 0.14 0.56 0.09
C300g+MF 0.55 0.20 0.61 0.10
Lsd (p <0.05)  0.07 0.23 0.11 0.06
CV (%) 65.6 78.5 32.0 88.8

WAS: Week after sowing; Lsd: Least significant difference; NS: Non significant;
MF: Mineral fertilizers; C 150 g: 150 g compost; C 300 g: 300 g compost

4.4 Microbial biomass carbon and nitrogen

Microbial biomass carbon and nitrogen showed variations under the amendments
during the study period (Fig. 4.3 and 4.4). Generally, biomass values under each

amendment at 12 WAS were significantly (p < 0.05) higher than their corresponding
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values at 4 WAS. At 12 WAS, the microbial biomass N under the amendments and
the control decreased in the order: C 300 g + MF > C 150 g + MF > C 300 g > MF >
C 150 g > control (Fig 4.3). A similar trend was observed at 4 WAS except where the
MF treatment recorded lower values than C 150 g. At both sampling periods, higher
biomass N was recorded under the amendments than under the control. The biomass

N values generally ranged from 6.35 to 51.75 mg/kg soil.

Like biomass N, biomass C was significantly higher (P < 0.05) under the C 300 g +
MF amendment than all other amended plots and the control (Fig 4.3). Specifically,
Cmic values for C 300 g + MF differed significantly from that recorded under sole
application of C 300 g. Biomass C values recorded under both treatments were
statistically similar (P > 0.05) at 12 WAS. The Cmic at 12 WAS was generally higher

(P <0.05) than that at 4 WAS.
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Figure 4.3. Microbial biomass N under micro-dose application of millet glume
compost and mineral fertilizers amendment. Bars indicate Lsd (5%0)
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Figure 4.4. Microbial biomass C under millet glume compost and mineral
fertilizers application. Bars indicate Lsd (5%0)

4.4.1 Microbial biomass carbon to nitrogen ratio

Table 4.4 shows the computed biomass carbon / nitrogen ratios (Cmic / Nmic). There
were variations in the Cmic / Nmic ratios at both times of sampling. The results as
observed under the millet glumes compost and the mineral fertilizer ranged from
0.17 - 1.07. Generally higher values were recorded at 12 WAS than at 4 WAS. The
highest ratio was observed under the C 150 g at 4 WAS whilst the lowest was
recorded on the MF amended plots. The Cmic / Nmic ratios showed constancy for C
300 g + MF at both sampling periods suggesting that the Cmic and the Nmic

increased proportionally.
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Table 4.4. Biomass carbon to biomass nitrogen ratios under micro - dose
application of compost and mineral fertilizers amendment

Cmic / Nmic Ratio

Treatment 4 WAS 12 WAS
Control 0.63 0.80
MF 0.17 1.02
C150¢ 1.07 0.91
C 150 g + MF 0.96 0.98
C300g¢ 1.03 0.97
C 300 g + MF 0.99 0.99
Lsd (p <0.05) 0.27 0.15
CV (%) 18.70 8.70

Cmic: Microbial biomass carbon; Nmic: Microbial biomass nitrogen; WAS: Week
after Sowing; Lsd: Least significant difference; CV: Coefficient of variation; MF:
Mineral fertilizers; C 150 g: 150 g compost; C 300 g: 300 g compost

4.5 Microbial biomass phosphorus

Application of the different treatments significantly affected the microbial biomass P
content of the soil at both periods of sampling (Fig 4.5). The values as observed
under the millet glume compost and the mineral fertilizer were < 0.70 mg/kg soil.
The microbial biomass P showed an increase towards the end of the study. Almost
all treatments with compost recorded higher biomass P except for C 150 g which was
less than that of the MF. The Pmic was highest under the C 300g + MF treatment
(0.660 mg/kg soil) at 12 WAS. Statistically, there were no significant differences
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between C 300 g + MF, C 150 g + MF and C 300 g at 12 WAS, and also between
MF, C 150 g and the control during the same period. However at 4 WAS, all
amendments were significantly different from each other. Microbial P values were

generally lower than values reported in literature.
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Figure 4.5. Microbial biomass P as affected by the amendments. Bars indicate
Lsd (5%0)

4.6 Soil organic carbon and total N

Table 4.5 shows soil organic C and total N under the different amendments before (0
WAS) the establishment of cropping system and at harvest (12 WAS). Differences
between amendments with respect to organic C and total N at 12 WAS were not
significantly different (p > 0.05). Before imposition of amendments, organic carbon
content of plots marked to receive C 300 g + MF treatment was significantly higher
than all other plots. Significant differences (P < 0.05) were generally observed
between amended plots and the control at 12 WAS for total N content. Unlike
organic carbon, the highest total nitrogen level was recorded at 12 WAS for C 300 g

+ MF plot. Generally, the level of organic carbon and total nitrogen under the
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amendments were low at the beginning of the cropping season and gradually

increased at the end of the study.

Table 4.5. Soil organic C and total N as affected by amendments

Organic C (%) Total N (%)

Treatment 0 WAS 12 WAS 0 WAS 12 WAS
Control 0.04 0.09 0.007 0.009
MF 0.05 0.11 0.010 0.012
C150¢g 0.05 0.10 0.010 0.010

C 150 g + MF 0.04 0.10 0.008 0.011
C300¢g 0.04 0.09 0.009 0.010

C 300 g + MF 0.06 0.10 0.010 0.012
Lsd (p <0.05) 0.01 0.04 0.01 0.04
CV (%) 16.10 23.00 31.10 22.30

WAS: Week after Sowing; Lsd: Least significant difference; CV: Coefficient of
variation; MF: Mineral fertilizers; C 150 g: 150 g compost; C 300 g: 300 g compost

4.7 Relationship between some soil chemical properties and microbial biomass

It has been established in literature that microbial biomass plays a significant role in
the availability of many nutrients. To verify this assertion, correlation analyses were
used to determine the relationship between soil chemical and microbiological
properties. Among the chemical properties monitored under the amendments, soil

organic carbon, nitrate and total N positively correlated with microbial biomass

50



(Figs. 4.6, 4.7, 4.8 and 4.9). Microbial biomass carbon showed significant correlation
(P < 0.05) with soil organic carbon (Fig 4.6). Similar results were observed for the
relationship between soil nitrate and Cmic, and between soil nitrate and Nmic (Figs.
4.7 and 4.8). Though a high correlation (r = 0.75) was observed between total N and
Nmic it was not significant at p < 0.05 (Fig 4.9). The microbial biomass increased

with increasing concentration or levels of the soil chemical properties (Fig. 4.6 - 4.9).
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Figure 4.7. Relationship between soil nitrate and microbial biomass carbon.
*Significant at 5%
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4.8 Relationship between soil mineral nitrogen and total N

Correlation analyses were also used to determine the relationship between soil total
N and mineral nitrogen. A low correlation was found between total N and nitrate -N
(Fig. 4.10). The regression equations relating soil total N to ammonium -N (Fig 4.11)
showed a linear relationship between them. However, the correlation coefficients as
observed between NO3', NH," and total N were not significant (P > 0.05) (Figs

4.10and 4.11).
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Figure 4.11. Relationship between soil total N and soil ammonium-nitrogen

4.9 Microbial biomass carbon to soil organic carbon ratio

The microbial biomass carbon / soil organic carbon ratios under the millet glumes
compost and the mineral fertilizers ranged from 0.40 to 7.35 (Table 4.6). The highest
value was recorded under the C 150 g + MF at 4 WAS whilst the lowest was
observed for MF treated plots at the same sampling period. There were significant
differences (P < 0.05) in microbial biomass carbon / soil organic carbon ratios under

the different amendments at 4 and 12 WAS.

Table 4.6. Biomass C to soil organic C ratio under compost and mineral
fertilizer

Cmic / Organic C ratio

Treatment 4 WAS 12 WAS
Control 1.00 1.96

MF 0.40 2.63
C150¢ 3.50 3.02

C 150 g + MF 7.35 4.62
C300g 6.13 4.71

C 300 g+ MF 6.09 4.80

Lsd (p <0.05) 0.24 1.20

CV (%) 15.70 15.75
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Cmic: Microbial biomass carbon; WAS: Week after Sowing; Lsd: Least significant
difference; CV: Coefficient of variation; MF: Mineral fertilizers; C 150 g: 150 g
compost; C 300 g: 300 g compost

4.10 Microbial biomass nitrogen to soil total N ratio

Higher value was recorded under the C 300g + MF treatment at 4 WAS whilst the
lowest was recorded in the control plot (Table 4.7). Generally, amendments
influenced the ratios of microbial biomass nitrogen to soil total nitrogen significantly

at 4 WAS but not at the 12" week.

Table 4.7. Biomass N to soil total N ratio following compost and mineral
fertilizer application

Nmic / Total N ratio

Treatment 4 WAS 12 WAS
Control 0.08 0.23

MF 0.10 0.29
C150¢g 0.14 0.31

C 150 g + MF 0.40 0.44
C300g¢g 0.26 0.45

C 3009+ MF 0.51 0.43

Lsd (p< 0.05) 0.40 0.43

CV (%) 15.95 14.30

Nmic: Microbial biomass nitrogen; WAS: Week after Sowing; Lsd: Least significant
difference; Cv: Coefficient of variation; MF: Mineral fertilizers; C 150 g: 150 g
compost; C 300 g: 300 g compost
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4.11 Millet grain and biomass yields

Results for millet grain and biomass (stover) yields following application of millet
glume compost and mineral fertilizer are presented in Figure 4.12 Application of the
various amendments significantly (P < 0.05) affected millet grain and biomass yields.
The plot amended with C 300 g + MF recorded the highest grain yield (1014 kg/ha)
whilst the lowest (429 kg/ha) was observed in the control (no amendment). Plots
amended with MF, C 150 g and C 300 g + MF produced significantly (P < 0.05)
higher grain yield than the control. On the other hand, grain yield recorded under C
150 g + MF and C 300 g amendments were statisticaly similar (P < 0.05) to that
recorded on the control plots. Sole applications of C 150 g and C 300 g produced
grain yields which were not significantly different (P < 0.05) from each other.
However, integrated application of these amendments with mineral fertilizers
recorded grain yield values which were significantly (P < 0.05) different from each

other.

The biomass yield showed similar results as grain yield. It was observed that C 300 g
+ MF, MF and C 150 g amendments produced more stover yield (1519, 1089 and
1011 kg/ha, respectively) than other plots. Plots amended with C 150 g and C 300 g
produced similar stover yield which suggests that the use of C 150 g is more
beneficial than C 300 g if applied alone. However, in combination with mineral
fertilizers, the C 300 g is the best. Generally, all the amendments produced higher

stover yields than the control.
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Figure 4.12. Millet grain and biomass yield as affected by inorganic and organic
amendments. Bars indicate Lsd (5%0)

4.12 Relationship between some soil chemical properties and millet grain yield

Among the soil chemical properties monitored under the amendments, soil organic
carbon, ammonium and nitrate positively correlated with millet grain yield (Figs.
4.13; 4.14 and 4.15) with r values of 0.76, 0.69 and 0.64, respectively. The
parameters however, showed no significant correlation with millet grain yield.
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Figure 4.13. Relationship between soil organic carbon and millet grain yield
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4.13 Harvest index as affected by amendments

It is the ratio of total economic yield to the total plant dry matter or biomass
produced at harvest. The results of harvest index (HI) are shown in Fig. 4.16.
Amendments significantly influenced HI. Harvest index was higher in C 150 g, C

300 g and the control (42.70, 42.67 and 42.25%, respectively) than in the other
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treatments. The least value was recorded for C 150 g + MF which was statistically

not different (P > 0.05) from plots amended with MF.
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Figure 4.16. Harvest index as affected by the amendments
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CHAPTER FIVE
5.0 DISCUSSION
5.1 Physical and chemical properties of the soil at the study site

Initial analysis of the soil at the experimental site (N’Dounga) indicated low organic
carbon content and generally low fertility status (Table 4.1). The low soil organic
carbon content was the result of high soil temperatures resulting in rapid
decomposition of organic matter in combination with a generally low input of
organic materials. Carbon plays an important role in sandy soils with low activity
clay because it acts as substitute for clay CEC build up and a mediator of nutrient
supply in cropping system with low chemical fertilizer input (Asadu et al., 1997).
The acidic pH (Landon, 1996) observed was possibly due to leaching of basic cations
out of the top soil. This partly accounted for the low available P content of the soil

since P is fixed at low (acidic) soil pH by low activity clays.

5.2 Chemical characteristics of millet glume compost

Compost quality is largely determined by its organic constituents and nutrient
contents (Bationo, 2008). According to Bationo (2008), compost quality can be
assessed from its agronomic characteristics. Agronomically, it is related to its
nutrient content (N, P, and K) and organic matter composition (Waas, 1996; Bationo,
2008) which give it a fertilizer value and soil amending power. The N concentration
of the MGC was higher (Table 4.2) than the FAO standard (0.4 - 0.5%). Palm et al.
(2001) also gave a range of N content as 0.4 to 0.8%. The P concentration was within
the FAO standard (0.1 - 1.6%) whilst the K content was lower than the FAO range
(0.4 — 2.3%). Blair and Boland (1978) found that 0.25% of P is the critical value

below which net P immobilization would be expected.
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The C / N ratio is a characteristic feature of organic substrates. The C / N ratio of the
millet glume compost recorded in this study was 41.10 (Table 4.2) which is higher
than the standard value for quality compost. According to Bationo (2008), the C/ N
ratio of the final product should be between 10:1 and 15:1. Materials with C / N ratio
greater than 25 have been reported to lead initially to immobilization whereas those
with C / N ratio less than 25 release N (Burgess et al., 2002). Contrary to this
expectation, sole application of compost or in combination with mineral fertilizers
did not generally lead to immobilization of nitrate and ammonium during the study

period.

5.3 Ammonium-nitrogen and nitrate-nitrogen dynamics

Ammonium -N under the amendments showed changes in its level in the soil over
time (Fig 4.1). This could be due to microbiological activity and the influence of
crop uptake at different stages of growth. This observation is in contrast with that of

Snapp and Borden (2005) who reported constant pool size of NH," -N.

The highest NO3™ -N recorded under amendments at 12 week after sowing was
possibly due to the highest microbial biomass recorded (Figs 4.4, 4.5 and 4.6) at the
week 12. The higher microbial biomass values is an indication of microbial activity
which resulted in more mineralization of N to produce NO3 -N. NO3™ -N showed
remarkable increase from 8 to 12 WAS. On the other hand, the observation could be
due to ‘Birch effect’. According to Birch (1964) and Appel (1997), there is offen a
marked seasonality of organic matter decomposition in the wet and dry tropics due to
a flush of decomposition associated with the rewetting of dry soils. This can lead to a
pronounced flush of nitrate in the soil at the onset of the rains which is susceptible to

leaching in cultivated soils (Birch, 1964). The soil of the study area experienced
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short dry spell which were followed by resumption of rains (Appendix 2). In Ghana,
Nye and Stephens (1962) and Logah (2010) observed gradual increase in soil nitrate
levels during the dry season. Birch (1958) indicated that this pattern is repetitive with
successive drying and rewetting and is common to all soils. The operation and
repetition of this pattern of decomposition in the field has important consequences in
the rundown of soil carbon and the mineralization of soil nitrogen (Birch, 1964). The
decomposition involves direct microbial attack of the organic substrate and the
recurrent pattern of decomposition is due to the state in which the microbial

population is left after drying and its subsequent behavior on rewetting (Birch, 1958).

Comparatively NOz* -N levels were higher than NH;" -N levels under the
amendments (Fig 4.2). This has implication on nitrogen availability in the soil
system since nitrogen in the form of NOjs is more subject to leaching or
denitrification losses. According to Tsai et al. (1992) nitrogen maintained as NH4" in
the soil should be available for late season uptake. The results of the study indicated
no immobilization of NOj at all periods of sampling. In some agricultural soils, no
NO3 immobilization has been observed (Shai and Norton, 2000); while in others
NOs immobilization was recorded after 1 — 4 weeks (Schimel, 1986) or several

months (Kissel and Smith, 1978).

5.3.1 Ammonium -N to nitrate -N ratio

Plants can absorb both ammonium and nitrate as a nitrogen source and therefore, the
total uptake of nitrogen usually consists of a combination of these two forms (Bruck
and Guo, 2006; Ciampitti and Vyn, 2012). However, research has indicated that the
effect of these two forms on plant growth and chemical content is dependent not only

on the plant species, but also on the NH4*/ NO5™ ratio and concentrations (Guo et al.
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2002). In this study, NH," / NOjs ratio under amendments ranged from 0.09 — 0.61
(Table 4.3) with the lowest ratios generally observed at 12 WAS. These low ratios
were due to the high levels of NO3™ recorded at 12 WAS. In his study, Logah (2010)
made a similar observation and attributed the high levels of NO3" to the occurrence of

Birch effect.

The ratios between ammonium and nitrate is of great significance and affects both
plants and soil medium (Mills and Jones, 1996). According to Marschner (1995),
ammonium / nitrate ratios may change the pH near the roots. These pH changes may

affect solubility and availability of other nutrients (Marschner, 1995).

5.4 Microbial biomass carbon and nitrogen

Higher level of microbial biomass C was recorded in plots treated with compost +
mineral fertilizers (Fig 4.3). With the addition of compost, more organic matter was
added to the soil which facilitated rapid microbial population growth. According to
Schnurer ef al. (1985), the decomposition rate of organic input is responsible for the
variation in the level of microbial biomass. Although the quantity of microbial
biomass is mainly related to C inputs, other mitigating factors such as temperature
and moisture can regulate the growth and activity of the native microflora (Schnurer
et al., 1985). In their study, Ajay and Mathieu (2012) reported that compost
application increased microbial biomass and had a positive impact on soil microbial
functional diversity. Soil organic matter content, total N content and soil microbial
population increased with increasing rate of compost application (Chang et al., 2007;
Sodhi et al., 2009). Wander et al. (1995) and Shannon et al. (2002) observed
significantly higher microbial biomass C in soils under organic amendment

compared to conventional management.
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The highest microbial biomass N value was recorded in compost + mineral fertilizers
treated plots (Fig 4.4). The application of mineral fertilizers alone resulted in lower
microbial biomass N compared to the composted plots. Fliebach and Mé&der (2000)
reported that increase in the quantity of organic inputs often result in high microbial
biomass. Organic farming systems with compost applications had 34% higher
microbial biomass than treatments which did involve any manure application

(Fliebach et al., 2007).

5.4.1 Microbial biomass carbon to nitrogen ratios

The ratio of Cmic / Nmic is often used to describe the structure and state of the
microbial community. According to Campbell et al. (1991), high Cmic / Nmic ratio
indicates that the microbial biomass contains a higher proportion of fungi, whereas a
low value suggests that bacteria predominate in the microbial population. The ratios
observed at 4 WAS and 12 WAS generally ranged from 0.17 — 1.07 (Table 4.4)
which were lower than values recorded in forest and arable lands. Logah (2010)
reported mean ratios of 8.1, 14.2 and 35.1 in 2006 major, 2006 minor and 2007

major seasons respectively, in the semi-deciduous forest zone of Ghana.

Joergensen (1995) reported C / N ratios of the microbial biomass varying from 5.2 in
an arable land to 20.8 in a forest soil with an average of 6.8 for 82 soils. The values
from this study were lower than values reported by Joergensen (1995) and Logah
(2010) due to the general poor fertility status (low organic C content) characteristic
of Semi-arid Niger compounded by low soil moisture content as a result of eratic
rainfall pattern. The Cmic / Nmic ratio is affected by soil properties such as moisture

content, pH and substrate availability (Moore et al., 2000). Differences in these ratios
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are therefore expected between microbial populations cultivated under natural

conditions (Joergensen, 1995).

5.5 Microbial biomass phosphorus

Microbial biomass phosphorus was higher in plots treated with compost + mineral
fertilizers compared with the sole application of compost, mineral fertilizers and the
control plots. Generally no immobilization of P was recorded in microbial cells.
Biomass P values recorded in this study were very low compared to values recorded
in literature. For example, Logah (2010) observed a range of 5 — 50 mg/kg soil and
30 — 40 mg/kg soil respectively during the major seasons of 2006 and 2007 whilst
observing negative values in 2006 minor cropping season. The extremely low values
observed in this study could be due to the low available P content of the soil (Table
4.1) since soil microbes have high affinity for phosphorus which can lead to

immobilization (Logah et al., 2010 ; 2013).

5.6 Soil organic carbon and total N

The abundance of organic C in the soil and its role as a key control of soil fertility in
crop production has been recognized for more than a century (Tiessen et al., 1994).
Organic C storage is controlled by the balance of C inputs from plant production and
outputs through decomposition (Schlesinger, 1977). In sandier soils, the relative
contribution of the organic fraction is high because there is less clay (Wayne et al.,
2014). By providing a food source for micro-organisms, organic carbon can help
improve soil stability by micro-organisms binding soil particles together into
aggregates or ‘peds’ (Wayne et al., 2014). This study indicated a general increase in
organic carbon contents in plots under amendment at 12 WAS over the initial values

(0 WAS) (Table 4.5). However, the final organic carbon content of the soil was still
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low (< 2%) (Landon, 1996). Large organic additions can temporarily increase the
organic fraction in a soil, but unless additions are maintained, the soil will revert to

its steady state equilibrium, which is usually low (Wayne et al. 2014).

Soil total nitrogen levels of 0.007 — 0.012% under amendments and cropping systems
were very low (< 0.1%) (Landon, 1996). This was particularly due to the low soil
organic carbon levels found in this study following amendment (Table 4.5).
According to Logah (2010) the observation could also be partially ascribed to N

losses which occur mainly through leaching, volatilization, etc.

5.7 Relationship between some soil chemical properties and microbial biomass

Positive correlation was found between Cmic and soil organic carbon (Fig 4.6). This
observation is in conformity with the findings of Beck et al. (1997) and Leiros et al.
(2000) who reported strong correlation between biomass C and organic carbon.
However, Insam and Domsch (1989) and Zak et al. (1994) found no correlation
between the biomass C and organic C. Published data on the relation of microbial
biomass C to organic carbon are inconsistent, showing either a positive correlation or
no correlation as both the organic carbon quality and the microbial community
structure are associated with soil type (Jozef, 2004). The positive correlation
obtained in this study could be explained by the fact that microbial biomass
concentration depended on organic matter availability to microbial activity as

suggested by Insam and Domsch (1989) and Anderson and Domsch (1989).

5.8 Relationship between soil mineral nitrogen and total N

The natural N supply for plants and microorganisms results principally from the
mineralization of organic compounds (Runge, 1983). The regression equations
relating soil total N to ammonium -N (Fig 4.11) showed a positive correlation (r =
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0.84) indicating that substrate availability plays a key role in N mineralization. A

linear relationship between nitrate -N and total N was found with r = 0.53 (Fig. 4.10).

5.9 Microbial biomass carbon to soil organic carbon ratio

The Cmic / organic C ratio represents the contribution of microbial biomass to
organic carbon in soil (Table 4.6). Insam et al. (1989) reported that the clay content
of soil has an important influence on the variation in Cmic / soil organic C. Anderson
and Domsch (1989) stated that the ratio of soil biomass C to organic C ratio is a good
indicator of changes in microbial performance caused by environmental conditions.
Though Anderson and Domsch (1989) did not give any indication on soil biomass C
/ organic C ratio range, the values recorded in this study were lower (Table 4.6) than
those repported by FAO (1976) which ranged between 11.4 and 12.8. The
observation is attributable to the generally low microbial biomass C content of the
soil (Fig. 4.4) by virtue of the low soil organic carbon level recorded (Table 4.5). The
structure and distribution of C in soil affect biological activity and probably the

microbial biomass (Hatice and Nur, 1998).

5.10 Microbial biomass nitrogen to soil total N ratio

Biomass N values expressed as percentages of soil total N give an estimation of the
quantities of nutrient in the microbial biomass and substrate availability (Sparling et
al., 1990). Moore et al. (2000) reported that biomass N made up to 2.4% of soil total
N under cropping systems. Logah (2010) indicated that the microbial biomass,
served as a repository of soil total nitrogen under amendments. The ratios of Nmic /
total N can range from 1 — 7% (Joergensen, 1995). Generally, lower values were

recorded under amendments in this study (Table 4.7) indicating that microbial
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biomass may not necessary serve as a subtantial repository of the soil total N under

these field conditions.

5.11 Millet grain and biomass yield

The different amendments influenced millet grain and biomass yields in this study
(Fig 4.12). Millet yields obtained under all the amendments were significantly higher
than that of the control. Addam et al. (2010) reported an increase in millet yields
with application of mineral fertilizers, compost or both compared to the non-
application. The relatively low yields recorded by the sole application of compost
could be attributed to the slow release of nutrients for crop uptake. Only a fraction of
the nutrients in compost become plant available in the first year after application
(Motavalli et al., 1989; Ramamurthy and Shivashankar, 1996; Eghball, 2002).
Eghball and Power (1999) found that 20% of compost N became plant available in
the first year after application, indicating that about 80% of compost N became plant
available in the succeeding years, assuming little or no loss of N due to NO3 -N
leaching or denitrification. The combined application of compost and mineral
fertilizers recorded the highest yields (Fig 4.12). This was due to the positive effect
of integrated nutrient management on the yield of millet. Many workers have
demonstrated identical results with combined use of organic and inorganic sources of
nutrients (Fatondji et al., 2006).

The results of this study have shown that combination of millet glume compost and
inorganic fertilizers could help save 50% dose of fertilizers (like in this study 15
kg/ha of urea instead of the recommended rate 30 kg/ha as reported by Batiano and
Ntare, 2000). However, the low grain yield observed was partly due to erratic rainfall

received during the study period.
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5.12 Relationship between some soil chemical properties and millet yield

The relation between soil organic carbon and millet yield was positive with
coefficient of correlation of 0.76 (Fig 4.13). This suggested that soil organic carbon
under the various amendments influenced crop yield as expected. Although it has
been difficult to quantify the effects of SOC on crop and ecosystem productivity
(Dudal and Deckers, 1993) results from experiments in some African countries
indicated favourable responses due to SOC (Bationo et al., 2006). Soil organic matter
is not only a major regulator of various processes underlying the supply of nutrients
and the creation of a favourable environment for plant growth but also regulates
various processes governing the creation of soil-based environmental services
(Vanlauwe, 2004). According to Swift and Woomer (1993), high SOC status in
homestead fields is observed to relate positively with crop yields. Several scientists
have attributed the effect of organic amendments on crop yield as partly due to
effects of SOC (Powell, 1986; De Ridder and van Keulen, 1990; Bationo and
Mokwunye, 1991b; Bationo et al., 1995, 1998). Research results from long-term
field experiments in the West African agro-ecosystems showed that the use of
mineral fertilizers without recycling of organic materials resulted in higher yields,
but the increase was not sustainable (Bationo et al., 2004). As a result of the higher
organic carbon content in mulched plots, Bationo et al. (1993) reported a large
positive and additive effect of crop residue and mineral fertilizer application on pearl

millet yield (Bationo et al., 2006)

5.13 Harvest index as influenced by amendments

There was significant influence of compost and mineral fertilizers applied on HI
during the cropping season, but all treatments recorded low harvest indices (Fig

4.16). Harvest index of cereal crops has been reported to be within the range of 50 —
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60% (Evans, 1993). Low grain crop HI could be attributed to late sowing, imperfect
sowing methods, low plant population, poor plant protection, and non-availability of
water for irrigation at critical crop growth stages (Ahmad et al., 2007). Non-
availability of irrigation at critical growth stage significantly reduces crop HI
(Ahmad et al., 2007). The low HI recorded in this study could be attributed to the
drought or water stress period experienced critical during crop growth stage. Harvest
index is the proportion of plant biomass allocated into grains and is the only known
measure of the efficiency of the process and source-sink balance (Lawlor, 2002 and

Reynolds et al., 2007).

70



CHAPTER SIX
6.0 CONCLUSIONS AND RECOMMENDATIONS
6.1 CONCLUSION

The results of the study indicated variations in mineral nitrogen levels at the different
periods of sampling. Ammonium -N values (< 5 mg/kg soil) were generally lower
than nitrate -N values (< 25 mg/kg soil) under application of millet glume compost
and mineral fertilizers and their combinations. This has implication for more losses
of N from the soil system since ammonium is less leached compared to nitrate. Since
the maintenance of soil nutrient status is an important aspect of sustainability,

management of compost and fertilizers to maintain soil fertility is necessary.

Compost application especially in combination with mineral fertilizers (C 300 g +
MF) had greater impact on soil microbial biomass C, N and P. With the addition of
compost, more organic matter was added to the soil which facilitated rapid microbial
population growth. However, the microbial biomass P values (< 0.70 mg/kg soil)

recorded in this study were generally low compared to values reported in literature.

The organic carbon and total nitrogen contents under the amendments were low at
the beginning and gradually increased at the end of the study. However, the final
organic C and total N (0.11 and 0.012%, respectively) content of the soil were still

low.

This study has shown the importance and benefit of combined use of millet glume
compost and mineral fertilizer nutrient sources in sustaining soil health and crop
productivity. Complementary application of 300 g millet glume compost and mineral
fertilizers led to higher millet grain yield (1014 kg/ha) than sole applications of each

nutrient source.
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The study has indicated that micro-dose rate of 300 g compost + 88 g urea + 500 g
SSP (3t compost /ha + 15 kg N /ha + 13 kg P /ha) is potentially ideal for crop growth
and soil fertility improvement in Semi-arid Niger. Micro-dosing of millet glume
compost and application of mineral fertilizers in an integrated nutrient management
strategy promised to be an option that famers could adopt to ensure higher yields.
Whilst the return of crop residues is being advocated in Niger, improvements in soil
fertility would require balanced organic matter and inorganic fertilizer applications.
However, the short-term nature of the study is not enough to state a recommendation

rate for farmers’ use.

6.2 RECOMMENDATION

Use of composted millet glume has a great potential for soil fertility and crop yield
improvement. Since the millet straw is always not available (due to its competitive
use) and farmers cannot afford mineral fertilizers, they could use millet glume
compost for sustainable crop production. However, more research should be
conducted on the millet glume compost to assess its long-term effect on the physico-
chemical properties of the soil and crop yield and also to calibrate its recommended
rate on micro-dosing mode of application.

To promote good composting practices, there is a need to develop a guide on how
smallholder farmers can create ideal compost which could be at moderate cost to
improve the profitability of composting. There is also the need for further research
on complementary application of millet glume compost and inorganic fertilizers

under monocropping and intercropping systems in Semi-arid Niger.
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APPENDIX

Appendix la

Plate 1: Millet crop under 150 g compost + mineral fertilizer application during

the study period at N’Doungua
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Appendix 1b

Plate 2: Millet crop under the control at N’Dougua

Appendix 1c

Plate 3: Millet crop under 300 g compost application during the study period
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Appendix 2

Table 1: Daily rainfall data at N’Doungua

Rainfall (mm)

Days July August September
1 16.5 29.3 0
2 0 6.4 0
3 0 0 0
4 5.9 0 0
5 0 22 11
6 9.8 18.8 0.1
7 1.6 0.5 1.9
8 0 4 0
9 2.5 0.4 0
10 5.4 150 0
11 0 154 1.2
12 0 1 0
13 0 0 20.2
14 -7 18.6 0
15 34 31 0*
16 0 0 0
17 0 12.1 0
18 0 3.3 0
19 3.8 0.8 0
20 0 21 0
21 0 0 0
22 0 38.2 0
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23
24
25
26
27
28
29
30
31

3.6
4.9
1.7

12.5

0.7
0.9
39.2

1.1

45.7

3.8

*12th Week sampling

107



