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ABSTRACT

Four neem seed cake levels 0, 1, 2 and 4 ton (t) ha” along with varying rates of inorganic
fertilizer recommendation (0, 4, 2 and full) for sorghum were evaluated in the laboratory,
greenhouse and in the field for their mineralization and/or decomposition potentials, impact on
soil fertility, productivity and nutrition of sorghum in the Northern Guinea Savanna of Nigeria
in a factorial completely randomized design with three replications. Results showed that NSC
contained 265.35 g kg' OC, 45.95 g kg' N, 2.75 g kg P, and 12.35 g kg K mean
concentration in both years indicating its potential in improving soil fertility and plant growth.
Treatments did not significantly (P < 0.05) increase sorghum growth and dry matter yield
(DMY) in the greenhouse. The quarter recommended rate (RR) recorded a higher increase in
DMY and plant height while combinations of 2 t ha” NSC + % RR and 4 t ha” + FRR gave
non-significant increase in stem girth and number of leaves respectively. Treatments showed
significant (P < 0.05) difference in only P concentrations in sorghum tissue. The 4 t ha™ of NSC
significantly increased P and K concentrations while combined application of 4t ha™ + FRR
recorded the highest N concentration. As regards the effects of treatments on soil properties after
cropping, sole NSC and CF treatments resulted in soil pH reduction, implying that application of
these materials can lead to soil acidification. Significant (P < 0.05) increases were observed in
the effect of treatments on exchangeable acidity, nitrogen, potassium and calcium. Soil
microbial biomass carbon correlated with soil total organic carbon (TOC) (r = 1), and was
generally positively related to the soil organic matter which implied the ability of the organic
material to form stable aggregates. Laboratory incubation study showed an initial rapid
cumulative N mineralization rate in the first twenty-one (21) days followed by slower release
with time. At 98 days, cumulative N mineralization represented 50 % of total N applied as neem
seed cake. N mineralization pattern showed that ammonium-N fraction in the soil far exceeded
nitrate-N fraction, accounting for 91.5% of the N mineralized from the NSC. The simple rate
constant (h=k) gave a better fit to mineral-N released than the Gompertz function in the
laboratory study. However, in the field, cumulative N mineralization with time showed an initial
rapid rate in the first six (6) weeks after incubation followed by slower release in 2009 and 2010.
N mineralization pattern showed that ammonium-N fraction in the soil slightly exceeded the
nitrate-N fraction in 2009, accounting for about 52% of N mineralized from neem seed cake
while in 2010 N mineralization pattern showed that nitrate-N fraction in the soil far exceeded
the ammonium-N fraction, accounting for 64% of the N mineralized from NSC. Generally,
highest concentration of ammonium was observed during the first twenty-eight (28) days of
incubation. The best fit for net N mineralization in the field was displayed with the Gompertz
function. Weight loss of NSC was rapid within the first twenty-eight (28) days with about 70%
lost in 2009. Significant (P < 0.05) decrease in dry mass was observed for seven sampling
periods in 2010; dry mass loss was rapid during the first fourteen (14) days of decomposition
relative to later periods. However, NPK level did not affect dry mass loss of NSC significantly
(P < 0.05). Decomposition best fit was described by the asymptotic negative exponential model.
In the field trial, significant treatment effects were observed on sorghum growth parameters.
Leaf number, dry matter yield and plant height increased with simple combined application of
the amendments. Effects of the various treatments (regression) on yield was significant, a
reflection of the contribution of treatments to soil nutrient status. Combined application of 1 t ha”
" + FRR had highest sorghum grain yield. Yield parameters were better enhanced in NSC
amended plots in 2009 and 2010 (P < 0.01). There was no significant effect of treatments on P
and K concentrations in sorghum tissues in 2009. The effect of treatments on soil properties
after cropping, sole CF and NSC treatments resulted in soil pH reduction, implying increase in
acidity. Significant (P < 0.05) increases were observed in the effect of treatments on organic

vii



carbon and exchangeable potassium in 2009 and 2010 with sole NSC application while in 2010
significant effect was observed for exchangeable potassium, calcium and exchangeable acidity
in sole NPK plots. Non significant treatment effect was observed for tannin content in both years
while significant (P < 0.05) response was obtained for effect of chemical fertilizer in 2009 for
crude protein. The present study revealed that NSC has high residue quality and can be used as a
nutrient source. Its integration with CF was shown to be an important management strategy for
improving fertility and productivity of the savanna soils.
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CHAPTER ONE

INTRODUCTION
Alfisols and ultisols comprise the dominant soils in the Northern Guinea Savanna and are
estimated to cover about 60% of the region (Ojanuga, 1979; Enwezor et al., 1990; Odunze et al.,
1996). These soils have a dominance of low activity clays in the surface horizon (Frye et al.,
1982; Esu and Ojanuga, 1985) with accompanying low exchange capacity. The soils are fragile
and easily degraded under continuous cultivation (Lal, 1975; Jones, 1976; FAO, 1978).

Consequently, crop production is not profitable without addition of external inputs.

Good management of agricultural production systems as a soil resource is a response to
challenges posed by world food crisis. Dwindling soil fertility has resulted from activities such
as annual crop harvests that mine the soil of nutrients, leaching of soil nutrients, loss of
biodiversity and retarded biological activities that stagnate nutrient recycling thereby hampering
sustainable agriculture in Nigeria. Soil fertility management and improvement strategies using
inorganic fertilizers are not only expensive but tend to hasten the degradation of the soil
ecosystem with all its attendant effects. Ameliorating such conditions by organic matter

application has met with good results.

Grain sorghum (Sorghum bicolor L. Moench) production in the savanna zone of Nigeria is
limited by the deficiencies of a number of nutrient elements. Soils of this zone in northern
Nigeria are generally low in native fertility (Heathcote and Stockinger, 1970). Consequently,
under the subsistence or semi-intensive system of agriculture, the average yield of sorghum is
generally low (below 0.8t/ha) (Egbe et al., 2009). A possible avenue for yield improvement in
this crop is through the use of adapted improved varieties and the use of organic and inorganic

fertilizers (Buresh et al., 1997; FAO, 1999; Uyovbisere and Elemo, 2000). Organic inputs are
1



needed to maintain the physical, chemical fertility and biological productivity of the often
shallow sandy to sandy loam soils in the West African moist Savanna zone, while inorganic
fertilizers are needed to supply sufficient amount of nutrient to the crop (Vanlauwe et al., 2001,
Tarfa et al., 2001; Micheni et al., 2004). Lately, the use of local and readily available organic
residues as soil amendment in sub-Saharan Africa to improve soil fertility and organic matter
status is rapidly gaining widespread support (Agbenin et al., 1999). It is pertinent therefore to

exploit and evaluate the potentials of locally available organic wastes as soil amendments.

The neem tree, Azadirachta indica (dongoyaro), offers great potential for agricultural, industrial
and commercial exploitation. It is potentially one of the most valuable of all arid-zone trees. It
shows promise for pest control, reforestation, and improving human health (Vietmeyer, 1992).
The neem foliage and neem seed cake (NSC), have been demonstrated to have high soil
fertilization potential, particularly with respect to nitrogen release (Radwanski, 1969; Kethar,
1974; Kethar and Kethar, 1995; Idris et al., 1995; Uyovbisere et al., 1999; Agbenin et al., 1999
and 2008; Tarfa, 2001). Consequently, it could be one panacea for the maintenance of soil
fertility to sustain crop production which is a major challenge facing agriculture and food
security in Nigeria and most other developing countries (Mokwunye, 1991; Murwira et al.,

2002).

Laboratory studies have shown that NSC increased exchange acidity markedly and decreased
soil pH significantly (Agbenin et al., 2008). Studies on the reactions of NSC under field
conditions are scarce. It is also crucial to note that NSC improves N-use efficiency in soil,
provides soil nutrients and increases soil organic carbon (OC) content (Radwanski, 1969;
Mishra et al., 1975; Vietmeyer, 1992; Kethar and Kethar, 1995). This is particularly important

in soils of the Nigerian savanna which are made up of low activity clays (LAC), thus their

2



ability to retain nutrients and supply to crops is largely dependent on their organic matter
contents (Abubakar et al., 2004). However, quantification of nitrogen use efficiency requires
better understanding of soil N mineralization during the growing season in systems where

organic and inorganic forms of N are applied (Dwyer et al., 1993).

In view of the aforestated, the objectives of this study are to:
e determine the rate of decomposition and mineralization of neem seed cake (NSC) in soil;
e determine the effect of NSC on growth and nutrition of sorghum,;
e cvaluate effects of NSC on soil chemical properties;
e Determine the optimum and suitable combinations of NSC and inorganic fertilizer for
sorghum production in the soil;

e Recommend appropriate soil management strategies for utilization of NSC.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 The Nigerian Savanna

Nigerian savanna lies between latitudes 8"N and 13°N (Kowal and Knabe, 1972). The climate
can be distinctly divided into two seasons, namely, rainy and dry, both of which vary in duration
and intensity. Rainy season varies from 0 — 63 days in the north of Nigeria to 180 — 244 days in
the south of the country (Kowal and Kassam, 1978). The region can be sub-divided into five
bioclimatic or ecological zones (CTA, 1989): the Northern and Southern Sahel, the Sudan and

the northern and southern Guinea Savanna.

In some of the ecological zones, vegetation is generally sparse, with very few trees. The
intensity of vegetation decreases as one move from the south to the north. Thus, the capacity for
organic matter production also decreases as one goes from south to north. Reasons for this
include the lower amounts and shorter duration of rainfall. This in turn influence the length of
the growing season in the north compared to the south; and the higher temperature regimes and
longer dry periods experienced in the north. This could therefore mean that soil nutrient
depletion rate is higher as one moves further north. Furthermore, because organic matter
production is less in the drier areas, proper soil management measures become more difficult as

one moves northwards, making sustainable food production more difficult (Odion et al., 2007).

2.1.1 Soils of the Nigerian Savanna

Soils of the savanna are characteristically low in fertility (Jones and Wild, 1975). Most of the
soils are under continous cultivation, and result in rapid loss of fertility due to rapid decline in
organic matter, leaching of basic cations and high rates of acidification (Jones and Wild, 1975;

Ogunwole, 2008). Also, large scale loss of organic matter (OM) as a result of land clearing
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during cultivation occur especially with the breakdown of traditional land use system like
shifting cultivation and bush fallowing (Kowal and Kassam, 1978). Lopez-Gutiérrez et al.
(2004b) reported that savanna ecosystems have low primary productivity, strong seasonality and

low phosphorus (P) content.

Soils of Nigeria Savanna are made up of low activity clays (LAC), ability of the soils to retain
nutrients and supply to crops is largely dependent on their OM contents (Abubakar ef al., 2004).
Kaolinite and iron (Fe) oxyhydroxides are shown to form 80-90% of constituent of the clay
fraction of Nigerian Savanna soils (Moberg and Esu, 1991). Soil OM fraction constitutes the
major portion of total N, P and S reserves (Nye and Greenland, 1960). Soil OM declines by
about two-thirds of initial amounts when soils are continuously cropped which implies a serious
decrease in both total reserve and availability of essential plant nutrients (Stangel, 1995). The
soils are slightly acidic in reaction, have moderate P fixation properties and exhibit Al toxicity in

some cases (Fernandez and Sanchez, 1990).

Savanna soils are largely dominated by alfisols, ultisols, entisols, vertisols and inceptisols
(USDA, 1975; Kang and Spain, 1986). This soil accounts for more than 58% of arable lands in
West African Savanna (Jones and Wild, 1975). Also, organic P (P,) of the savanna comprises
50% of total soil P and is plant-available only after mineralization (Lopez-Gutiérrez et al.
2004a). These basic characteristics have far reaching implications on the fertility and crop
production potentials of soils; main soil constraints in the savanna are more of chemical than
physical (Fernandez and Sanchez, 1990; Goladi and Agbenin, 1997). Given these constraints, it
is evident that appropriate soil management practices, particularly management of the OM and
applied organic materials are crucial for the improvement and sustenance of fertility and

productivity of the Nigeria Savanna soils.



2.2 Role of organic materials in improving soil fertility

Soil organic matter (SOM) is any material produced originally by living organisms (plant or
animal) that is returned to the soil and goes through the decomposition process (Bot, 2009). It is
a complex mixture of organic compounds, representing products of microbial decomposition of
plant materials, metabolic products of micro-organisms that feed on plant materials and derive
energy, products of secondary synthesis in the form of bacterial plasma and strictly humus
substances (Biswas and Mukherjee, 2005). Some of these organic materials are grown and
recycled on site, while others are brought in from other sites, and thus constitute an external
source of nutrients and organic carbon (OC) (Fernandez and Sanchez, 1990). It is a
heterogenous mixture of products resulting from microbial and chemical transformation
(humification) of organic debris and is known to have beneficial effects on soil conditions and
fertility. The particular significance and agronomic value of OM is the influence it imparts on
soil properties. This value is measured with the supply of essential plant nutrients, improvement
in the soil physical properties and enhanced soil microbiological life (Mbagwu et al., 1994;

Mokwunye et al., 1996).

A number of studies have shown that incorporation of organic matter affects the pH of soils with
low buffering capacity. Organic residues, which contain high amount of S, could decrease soil
pH as a result of sulphate addition to the soil. Generally, it has been reported that pH of lighter
soils (sandy) change quickly with the addition of organic amendment than heavy soils (clay)

(Agbim, 1980).

Inputs of organic material have been reported to enhance nutrient balance by serving as a
nutrient reservoir and raising the CEC (Bache and Heathcote, 1969; Lal and Kang, 1982). Crop

residues of leguminous plants are generally richer in all nutrients than cereal crop residues
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(Balasubramanian and Nnadi, 1980). Added OM plays a major role in supplying nutrients to the
soil upon decomposition. Acquaye (1993) stated that OM serves not only as a source of plant
nutrients contributing more than 95% of the total N, between 20 to 80% of total P and more than
90% of the total S in tropical soils, and to the CEC. Organic matter also has a stabilizing effect
on physical properties and enhancement of microbiological activities especially those of

Rhizobium in N-fixation, Nitrosomonas and nitrobacter in mineralization of organic N.

The importance of organic materials to soil physical, chemical and biological properties with
implications on nutrient cycling, erosion control, water storage, plant vigour and resultant soil
fertility and productivity have been well established (Larson et al., 1972; Stevenson, 1982; Swift
and Sanchez, 1984; MacRea and Mehuys, 1985; Marchesni et al., 1988). Nutrient supply is
generally considered the most important in the short term (Lombin et al., 1991). On marginal
soils, improvements in structure and water retention capacity significantly enhance the prospects
for a better soil environment for root development and nutrient uptake. On soils with good
structure, however, improved physical properties are secondary to the enhanced fertility status
associated with organic input applications (Mbagwu et al., 1994). This was also evident in the
submission of Avnimelech (1986) in a review of several studies on the use of organic materials
where he observed further that application of these materials contribute to plant growth through

mechanisms other than their nutrient contents.

2.2.1 Organic materials as sources of nutrients

Organic materials exert their main influence on chemical properties through direct and indirect
effects on nutrient supply (Syers and Craswell, 1995). The amount of N and P added by organic
residues depend on the chemical composition (Ayuke et al., 2004). However, the amounts of

nutrients, especially N, P, and K currently returned to soil in organic waste is substantial.
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Estimates of various nutrient elements contained in crop residues and animal droppings have
been reported in several studies (de Ridder and van Kuelen, 1990; Iwuafor et al., 1991;
Uyovbisere and Elemo, 2000; Tarfa et al., 2001). The ability of organic amendments to supply
nutrients required by a crop depends on the nutrient release pattern and amounts of the material
applied. Carbonaceous residues with high rates of C: N and C: P ratios have potentials for
significant short-term immobilization of N, S, and P (Allison and Kleen, 1962). Application of

organic materials generally increases organic N, S, and P in the long-term (Black, 1968).

The C: N ratio is a useful guide to whether net release of N from organic material is likely to
occur during the early stages of decomposition (Giller and Wilson, 1991). The C: N ratio also
provides an indication of how rapidly a material is likely to be decomposed (Frankenberger and
Abdelmagid, 1985). Plant residues with a high C: N ratio (>30: 1) are likely to decompose
slowly with initial net immobilization of N, whereas residues with a smaller C: N ratios are
likely to decompose more rapidly with a net mineralization of N occurring right from the

beginning.

Plants contribute large amounts of structural and non-structural carbohydrates, which along with
organic materials, are deposited in the soil. These are readily metabolized by soil
microorganisms and are removed from the system. The more resistant lignin and polyphenols
change slowly and limit turn over rate of soil C (Minderman, 1968). The lignin and polyphenol
represent the partially decomposed OM (Tarfa, 2001). Lignin and cellulose are structural
constituents of vascular plants that can make up a substantial part of litter dry mass (Gessner,
2005). Both compounds confer toughness to plant tissues (i.e, compressive and tensile strength).
Consequently, plant litter rich in these compounds tends to be highly refractory, with high

concentrations particularly of lignin being conducive to slow litter decomposition (Vallis and
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Jones, 1973; Frankenberger and Abdelmagid, 1985; Fox et al., 1990; Palm and Sanchez, 1991;
Gessner and Chauvet, 1994; Berg and McClaugherty, 2003). The (lignin + polyphenol): N ratio
can give an excellent prediction of the N mineralization rate of organic residues especially
legumes, and decomposition of residues which contained less than 2% N resulted in a net
immobilization of N over the first six weeks (Fox et al., 1990). Lignin concentration or the
lignin/N ratio has also been demonstrated to provide an effective index for N release pattern
(Melillo et al., 1982; Melillo and Aber, 1984). Berg and McClaugherty (1987) have suggested

that N is not released from litter until decomposition of lignin commences.

In many forest species and in some legume species, it has been recognized that nutrient-rich leaf
materials may be slow to release N and that this is not associated with lignin concentration.
Vallis and Jones (1973) observed that D. intortum was slow to release N. They suggested that
this was related to the presence of polyphenols in the material. This is plausible since
polyphenols are reactive compounds that can form stable polymers with many forms of N
(Martin and Haider, 1980; Stevenson, 1986). Palm and Sanchez (1991) obtained similar results
from a range of plant leaf materials. Fox et al. (1990) in their study using shoots of many
tropical legumes observed the best predictor of N mineralization was (lignin + polyphenol)/N.
These results; they opined, are consistent with the idea that soil-incorporated plant lignin
degrade to polyphenols, which, with other plant and microbial polyphenols, become the main
constituents of recalcitrant N-containing humic polymers (Haynes, 1986). Tian et al. (1992)
found that decomposition was strongly correlated with N, lignin and polyphenol concentrations.
In turn, N mineralization was directly related to decomposition rate, and the patterns of release

of P, Ca and Mg were similar to that of N.



In recent years, the role OM can play in food production systems has attracted a great deal of
academic attention, particularly in light of the fact that little or no chemical fertilizer is used in
traditional agricultural practices (Powell and Williams, 1995). There is no doubt that OM is an
important contributor to soil fertility, especially in sandy soils with low clay content. The
positive effects that OM has on the physical and chemical properties of dry lands are significant
(Wild, 2003). Not only does OM have a beneficial effect on moisture holding and cation
exchange capacity (CEC) of soil, but the decomposition of OM by micro-organisms in soil is
crucial to the recycling of nutrients in the ecosystem. In short, adequate OM is essential to crop
productivity, because it plays a vital role in providing the necessary nutrients and buffer

properties, and is critical in creating and stabilizing soil aggregates (Wild, 2003).

Stocking and Murnaghan (2001) reported that the level of OM is also a good indicator of a soil’s
susceptibility to erosion. They explained that where the OM of a soil falls below 2 per cent, the
soil is more prone to erosion, because soil aggregates are less strong and individual particles are
more likely to be dislodged. The soils of the Northern Guinea Savanna of Nigeria, whose OM
content is abysmally low, could therefore be susceptible to erosion. Thus, good soil management
practices to boost soil OM through the application of manure and crop residues are pertinent for

sustainability.

2.2.2 Effects of organic amendments on soil properties

The fertility of soils is determined by both their physical properties and their nutrient resources
(Jones and Wild, 1975). The amount of available nutrients and their ease of release are strongly
determined by the physical state of soil, chemical conditions are also critical to sustainability of
the soil (Maconachie, 2007). Relatively high biomass yield has been reported to be due to other

positive effects of organic materials on soil physical properties (like moisture retention) and
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chemical properties (other macronutrients like calcium and magnesium) (Chen and Avnimelech,

1986; Wallace, 1996; Mutuo et al., 1999).

2.2.3 Effect of organic amendments on soil physical properties

Application of organic inputs into the soil generally results in improved soil physical conditions.
Organic amendments exert this benefit largely through their effects on soil aggregation (Singh et
al., 1991a; Meelu et al., 1994), which in turn influences encrustation, water infiltration, moisture
content, drainage, tilth, aeration, temperature, bulk density, run-off, erosion, microbial activities
and root penetration. Avnimelech et al. (1971) observed a change in soil aggregates from
compact (dense) ones to friable aggregates with addition of organic manures. This change they

observed allowed for better root penetration, water infiltration and solute diffusion in soil.

Obi and Ebo (1995) found that addition of poultry manure significantly decreased bulk density
and increased total porosity and water infiltration in the soil. Mbagwu et al. (1994) submitted
that application of swine wastes at relatively low rates enhanced resistance of soil macro-
aggregates to disruptive water forces. A decrease in soil organic matter levels following
cultivation, or reduced application of soil organic amendments was reported (Papendick, 1994)
to lead to a deterioration of soil structure, which creates difficulties with seedbed preparation,
seedling emergence and root growth. In heavy soils, the major impact of organic residues is
probably the improvement in soil aeration, whereas in sandy soils, the increase in water holding

capacity is the most important (Janssen, 1993).

The effects of organic materials on soil physical properties depend on the residence time, quality
and placement of the materials (Tisdall and Oades, 1982). The quality of organic nutrient

resources has a significant role on the effectiveness of the materials on crop yields. Organic
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input quality refers to the nutrient content and the concentration of lignin and polyphenol, two
secondary compounds that regulate decomposition and bind with the products of decomposition
(Okalebo and Woomer, 1994). Inputs that are higher in nutrients and lower in lignin and
polyphenol, especially those with C: N ratios less than 10 will rapidly decompose and release
more nutrients into soils. Low quality residues will have a greater and more durable effect on
soil physical properties than high quality organic residues (Tian et al., 1993). Variations in
decomposition and nutrient release patterns may have either positive or negative effects. In
fields of fast-growing annual crops such as maize, there is need for rapid nutrient release to
adequately provide nutrients at the early stages of growth, thus, the need for synchronization

with crop uptake.

On one hand, synchrony can be promoted by manipulating plant demand. This can be done in
several ways (for example, by controlling planting date and duration of crop growth, selecting
crops with different growth patterns, or using different multiple cropping systems).
Alternatively, both the release of nutrients and the efficiency of nutrient availability to the plant
can be manipulated by controlling the quantity and quality of organic inputs such as crop
residues and manures, which sometimes facilitate the retention of added inorganic inputs, and
the timing of the input application (Myers et al., 1994). A combination of organic-inorganic
nutrient sources is thought to improve the synchronization of nutrient release and subsequent

uptake by the crop (Murwira and Kirchmann, 1993).

Decomposition and residual effects are enhanced when low quality organic materials are
incorporated with a small amount of mineral N and then ploughed into the seedbed, preferably
before the successive crop is planted (Okalebo and Woomer, 1994). The negative effect of these

low quality organic materials they explained in terms of nutrient immobilization because the
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microorganisms active in organic matter decomposition (e.g. bacteria, fungi) also obtain their
nutrient requirements from the decomposing organic materials (Giller and Wilson, 1991).
Hence, microbes have “priority access” to applied resources because of their size, abundance,

distribution and metabolism (life-sustaining chemical activities).

Similarly, a guideline integrating the physical and chemical characteristics of organic inputs that
influence their decomposition and nutrient release patterns could be employed in their handling
and application to achieve their maximum effect. A decision tree to guide the allocation of
organic resources used as inputs to soil (Giller, 2000; Palm et al., 2001) is shown in Figure 1.
Soil fertility improvement of the savanna is also constraint by the chemical properties; a review

of the effect of organic amendments on these properties is therefore pertinent.

N content >2.5%?
(leaf green or yellow ?)

/ \

yes no

green leaf / \ yellow leaf

Lignin >15%, polyphenol > 4%? Lignin <15%

(le#t fibrous, astringent tasty?) Qzélsh to powder whe}\dry?)

no yes yes no
Incorporate Combine with N Combine with N Apply as surface
directly into soil fertilizer or N-rich | [fertilizer or add to | Jmulch for erosion
with annual crops organic input compost control

Figure 1: A decision tree to guide the allocation of organic resources used as inputs to soil (after
Giller, 2000; Palm et al., 2001)
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2.2.4 Effect of organic amendments on soil chemical properties

Changes in soil pH due to organic materials are complex (Iyamuremye and Dick, 1996), and are
dependent on soil type and conditions, but in general have overall tendency to move the pH
towards neutrality (Meelu et al., 1994). Decomposition of plant materials can yield various
organic acids and carbon dioxide, both tending to lower the pH in neutral and basic soils (Black,
1968). Applications of plant materials to soil have been shown to increase soil solution pH (Bell
and Besho, 1993). Under reduced soil conditions, application of organic materials can lead to an
increase in pH due to dissolution of solid manganese (Mn) and Fe or by the ligand exchange
occurring through replacement of terminal OH™ of Al and Fe hydroxyl oxides by organic anions
(Hue and Ameni, 1989). The increase in pH can also be due to the release of ammonia (NH3)
(Hoyt and Turner, 1975) or addition of basic cations (Kretzschmar et al., 1991; Tisdale et al.,

2003) from decomposing organic materials.

Organic residues with high amount of S could reduce soil pH as a result of the addition of
sulphate thereby neutralizing the acidity produced by the oxidation of N during decomposition
(Obatolu and Agboola, 1993; Van der Meersh ef al., 1993). The sandy parent materials and low
OM content have rendered the savanna soils low in buffering capacity, hence significant
changes in the pH are observed with excessive use of nitrogenous fertilizers (Bache and

Heathcote, 1969).

Soil OM is the major source of CEC for savanna soil. Cation exchange is the process whereby
ions are held by electrostatic forces between the negatively charged clay or OM and positively
charged ion (Stocking and Murnaghan, 2001). It affects the ability of soils to hold nutrients in a

form that is readily available for plants uptake; and its values are closely related to the soil OM
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and clay contents of the soil, both of which are characteristically low in soils of the savanna

(Kowal and Kassam, 1978).

Meyer et al. (1994) observed that CEC values decline with pH and increase with higher levels of
C and clay content. Organic matter content of soil is essential for minimizing erosion, and clay,
which carries important minerals, serves as an indicator of fertility (Wild, 2003). The loss of
clay results in a reduced capacity of soil to retain nutrients added to it in the form of fertilizers,
therefore the clay fraction is crucial to the maintenance of agricultural sustainability. The high
sand content characteristic of savanna soils underlies many of the problems associated with soil
fertility, soil water availability and soil management (Kowal and Kassam, 1978) in the region.
Neem seed cake (NSC) has been demonstrated to have high soil fertility potential, particularly
with respect to nitrogen (Radwanski, 1969; Kethar, 1974; Idris et al., 1995; Kethar and Kethar,
1995; Agbenin et al., 1999 and 2008). However for a better understanding of the fertility

potentials of NSC, a brief overview of the source of the material is pertinent.

2.3 Neem

Neem belongs to the family Meliaceae. It is the most versatile, multifarious trees of tropics, with
immense potentials. It possesses maximum useful non-wood products such as leaves, bark,
flowers, fruits, seeds, gum, oil and neem cake than any other tree species. Biologically neem has
numerous bioactive ingredients with diverse applications. These bioactive ingredients are known
to have antiallergenic, antidermatic, antifeedent, antiviral, antifungal, anti-inflammatory,
antipyorrhoeic, antiscabic, insecticidal, larvicidal, anti-implantation, nematicidal, spermatocidal,
and other biological activities (Ogbuewu et al., 2011). Neem is a natural source of eco-friendly
insecticides, pesticides and agrochemicals (Brahmachari, 2004; Yar’adua, 2007). Neem is

considered to be a part of India’s genetic diversity (Sateesh, 1998). It is the most researched tree
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in the world and is said to be the most promising tree of 21st century. The tree has adaptability
to a wide range of climatic, topographic and edaphic factors. It thrives well in dry, stony shallow
soils and even on soils having hard clay pan, at a shallow depth. Neem tree requires little water
and plenty of sunlight (Sateesh, 1998). The tree grows naturally in areas where the rainfall is in
the range of 450 to 1200 mm. However, it has been introduced successfully even in areas where
the rainfall is as low as 150 to 250 mm. Neem grows on altitudes up to 1500 m (Jattan et al.,
1995; Chari, 1996). It can grow well in wide temperature range of 0 to 49°C (Hegde, 1995). It
cannot withstand water-logged areas and poorly drained soils. The pH range for the growth of
neem tree lies in between 4 to 10. Neem trees have the ability to neutralize acidic soils by a

unique property of calcium mining (Hegde, 1995).

Biologically active principles isolated from different parts of the plant include: azadirachtin,
meliacin, gedunin, salanin, nimbin, valassin and many other derivatives of these principles.
Meliacin forms the bitter principles of neem seed oil; the seed also contain tignic acid (5-
methyl-2-butanic acid) responsible for the distincitive odour of the oil (Schmutterer, 1990; Uko
and Kamalu, 2001; Lale, 2002). Neem comprises of 40 different active compounds called
tetranortripernoids, or specifically limonoids. Terpenoids are natural products and related
compounds formally derived from isoprene units. They contain oxygen in various functional
groups. This class is subdivided according to the number of C-atoms in the same manner as are

terpenes.

Terpenes are anyone of a group of hydrocarbons with a composition, CioH;s, found in essential
oils of some plants; while compounds having a structure like terpenes are referred to as
terpenoidal compounds. The skeleton of terpenoids may differ from strict additives of isoprene

units by the loss or shift of a fragment, generally a methyl group. These limonoids create
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hormonal disruptions and prevents the insect from feeding, breeding or metamorphosing. The
chief ingredient of neem, Azadirachtin, belongs to this group of limonoids (Espanol, 2009). The
active principles are slightly hydrophilic, but freely lipophilic and highly soluble in organic

solvents like, hydrocarbon, alcohols, ketones and esters (Schmutterer and Singh, 1995).

Azadirachtin is a secondary metabolite in neem tree seeds. The molecular formula is C3sH44O6,
and molecular weight of 720.71 g mol™. It is a highly oxidized tertranortriterpenoid which
boasts a plethora of oxygen functionality, comprising an enol ether, acetal, hemiacetal, and tetra-
substituted oxirane as well as a variety of carboxylic esters (Wikipedia, 2009). This compound
found in the seeds (0.2-0.8 % by weight) is a yellow-green powder, with a strong garlic-sulphur
odour. Hazardous combustion products include carbon monoxide and carbon dioxide (Espanol,
2009). Owing to its promise in Agriculture, a review of the NSC as a source of nutrient would

be discussed.

2.4 Neem seed cake as a source of nutrient

Neem seed cake (NSC) is the residue left after oil has been extracted from neem fruits and
kernel (Vietmeyer, 1992; Wikipedia, 2009) through cold pressing and solvent extraction
processes. It could be a major source of organic inputs into the soil; and through decomposition,
supply plant nutrients and contribute significantly to the cation exchange capacity (CEC) and
buffering capacity of savanna soils. Organo-mineral complexes are prevalent in soils and are
important factors in pedogenesis and soil fertility, through formation of chelates. They influence

micronutrient availability to plant roots considerably (Agbim and Adeoye, 1991).

Although, neem seeds from different geographical locations vary widely in their chemical

composition (Radwanski, 1969), it contains about 7% N and a narrow C: N ratio of less than 10
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(Agbenin et al., 1999). It has been reported that residue with a low N content or wide C: N ratio
is often associated with a slow rate of decomposition while those with high N content or narrow
C: N ratios usually decompose faster (Parr and Papendick, 1978). Similarly, residues of wide C:
N ratio would decompose more slowly at the soil surface because of possible deficiency of N
and other nutrients necessary to sustain microbial growth. When these residues are mixed or

incorporated into the soil, such deficiencies are supplemented by the soil.

Although, NSC contains all nutrients needed by plants, it is the N content that is given most
attention because of its critical nature in terms of requirement for plant growth (Mishra et al.,
1975; Idris et al., 1995; Agbenin et al., 1999 and 2008). Vietmeyer (1992) reported that NSC
increased soil organic matter. This is particularly important in weathered soil because of rapid
loss of soil organic matter in the tropics (Agbenin et al., 2008). Radwanski and Wickens (1981)
found greater concentration of N, phosphorus (P), calcium (Ca), magnesium (Mg), and
potassium (K) in NSC than farmyard manure. However, the benefits of NSC in increasing the
concentration of N, K and Mg, and maintaining organic carbon (OC) of the soil must be
weighed against the consequences of soil acidity, owing to the findings of Agbenin et al. (2008);
neem seed cake increased exchange acidity markedly and decreased soil pH significantly in a

closed-system incubation study.

The NSC is not only useful as a source of N but can increase N-use efficiency in addition to
enriching OC of the soil and providing nutrients to crops (Radwanski, 1969; Kethar and Kethar,
1995). N-use efficiency of crops in the savanna is abysmally low (James, 2002) because of rapid
leaching of nitrate-nitrogen (NOs-N). Consequently, measures directed at mitigating nitrification
rate will greatly reduce NO; leaching and increase N-use efficiency in the savanna. Several

studies, particularly in India, have dealt with the use of NSC as a nitrification inhibitor to
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improve N-use efficiency (Mishra et al., 1975; Parashar et al., 1980 and Kethar and Kethar,
1995). The retardation effect of neem residues and extracts on nitrification is due to their active

ingredient azadirachtin and other di- and triterpenoidal compounds which are toxic to nitrifying

bacteria (Singh et al., 1991Db).

Patrao (1985) reported that neem cake sometimes seems to make soil more fertile than
calculations predict. This he attributed apparently to an ingredient that blocks soil bacteria from
converting nitrogenous compounds into nitrogen gas invariably lost to the atmosphere. So far,
this finding, which might prove to be a major breakthrough, has not been pursued beyond the
laboratory. If it proves real in everyday practice, it might boost the effectiveness of fertilizers
everywhere - restoring to the soil that part of their power now lost by bacterial action
(Vietmeyer, 1992). Due to the significance of the chemical constituents of NSC on its reactions

in the soil, the chemical composition shall be reviewed.

2.5 Chemical compositions of neem seed cake.

Neem seed cake is obtained as a by-product during oil extraction of neem seed as well as the
azadirachtin isolation. This is achieved either from whole fruit, de-pulped seed or kernel using
expeller or solvent extraction (Okonkwo, 2005). The quality of NSC is determined by the
amount of oil left in it, and also the process by which extraction was done (Espanol, 2009).
Neem cake is very useful and contains some chemical compounds useful for agricultural

application.

Neem seed cake has adequate quantity of NPK in organic form for plant growth. Being totally a
botanical product with NPK content and other essential micro-nutrients as follows: N (2.0-5.0

%), P (0.5-1.0 %), K (1.0-2.0 %), Ca (0.5-3.0 %), Mg (0.3-1.0 %), S (0.2-3.0 %), Zn (15-
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60ppm), Cu (4-20ppm), Fe (500-1200ppm), Mn (20-60ppm) (Wikipedia, 2009). In his study,
Okonkwo (2005) submitted that the cake contains some important macro-nutrients required for
plant growth such as 5 —25% N, 1.08% P,Os and 1.48% K,O. It was also found to contain about
13 —35% crude proteins, 26 — 50% carbohydrate, 8 — 26% crude fibre, 2 — 13% fat, 5 — 18% ash
and 1 — 17% acid insoluble ash (Vietmeyer, 1992). It is rich in both S-compounds and bitter
limonoids. Similarly, Garba (2010) reported the nutrient content of neem seed cake used in his
study as follows: N (2.67%), P (3.87%), K (0.21%), Ca (0.54%), Mg (0.32%) and organic

carbon (37.40%).

2.6 Botany and agronomy of sorghum

Sorghum is the fifth most important cereal in the world in terms of both production and area
planted. An estimated 6 — 6.5 million hectares is currently under guinea corn in the country
(Aduayi et al., 2002). Nigeria is the second largest producer of sorghum in the world, with an
annual production in excess of 8 million metric tonnes (United State Agency International
Development, 2008). The bulk of its estimated production of about 8 million tonnes (NAERLS;
1996) are grown in the Northern Guinea and Sudan/Sahel ecologies. This covers states like
Kaduna, Kano, Jigawa, Zamfara, Sokoto, Kebbi, Borno, Plateau, Bauchi, Adamawa and Gombe
(Aba et al., 2005). Sorghum, like other cereals, is an excellent source of starch and protein and
can be processed into starch, flour, grits and flakes which can be used to produce a wide range

of industrial products (Palmer, 1991).

Sorghum is a vigorous grass that varies between 0.5 — 5.0 m in height. It is usually an annual
plant and produces one or many tillers, which emerge initially from the base and later from stem
nodes. The root system consists of fibrous adventitious roots that emerge from the lowest nodes

of the stem, below and immediately above ground level. Roots are normally concentrated in the
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top 0.9 m of soil but may extend to twice that depth and can extend to 1.5 m in lateral spread.
The stem is solid, usually erect. Its center can be dry or juicy, insipid or sweet to taste. Center of
the stem can become pithy with spaces. Leaves vary in number from 7 — 24, depending on
cultivar. They are borne alternately in two ranks. Leaf sheaths vary in length between 15 and 35
cm and encircle the stem with their margins overlapping. The leaf sheath often has a waxy
bloom. Leaves are from 30 — 135 cm long and 1.5 — 13 cm wide, with flat or wavy margins.
Midribs are white or yellow in dry pithy cultivars or green in juicy cultivars. The flower is a
panicle, usually erect, but sometimes re-curved to form a goose neck. The panicle has a central
rachis, with short or long primary, secondary and sometimes tertiary branches, which bear
groups of spikelet. The length and closeness of panicle branches determine panicle shape, which
varies from densely packed conical or oval to spreading and lax. Grain is usually partially
covered by glumes. The seed is rounded and bluntly pointed, from 4 — 8 mm in diameter and
varying in size, shape and color with cultivar. As the leaves develop, the seedling becomes
completely autotrophic and enters a period of intensive vegetative growth. Due to its C4 type of
photosynthesis, sorghum has a high rate of dry matter production in relation to quantity of water
absorbed (Chantereau and Nicou, 1994). Being a staple food, the tannin and protein content

shall be subsumed under the nutritional quality of sorghum.

2.7 Nutritional quality of sorghum

All sorghum varieties contain phenolic compounds, which can influence the colour, appearance
and nutritive value of a diet, and they can be divided into three groups: acidic phenolic,
flavanoids and tannins. The presence of tannin reduces the nutritional value of a diet, mainly due
to a decrease in the use of protein and a reduction in activity of digestive enzymes (Haslam,

1981). In consequence, nitrogen retention in protein and use of amino acids are reduced due to
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the retention in protein digestibility (Mitaru et al., 1984; Elkin et al., 1995). The carbohydrates
are also affected by tannin, possibly due to the formation of complex compounds which are
difficult to digest (Mahamood and Smithard, 1993). Vitamins and minerals, especially those of
the B complex, plus iron and calcium are all affected by the presence of tannin in the diet

(Bagepalli et al., 1982; Chang et al., 1993).

The level of tannin in sorghum grains varies from 1.3 to 3.6 % in high tannin sorghum and from
0.1 to 0.7 % in low tannin sorghum (Myers et al., 1994). Hamid (2001) reported that low tannin
sorghum increased protein content of grains. The increase in tannin content was attributed to
solubilization which occurred as the grain took up water or to synthesis of polyphenols during
germination. Although, early literature identified tannic acid as an anti nutritional factor in
sorghum grain. However, more recent research indicates that tannic acid is not a sorghum
component (Dykes and Rooney, 2006). Some sorghum varieties have pigmented testa
containing condensed tannins, polyphenolic compounds that possibly give the seed a bitter taste
and have been known to reduce intake, digestibility (particularly of protein), growth, and feed

efficiency of livestock (Gilani et al., 2005; Waniska, 2000).

Environmental factors including agronomic practices affect grain composition. Grain sorghum
protein content differs with the location at which the crop is grown (Deosthale and Mohan,
1970; Deosthale et al., 1972; Deyoe and Shellenberger, 1965). The level of nitrogen fertilizer
also influences the quantity and quality of protein in sorghum (Deosthale et al., 1972; Waggle et
al., 1967). Warsi and Wright (1973) noted that application of nitrogen fertilizer increased the
grain yield and protein. Higher protein in response to fertilizer nitrogen was mainly the result of
increased accumulation of prolannin, a poor quality protein, in the grain (Sawhney and Naik,

1969). The level of nitrogen fertilizer had no effect on the mineral composition of grain
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sorghum. However, the mineral content of the sorghum increased with increasing levels of

phosphorus fertilizer (Deosthale et al., 1972).

Tannins have a yellow-white to brown color and a faint, characteristic odour. Exposure to light
deepens the color. They all taste bitter and are astringent. Water, acetone, and alcohol dissolve
tannins readily, but benzene, ether, and chloroform do not. Heating to 210° C (410° F) causes
decomposition, accompanied by formation of pyrogallol and carbon dioxide. The chemical
property that provides the basis for most uses of tannins is its ready formation of precipitates
with albumin, with gelatin, and with many alkaloidal and metallic salts. The ability of tannins to
transform proteins into insoluble products resistant to decomposition leads to their use as
tanning agents. Ferric salts react with tannins to give bluish-black products that are useful as
inks. Tannins are used as mordants for dyeing cloth, as sizes for paper or silk, and as coagulants
for rubber. The precipitating properties of tannins are used in clarifying, or cleaning, wines and
beer. Tannic acid is valuable as an external medicine because it is astringent and styptic

(Microsoft Premium Student DVD Encarta, 2009).

2.8  Growth and yield components of sorghum

Contributing components to sorghum yield could be divided into three parts: (a) yield
components, (b) morphological traits, and (c) physiological traits. Yield differences in sorghum
are associated with panicles per square meter or panicles per plant, kernels per panicle and
kernel weight (Maman et al., 2004). Since yield components are interrelated, have compensatory
effects, and develop sequentially at different growth stages, they could be used to characterize
yield variations and to expand physiological understanding of crop morphology. Maman et al.
(2004) found that sorghum grain yield is highly correlated with all the abovementioned yield
components. However, selection according to the yield components only, does not give a

detailed insight into the physiological basis of the yield difference.
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In sorghum, the number of leaves per plant and plant height are among the two most important
morphological traits. Leaf number is an important determinant of a sorghum plant leaf area,
since it sets the initial benchmark of green leaf area per plant (Borrell ef al., 2000a). So, if a
sorghum plant can maintain higher number of leaves at the grain filling period and as a
consequent higher photosynthesis, it may yield more. This is especially the case where the
carbohydrate is a main harvest component (Thomas and Smart, 1993). Plant height is associated
with the growth and biomass of the crop: the taller the plant, the higher dry biomass yield and,

potentially, soluble sugar yield (Sher et al., 2011).

From a physiological standpoint, there are two main approaches in order to achieve higher grain
yields; that is, increase in harvest index (HI) and increase in dry matter accumulation (Specht et
al., 1999). DMY is the single most prominent parameter indicating the forage yield of any crop
(Sher et al., 2011). Grain yield of sorghum may be also described as a function of dry matter
accumulation and the amount of the dry matter partitioned to the grain. Assuming there is no
water limitation, biomass production is the product of the solar radiation over the duration of the
crop period (Q), corrected for the amount of intercepted radiation by the crop canopy (I), and the
conversion of this chemical energy into plant dry matter (RUE) (Richards, 2000). This can

simply be expressed as:

harvest

Biomass = )y Q xIx RUE ()

sowing
From equation (1) it is seen that the ways to increase total biomass are as follows: First, to
increase the duration of crop photosynthesis so that there is an increase in total solar radiation
received. The second term in equation (1), the amount of radiation intercepted by the canopy, is

the component of biomass production that is perhaps most amenable to genetic manipulation.
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The development of leaf area more quickly early in the season and an appropriate leaf area index

(LAI) can contribute to this term (Soufizadeh et al., 2006).

Delayed leaf senescence or stay-green is also associated with yield improvement of sorghum
(Borrell ef al., 2000a, b). Green leaf area at physiological maturity (GLAM) has proved to be an
excellent indicator of stay-green in this crop (Borrell et al., 2000a). This characteristic can be
assessed visually by counting the number of green leaves at this stage. Rajcan and Tollenaar
(1999) showed that the stay-green characteristic of a newer maize hybrid compared with an
older hybrid was associated with a larger source/sink ratio during the grain-filling period. A
further step in understanding the physiological basis of yield improvement in this crop is to
determine the dry matter allocated to the different plant organs. It has been proved that a crop
genotype that invests more photosynthetic assimilates in leaf mass can yield more under
potential condition (Soufizadeh, 2005). Such partitioning pattern can best results in higher grain
yield if it accompanies with a higher HI. Higher HI indicates a better partitioning of dry matter
into reproductive organs. Studies of historical genotypes often show that genetic improvement in
yield potential has resulted from increases in HI (Lawes, 1977; Austin et al., 1980; Penga et al.,
2000; Riggs et al., 1981), which is associated with ideotype characters, e.g., short stature in
wheat (Triticum aestivum L.) and the uniculm habit in maize (Zea mays L.) and sunflower
(Sedgley, 1991). So, increasing the HI at a given biomass is a promising breeding goal.
Information on physiological basis of yield improvement in sorghum is limited compared to

other cereals such as wheat, barley and maize.

A mechanism of resistance, known as stay-green (Rosenow, 1977), is indicated by maintenance
of green stems and upper leaves when water is limiting during grain filling. Green leaf area at

maturity is used as an indicator of postanthesis drought resistance in sorghum (Rosenow et al.,
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1983). Positive relationship between green leaf area duration and grain yield have been observed
in a range of cereals, including wheat, maize, oat and sorghum (Henzell et al., 1992). Sorghum
genotypes with stay-green trait continue to fill their grain normally under drought (Rosenow and
Clark, 1981) and exhibit increased resistance to charcoal rot (Rosenow, 1984) and lodging
(Henzell et al., 1984; Woodfin et al., 1988). Increased accumulation of soluble sugars in stay-
green types is associated with greater functional leaf area during grain filling; thereby reducing
their dependence on stored assimilates from the stem to fill grain (Duncan et al., 1981; McBee et
al., 1983). However, growth conditions will govern the weight of individual grains, i.e. the yield
component single grain mass. As growth phases are highly independent of each other, periods of
stress can be traced in the poor development of a yield component (Lambert, 1983; Ong and

Monteith, 1984).

2.9  Nutrient requirement of sorghum

Samsorg 17 (SK-5912) is a medium-maturity semi-dwarf improved pure line variety widely
cultivated in the Northern Guinea Savanna of Nigeria (Ogunlela and Yusuf, 1988). Mokunye
(1979) submitted that SK-5912 is one of the most popular and high yielding sorghum varieties
grown in Northern Nigeria. It responded up to 22 kg P/ha, twice the recommended rate at
Samaru. Striga infestation on plots of this variety is slight (Ogunlela, 1983). Doggett (1965)
believed that striga resistant sorghum would produce few striga strains, but that such resistance
mechanism operates after germination of the striga seed. Grain sorghum response to K
fertilization in the savanna soils is influenced by variety. Although, 50 kg K,O ha™ was reported
to be adequate (Ogunlela and Yusuf, 1988), the optimum K recommendation for sorghum in the
Northern Guinea Savanna is 32 kg K,O ha™. Ogunlela (1988) also reported that 60 kg N and 11
kg P ha” will meet the fertilizer requirement of dry land sorghum in savanna soil of northern

Nigeria. However, he opined that response to N will depend on yield potential as determined by
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factors such as timely planting and rainfall distribution. Nitrogen fertilization is likely to
improve the nutritional quality of sorghum grain by improving crude protein content (Ogunlela

and Okoh, 1989).

It is pertinent to mention however that the most widely adopted practice in field experiment is
the application of P and K before sowing so as to promote root development and good stand
establishment in early crop life, where straight fertilizers are used. Owing to the significant
effects of N, P and K on growth and nutrition of sorghum, their interactions and availability in

soils are subsumed under their occurrence, mineralization and fertilizer use efficiency.

2.10  Nitrogen, phosphorus, potassium, calcium and magnesium: their interactions and
availability

A mineral element is considered essential to plant growth and development if the element is
involved in plant metabolic functions and cannot complete its life cycle without the element
(Tisdale et al., 2003).The importance of these mineral elements and their release as nutrient
elements (as ions) has since become a central concern of soil fertility studies. The static concept
of soil as a box filled with broken-down pieces of rock gave way to a dynamic, evolutionary
one. It is now known that nutrients are continually released in the soil in forms plants can absorb
and that the role of fertilizers is to supplement this quantity in order to obtain desirable yields

(Millar et al., 1965).

2.10.1 Nitrogen in the soil
Nitrogen (N) is a vitally important plant nutrient and is the most frequently deficient of all
nutrients. This is because of the relatively large amount required by plants and its mobility in the

soil. Nitrogen is of particular interest because it is usually the most limiting nutrient for crop
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production, and fertilizer N represents a major variable input cost (Gil and Fick, 2001). Soil N
has a variety of pathways for input and outflow and these can have important negative

environmental impacts when lost from the production system.

Plants normally contain between 1 and 5% N by weight, which is adsorbed by plants as nitrate
(NO;3) and ammonium (NH,) ions and as urea. In moist, warm, well aerated soils, the NO3; form
is dominant (Tisdale et al, 2003). Ammonium (NH,"), being readily adsorbed, is not easily
leached, but, under most normal conditions, its rapid conversion to NOs or organic forms
ensures that the amounts present are generally small (Williams, 1967). Steele and Vallis (1988)
in their own opinion submitted that under certain conditions, soil microflora can compete with
plants for NH4 and convert it into microbial proteins, thus immobilizing the N into an organic,
temporarily unavailable form. However, plants uptake of NHy4 proceeds best at neutral pH values
and is depressed by increasing acidity. Absorption of NHy ions by roots reduces Ca*", Mg®", and
K" uptake while increasing absorption of phosphoric ion (H,POy), sulphate ion (SO4>) and
chloride (CI') (Tisdale et al., 2003). They opined further that rhizosphere pH decreases when
plants receive NHy ion and are caused by hydrogen ion (H") exuded by the root to maintain
electro-neutrality or charge balance inside the plant. Differences in two pH units have been
observed for NHy4 versus NOs ion uptake in wheat. This acidification can affect both nutrient

availability and biological activity in the vicinity of roots (Tisdale et al., 2003).

The rate of NO;3™ uptake is usually high and is favoured by low pH conditions. When plants
absorb high levels of NOs', there is an increase in organic anion synthesis within the plant
coupled with a corresponding increase in the accumulation of inorganic cations (calcium (Ca),

magnesium (Mg), potassium (K)). The growth medium will become alkaline, and some carbonic
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ion (HCO3") can be released from the roots to maintain electro-neutrality in the plant and in the

soil solution (Tisdale et al., 2003).

Seasonal patterns of soil inorganic N has been reported by Mazzarino et al. (1991) and Turner
(1997) for natural grasslands. The low soil inorganic N early in the season was attributed to high
rates of plant N uptake at that time, as suggested by Wedin and Tilman (1990), and to the low
rates of soil N mineralization. Adequate soil moisture and temperature in the late season
together with slow growth rate and, consequently, low soil N uptake by the plants, may have

been the main reasons for the observed increase in soil inorganic N at that time.

The key to unlocking the tremendous amounts of nutrients that can be generated from NSC for
plant use depends in almost all cases on the microbial decomposition of these residues.
Microbial growth and activity within the heterogenous highly dynamic soil environment in
which many components are subject to rapid change and frequent fluctuations are controlled by
soil factors and residue factors (Parr and Papendick, 1978). Ellert and Bettany (1988) and
Vanderpitte et al. (1995) opined that N mineralization from NSC was not only a function of
substrate N concentration but also of the capacity of microbial community to adjust to substrate
quality and composition affecting their growth and activity. It has however been submitted that
N mineralization is unquestionably influenced by temperature, soil depth, moisture, space,
oxygen, pH and availability of substrate (Cassman and Munns, 1980; Stanford and Smith,

1972), all of which affect the growth and activity of microbial community.

With respect to the presence or absence of microorganisms required to mediate the process of
mineralization-immobilization, it is generally assumed that a varied suite of organisms is always

present and that processes should not be limited by the absence of a particular organism.
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However, following the commencement of conditions suitable for a process, there may be a
delay in end-products but an increase in specific microbial populations (Myers et al., 1994).
They submitted further that if moisture and temperature conditions are suitable, N
mineralization proceeds at a rate dependent upon the quantity and quality of organic matter.
Delays in mineralization occur following the resumption of appropriate moisture or temperature
conditions after prior conditions such as prolonged soil drying or extreme temperatures have
resulted in a population decline. Similarly, when there is a change in substrate availability (e.g.
when organic materials are added), there may be a delay in microbial proliferation. If the
nutrient content of the added material is low, but organisms are able to use the substrate as a C

source, net immobilization occurs.

Leeper (1964) submitted that information about the rate of NO;™ production in a soil can be
gained by soil sampling in the field at monthly intervals. Also, it can be achieved from test in the
laboratory for its ‘nitrifying power’ by incubating it in a moist state at a moderate temperature
(say 22°C) and analyzing it after two or three weeks for its NO;™ content. Furthermore, test may
be done on the untreated soil, or on soil to which a small amount of ammonium sulphate
[(NH4)2SO4] or blood (an easily attacked protein) has been added. He opined further that the
ability of the soil to nitrify its own protein is the most valuable of the three; it measures
simultaneously the quality of the soil’s organic matter — which may depend on its recent

treatment — and the efficiency of the ammonifying and nitrifying organisms.

2.10.2 Phosphorus in the Soil
Phosphorus (P) is one of the most limiting macronutrients in savannas (Lopez-Gutiérrez et al.,
2004b), where seasonality strongly affects nutrition processes. P availability in soils is

controlled by both the sizes of P pools and the transformation rates among these pools (Zou et
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al., 1992). Similarly, Jones and Wild (1975) and Uyovbisere (1979) submitted that the
availability of P status of savanna soils is a function of P content of the parent material which is

low for most of Nigerian savanna.

The total P is generally low with values ranging from 13 to 630 ppm. Average of about 100 to
400 ppm in savanna soils have been reported (Mokwunye, 1979). Of these amounts less than
10% is said to be in active/labile Al-P, Fe-P and Ca-P forms (Uyovbisere, 1979). It is generally
recognized also that organic P becomes available to plants only after it has been mineralized and
results of Eid et al. (1954) and Friend and Birch (1960) have shown that it may then be of
considerable importance in plant nutrition. However, changes in specific P mineralization with
change in water potential or temperature is not affected by fertilizer application (Grierson et al.,
1999). This suggests that although specific P mineralization could be greater in fertilized soils,
environmental control of P mineralization will be the same for both fertilized and unfertilized

soils.

In soils, P may exist in many different forms. In practical terms, P in soils can be thought of
existing in three “pools”; solution P, active P and fixed P (Busman et al., 2008). Solution P is
the immediate readily available form of P in soil and the soils tend to maintain an equilibrium
concentration of solution P with the adsorbed P (Van Noordwijk et al., 2004). Plants take up
inorganic P from the soil solution; P makes up only a minimum fraction of total soil P. Also,
solution P is rapidly replenished by P from labile inorganic P (P;) minerals and by biochemical
mineralization of labile organic P (P,). Tiersen (1991) submitted that the amount of P available
to plants is determined by the pool size of labile P;, the transformation rates between labile and

slowly reacting P; and the amount and cycling rate of mineralizable P,
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Knowledge about the role of micro-organisms in P cycling at conditions of constant soil
respiration rates and constant size of microbially bound P is lacking (Oehl et al., 2001);
although, numerous laboratory and field studies indicated the important role of microbially
bound P (Ppic) in soil P dynamics (Brookes ef al., 1984; Gijsman et al., 1997; McLaughlin ef al.,
1988a; Oberson ef al., 1996). Soil micro-organisms affect P dynamics by their activity (Stewart
and Tiessen, 1987; Tiessen ef al., 1984) and represent an organic P (P,) compartment which can

act as a sink and source of plant-available P (Macklon et al., 1997).

Microbial P consists of about 60% of nucleic acids, 20% acid-soluble inorganic P (P;) and
organic P-esters consisting of sugar and nucleotide esters and various phosphorylated co-
enzymes and polyphosphates, and less than 10% of phospholipids (Alexander, 1977; Stewart
and Tiessen, 1987). The proportion of P in inorganic or organic forms in micro-organisms
depends on the P concentration in the soil solution; the cell P content and the age of the cells

(Hedley and Stewart, 1982).

During the last two decades, Oechl et al. (2001) opined that several methods have been
developed to estimate Pp;. using fumigation extraction methods. Chloroform (Brookes et al.,
1982; Hedley and Stewart, 1982) or hexanol (McLaughlin ef al., 1986) have been recommended
as a fumigant. A few years ago, a fumigation-sorption-extraction method was proposed (Morel
et al., 1996), using deionised water for extraction and correction for sorption during fumigation
and extraction. P release from microbes occurs by P; and P, efflux (Maloney ef al., 1987) and by

microbial decay (Oehl et al., 2001).

The cycling of P includes geochemical dynamics and has received far less attention to the role

which this element plays in ecosystem processes. One of the major barriers to studies of P
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processes, they reported, is the inadequacy of available analytical techniques (Zou et al., 1992).
In contrast to N, the atmosphere does not provide P. Instead, orthophosphates, H,PO4 and
HPO,”, originate largely from primary and secondary minerals and/or from organic sources
(College of Tropical Agriculture and Human Resources, CTAHR, 2009). Rehm and Schmitt
(1993) submitted that HPO4™ ion dominates in calcareous soils and is the form of P absorbed
when crops are grown in the soil with pH greater than 7.0 while H,PO4™ ion dominates in acid

soils and is the ionic form absorbed when the soil pH is less than 7.0.

Zvomuya et al. (2006) submitted that there is evidence from recent studies that N and P indices
obtained by rapid fractionation methods can be successfully used as indicators of plant-available
nutrients in organic amendments. As Velthof ez al. (1998) demonstrated in a pot experiment that
plant availability of P from composts, manures, and plant materials could be predicted from
iron-oxide-extractable P. Furthermore, sequential P extraction has long been widely used to
partition extractable soil P into various functional inorganic and organic fractions (Chang and
Jackson, 1957; Hedley et al., 1982). Recently, the fractionation procedure developed by Hedley
et al. (1982) has been adapted and modified for sequential extraction of soil organic P (Ajiboye

et al., 2004; Dou et al., 2000; Sharpley and Moyer, 2000).

P availability in soils depends on P pool sizes, rates of geochemical P dynamics, and the rates of
biologically mediated P transformations. However, studies of P cycling in terrestrial ecosystems
have focused on the concentrations of soluble and particulate P fractionation scheme developed
by Hedley et al. (1982). Furthermore, many workers (Cole et al., 1977; Greb and Olsen, 1967;
Thompson et al., 1954) have cited mineralization rates for soil organic P, but there are few

reports specifically of the mineralization rate of plant organic P added to soil (Dalal, 1977).
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Similarly, several studies have related the P fractions in tropical soils to plant growth (Guo and
Yost, 1998; Oberson et al., 1999, 2000; Phiri et al., 2001a, and 2001b; Lehmann et al., 2001;
Buhler et al., 2002). The results obtained from these studies suggest that the P in different pools
are controlled by physicochemical factors such as sorption and desorption, and by biological
reactions such as mineralization and immobilization. However, hypotheses about cycling and
transformation in weathered tropical soils underscore the importance of organic P (P,) in
replenishing the plant available P pool (resin extractable P) in low fertilizer P input agricultural
systems (Tiessen et al., 1984). This is contrary to the findings of Harrison (1987) and Verhoeven
et al. (1990) who reported that P mineralization may play an important role in plant nutrition in

eco- and low input agrosystems.

Although, P release from recently added organic materials can be assessed during
decomposition studies (Palm et al., 1997; George et al., 1999), no accurate method for the
quantification of soil P mineralization has been established so far because of the high chemical
reactivity of P; (Frossard et al., 1996). In recent years, new analytical techniques have been
proposed to handle the problem of immediate P; sorption. Zou et al. (1992) used anion exchange
resins to extract P; recently released from P,. Frossard et al. (1996) used isotopic exchange
kinetics and changes in resin-extractable P; to evaluate the quantities of P mineralized after the
addition of specific P, compounds. Walbridge and Vitousek (1987) and Lopez-Hernandez and
Nifio (1993) applied isotopic dilution techniques to study gross soil P mineralization assuming
that P; release from non-labeled P, decreases the specific activity of soil solution measured in

the incubation experiment (SA) of P; in acid fluoride and resin extracts, respectively.

Although **P (McAuliffe et al., 1948) has been used to estimate net P mineralization rates

(Walbridge and Vitousek, 1987), information about gross P mineralization and immobilization
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rates that underlie such net rates has not been available. The lack of this important information
results largely from the limitation of analytical techniques (Zou et al., 1992). However, White
and Ayoub (1983) suggested that any benefit in P supply to be derived by a crop following the
addition of plant residues to soil will depend on the extent to which the crop can make use of the
plant P that has been adsorbed by the soil or immobilized by microorganisms. Since,
mineralization and immobilization is panacea to nutrient availability by micro-organisms, it

shall be subsumed hereunder.

2.11 Nutrient mineralization and immobilization

Mineralization and immobilization are the process of transformation of mineral elements in
complex organic molecules into simpler inorganic forms and again conversion of these
transformed simple products into complex combinations respectively (Biswas and Mukherjee,
2005). Nutrient release from organic inputs is more gradual and presumably more in synchrony
with crop nutrient demand than with the inorganic fertilizers (Kayuki and Wortmann, 2001).
Decomposition occurred more rapidly when the plant materials were incorporated compared
with surface application, but application method did not affect yields. Mineralization rates of N,
Ca and Mg were more dependent on their respective concentrations rather than on other plant
tissue characteristics. Plant materials generally contain inadequate P to be a source of nutrients
in balance with crop demand and maybe more effectively used in combination with inorganic P

(Kayuki and Wortmann, 2001).

Net mineralization consists of different processes: flush effects, basal mineralization, re-
mineralization (these three fluxes constitute gross mineralization), and biological immobilization
(Mary and Recous, 1994). Flush effects are caused by sequences of drying-wetting or freezing-

thawing (Chapin ef al., 1978; Mary and Recous, 1994). Basal P mineralization can be defined as
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the gross P mineralization in the absence of flush effects, that is, at constant soil respiration rate.
It presents the basal potential of a soil to deliver P; from P, to the soil solution. Re-
mineralization takes place due to recycling of microbial P during microbial death and predation
and signifies mineralization of recently synthesized P,. Biological P immobilization corresponds

with the assimilation of P by soil microbes (Oehl et al., 2001).

All three P mineralization processes include biological and biochemical processes. Biological P
mineralization occurs when cell P; from decaying cells is released to the soil solution and when
P, compounds are hydrolyzed on the outer surface of the living cell membranes (Burns, 1982).
The latter is driven by the micro-organisms’ need for energy (McGill and Cole, 1981) and for P
(Lughtenberg, 1987; Halvorson and Nakata, 1987). Biochemical P mineralization is driven by
phosphatase exoenzymes (Burns, 1982; Sinsabaugh et al., 1993). Since the functionality of the
exoenzymes may be kept through stabilization by sorption and association on soil compounds
(Leprince and Quiquampoix, 1996; Burns, 1982), biochemical P mineralization may occur in the

absence of biological activity (Zou et al., 1992; Seeling and Zasoski, 1993).

Barak et al. (1990) reported that the net mineralization of both C and N were S-shaped functions
of time, indicating that simple first—order substrate-dependent kinetics were not applicable.
Also, they observed that the net mineralization of C and N were strongly correlated with each
other and reflect the C/N ratio of the substrate and the C/N ratio and microbial efficiency of the
microbial biomass. High quality residue would lead to greater mineralization of nutrients while
low quality residue would contribute more to aggregate stability (Agbim and Adeoye, 1991).
Crop residue management should therefore aim at synchronizing N release pattern with plant
growth demands. Smith and Sharpley (1990) reported that to avoid appreciable suppression of

soil N mineralization and concurrently supply the needs of soil microbes during crop residues’
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decomposition, minimum N residue contents of 1.5 to 1.7% (C/ N ratios of 30:25) have been

suggested (Allison, 1973).

It was submitted further that an initial depression in net N mineralization of both indigenous and
fertilizer-derived soil organic N may occur with non-legume residue additions, and the
depression is enhanced when the residues are incorporated rather than left on the soil surface.
Moreover, the relative depression is greater with the newly formed, fertilizer-derived soil N than
the older, indigenous soil N. This, Smith and Power (1985) attributed to the newer soil N being
more labile which is preferentially appropriated by the soil microbes in decomposing crop

residues.

2.11.1 Mineralization and immobilization of phosphate

In an average soil, approximately 50% of total P is organic. Thus, soil organic P is a very
important aspect of the P cycle (CTAHR, 2009). This P fraction however becomes available for
plant uptake after it is mineralized (Richardson et al., 2000). It has also been reported that P,
mineralization supplies significant amounts of plant P in grasslands (Cole ef al., 1977), and
perhaps in some perennial (Havlin ef al., 1984) and organic (Oehl et al., 2001) agricultural
systems. The various sources of organic P include phytin, nucleic acids, and phospholipids. Like
N, organic P is converted to inorganic phosphate (PO4) through the process of mineralization.
The immobilization of inorganic PO,, in contrast, is the reverse reaction of mineralization.
During immobilization, micro-organisms convert inorganic forms to organic PO4, which are then

incorporated into their living cells (Oehl et al., 2001).

Organic P mineralization results in the accumulation of plant-available P in soils, and this

increases the potential for P loss and degradation of aquatic system (Zvomuya et al., 2006).
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Therefore, regardless of the condition of organic material when soil-applied, there is a need to
develop practical methods of predicting plant P uptake from the amendments to better manage P
addition for reduced pollution of sensitive ecosystems. P availability from amended-soil can be
measured directly using crop uptake in pot and field experiments or indirectly using laboratory
incubation of the amendments in soil (Eghball ef al., 2005). However, these field and laboratory
studies have limited practicability because they are time consuming and laborious (Zvomuya et

al., 2006).

Mineralization and immobilization of P occur simultaneously in the soil. Ultimately, the C: P
ratio determines whether there is net mineralization or net immobilization. When the C: P ratio
is less than 200: 1, the net mineralization prevails. This indicates that there is enough P in the
soil to sustain both plants and micro-organisms. However, when the C: P ratio is between 200: 1
and 300: 1, the net immobilization and mineralization rates are fairly equal. But, when the C: P
ratio is greater than 300: 1, net immobilization occurs. During immobilization, there is not
enough P to sustain both plants and micro-organisms, and so, micro-organisms scavenge the soil
for P (CTAHR, 2009). Nye and Bertheux (1957) also suggested that high C: P and N: P ratios

maybe a characteristic of P-deficient regions.

Barrow (1960) affirmed that mineralization of one element also depended on the concentration
of the others. Freney and Spencer (1960) and Hesse (1957) observed that the application of
inorganic sulphur (S) resulted in an increase in the mineralization of organic S. Consequently,
Freney and Spencer (1960) suggested that this effect might well equally apply to other
constituents of organic matter (e.g. N and P) and that this would be one of the several beneficial
results arising from a more rapid turnover of organic matter. Birch (1961) found that non-

extractable plant P, was not mineralized during three months’ incubation. This was also taken as
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a first approximation by White and Ayoub (1983) in their study, except that there was a slight
increase in the extractable soluble inorganic (P;) and organic (P,) in the first 24 hours, before
any microbial uptake of P had occurred. This was attributed to hydrolysis of organic phosphates

by plant phosphatases, which Barrow (1960) referred to as “premature mineralization”.

The significance of the effect of temperature and N and P fertilization on the mineralization of
organic P to peasant agriculture cannot be over-emphasized (Acquaye, 1963). This could be
attributed to the role it plays in P availability; and the organic P may be visualized as a reservoir
for the supply of available inorganic P. Black and Goring (1953) has pointed out that this self-
fertilization, arising from the return of organic P in the litter and its subsequent mineralization,
constitutes the primary means of increasing P availability from the low level usually found in
parent materials. This sort of turnover can be substantial in tropical soils, especially in regions
where rains are preceded by a drought (Acquaye, 1963). Thompson et al. (1954), however,
submitted that because of the fast rate of mineralization under tropical conditions the greater
fraction of the organic matter is probably in the form less susceptible to mineralization. The
resistance of organic matter to mineralization increases with the degree of decomposition and
the increase in resistance is greater with organic P than with organic N (Thompson and Black,
1950). The effect of P and N fertilization appears therefore not only to improve the N and P
contents of the litter and thus its mineralization, but also to enhance the mineralization of the

organic matter already present in the soil (Acquaye, 1963).

Decomposition processes can further increase P availability by releasing CO,, which forms
H,COs in the soil solution, resulting in the dissolution of primary P-containing minerals (Tisdale
et al., 2003). Also, organic acids released during decomposition may help dissolve soil mineral

P (Sharpley and Smith, 1989). In soils with high P-fixing capacities, organic compounds
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released during decomposition processes may increase P availability by blocking P-adsorption
sites (Easterwood and Sartain, 1990) or via anion exchange (Kafkafi ef al., 1988). Some amino

acids, however, can increase P availability by blocking P-adsorption sites (Kafkafi ef al., 1988).

Adding plant residues to soil can increase soil test P (Black, 1973; Bumaya and Naylor, 1988;
McLaughlin et al., 1988a; Li et al., 1990; Vanlauwe et al., 2000), increase P, (Dalal, 1979),
increase P uptake by succeeding plants (Blair and Boland, 1978; Till and Blair, 1978; Dalal,
1979; Thibaud et al., 1988; Vanlauwe et al., 2000), and decrease soil P sorption (Singh and
Jones, 1976; Bumaya and Naylor, 1988). However, plant P availability do not always increase
following green manure incorporation (McLaughlin and Alston, 1986; Groffman et al., 1987,
Bumaya and Naylor, 1988; McLaughlin et al., 1988b) since the soil microbial biomass and soil
sorption processes compete for available P (Cole et al., 1977; White and Ayoub, 1983).
Similarly it was reported that the addition of organic P is expected to increase the mineralization
of soil organic P (Acquaye, 1963 and Fabry, 1963). During the decomposition of organic
materials, there is usually initial luxury absorption of inorganic P by soil micro-organisms in the
soil receiving high levels of soluble PO4, which is then followed by enhanced mineralization of

organic P as incubation proceeded (Enwezor, 1966).

The PO4 contained in crop residues, or in green manure ploughed into soil, can increase total
soil P considerably (White and Ayoub, 1983). But published results on the efficacy of such
materials in increasing the availability of P to a subsequent crop are remarkably inconsistent,
whether availability is measured by chemical extraction (Chauhan et al., 1979, 1981; Floate,
1970) or by plant uptake of P (Burnett and Tackett, 1958; Floate, 1970). This situation arises for
one or more of the following reasons: (a) the use of materials of widely different C: P ratio

which affects the kinetics of microbial immobilization and remobilization of inorganic P during
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their decomposition (Birch, 1961; Enwezor, 1966); (b) the possibility that decomposition
products (organic acids and anions) may have altered the availability of native soil P (Nagarajah
et al., 1970; Struthers and Sieling, 1950); (c) variable mineralization of resistant organic P
compounds in the residues (Dalal, 1977); and (d) differences in the P sorption characteristics of
the soils used (Singh and Jones, 1976). Most studies report that net P immobilization occurs
when the total P concentration of plant tissues incorporated into soil is below 2 to 3 g kg™
(Yadvinder-Singh et al., 1992), although Bumaya and Naylor (1988) reported that net P

mineralization occurred when plant tissue P concentrations were as low as 1 g kg™.

The factors affecting mineralization and immobilization of P are the same as that which affect N
mineralization and immobilization: temperature, moisture and aeration (CTAHR, 2009). Plants
debris containing higher amounts of lignin is resistant to microbial attack and hence
mineralization proceeds slowly in organic materials like sawdust (Microsoft student with
Encarta Premium 2008 DVD). The lignin content plant-residues may therefore serve as an index

of the vulnerability of organic residues to microbial attack.

2.11.2 Mineralization and immobilization of nitrogen

A major difficulty in measuring N mineralization in the field is the leaching of nitrate (Hadas et
al., 1989). The effect of sub-optimal moisture and temperature on the rate of N mineralization
has been established in laboratory studies (Stanford et al., 1973; Stanford et al., 1975; Stanford
and Epstein, 1974) and can be accounted for quantitatively. Hitherto the few studies on
incorporated neem seed residue in Nigeria ignore this crucial factor. However, it is important for
nitrate movement study to employ techniques which replaces soil samples at their original

location in polyethylene bags, thereby disturbing the soil (though not dried, crushed or stored)
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and incubating under the varying temperature and aeration conditions of the field (Smith et al.,

1977; Westerman and Crothers, 1980).

Production of NOs3-N has often been used as the indicator of net mineralization in soils
(Cassman and Munns, 1980; Hadas et al., 1989) as NH4-N concentrations in aerated soils have
been found to be small and constant during crop growth (Harmsen and Van Schreven, 1955).
The process in which inorganic N is transformed into organic N is defined as N immobilization
(Jansson and Person, 1982). The aim of agricultural N management is to enhance net N
mineralization at times when plants need N and to synchronize soil N mineralization (N release)
with uptake by the plant (Campbell et al., 1995; Murwira and Kirchmann, 1993).

Nutrient mineralization patterns during decomposition of organic materials are related to the
chemical composition, or quality of the organic inputs (Heal ef al., 1997); climatic conditions;
soil physicochemical environment; and the nature of the soil organisms (Swift et al., 1979).
Quality characteristics of the organic materials include concentrations of N, lignin, cellulose,
hemicellulose, and water soluble C as well as C/ nutrient and lignin/ N ratios (Berg and Staaf,
1981; Melillo et al., 1982; Melillo and Aber, 1984; Reinertsen et al., 1984; Haynes, 1986;
Kachaka et al., 1993). Shiga (1997) opined that the rate of N mineralization is not always related
to the C/ N ratio of organic materials. Although, the rate of decrease in C in organic materials
are almost the same as that of N in materials with a C/ N ratio of about 10 (Shiga et al., 1985);

materials with a high C/ N ratio usually have the decrease in C to be greater than that of N.

Nitrogen mineralization can be defined as the process by which soil organic N is transformed
into the inorganic forms, NH; or NH,', by micro-organisms (Jansson and Person, 1982). If
environmental conditions are not limiting, the NH," is oxidized to NO;™ almost as rapidly as it is

formed (Schmidt, 1982). Thus, NOs-N is usually the dominant form of plant-available N in most
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arid and semiarid regions (Kaboneka et al., 1997). Also, Hadas et al (1989) submitted that the
concentration of NH," in the soil studied was very low and did not change with time, therefore,

NOs-N concentrations represent the accumulation of mineral N in the soil.

N mineralization is usually attributed to the surface layer of soils where organic N levels are
high (Hadas et al., 1989). It has however been detected also from deep soil layers in incubation
experiments (Cassman and Munns, 1980; Hadas et al., 1986). Aerobic or anaerobic laboratory
incubation techniques under controlled temperature and moisture conditions have been used to
estimate the soil microbial potential to mineralize N. In such incubated samples of subsoil
layers, aeration levels and soil bulk densities will favour the microbial processes in situ

conditions in the field, thus increasing the rate of N mineralization (Hadas et al., 1989).

These techniques provide information on the microbiological, substrate, and environmental
factors that regulate mineralization-immobilization processes. However, there are discrepancies
between estimates of net N mineralization estimated by laboratory techniques and from field N
budgets (Ma et al., 1999). Since, N mineralization is mediated by soil micro-organisms; it
depends on the quantity and quality (i.e., chemical composition) of the substrate, which could be
organic matter from processed crop residues e.g. NSC as well as on soil environmental
conditions such as moisture and temperature (Goncalves and Carlyle, 1994). Owing to the
relevance of soil N mineralization from the microbiological mineralization of N bound in
organic matter or detritus, the evaluations of mineralizable soil N — total N content as well as

organic matter in the soil are pertinent.
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2.11.3 Mineralizable soil N — total N content

According to Harmsen and Van Schreven (1955), the total N contents of soils differing in type
provide little indication as to the relative capacities of the soils to supply N. However, they
submitted that N released during incubation is derived from rather ill-defined and variable
organic N sources. Most plant-available N in soils is derived from the microbiological
mineralization of N bound in soil organic matter or detritus. Mycorrhizal fungi and plants are
also capable of utilizing simple organic N compounds (Lundeberg, 1970; Stribley and Read,
1980; Read, 1983), but the significance of these for total N uptake by plants under field
conditions is unknown. Slow rates of N mineralization often limit plant growth resulting in large

growth responses to N fertilization.

Quantification of the relationships between soil N mineralization and other ecosystem processes
has been restricted by the lack of suitable methods to measure N mineralization under field
conditions (Raison et al., 1987). A number of techniques have been used to measure field rates
of N mineralization or to obtain an index of them, but it has been impossible to assess the
reliability of results because of the unknown effects of assay conditions (especially soil
disturbance) on rates of mineralization in differing soils. There is no reference method which is
known to measure mineralization rates accurately under field conditions. Some would argue that
it is impossible to precisely measure these because all methods rely on measuring accumulation
of mineral-N in the absence of active roots, and that to achieve this there will be some alteration

to soil physical structure, moisture content and rhizosphere processes.

Disturbance of the soil due to cultivation has been reported (Sylvester-Bradley et al., 1988) to
result in a dramatic release of available soil N two or three months later in acid savanna soils. In

the absence of disturbance, virtually the entire mineral N in soils is present as NH4', and
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nitrification, which led to substantial leaching losses of NO3", occurred at significant rates only
in soil which had been cultivated (Giller and Wilson, 1991). They submitted further that the
reason for lack of mineralization and nitrification in undisturbed savanna soil is not fully
understood. However, soil disturbance may stimulate mineralization by allowing better aeration
of the soil or by creating more exposed surfaces available for microbial attack. This implies that

O, is a major limiting factor for mineralization in undisturbed soils.

While N uptake by plants must remain the best measure of N-supplying capacity of soils, this
approach (Raison et al., 1987) will only be useful for studying short-term N dynamics.
Measurements of N mineralization under controlled laboratory conditions provide an estimate of
the pools of mineralizable N present at the time of sample collection. These pools are however,
replenishable under field conditions as a result of inputs of organic N from root and above-
ground litter and the slow transformation of the more resistant pools of soil organic N.
Laboratory measures of mineralization, especially on disturbed soils, can be an unreliable index

of field rates (Lamb, 1980; Hart and Binkley, 1985).

The pattern of soil N mineralization may indicate changes in microbial activity, substrate
availability or the balance between gross mineralization and immobilization (conversion of
inorganic soil N into organic N). N mineralization is unquestionably influenced by temperature,
soil depth, moisture, porosity, oxygen, pH and availability of substrate (Cassman and Munns,

1980; Stanford et al., 1974).

Methods used to measure or estimate patterns of N mineralization under field conditions include

the following:
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i.  Exposure of disturbed soil in plastic bags buried in the field (Eno, 1960; Runge, 1974;
Westermann and Crothers, 1980; Vitousek and Matson, 1985);

ii.  Exposure of relatively undisturbed soil columns enclosed in plastic bags under field
conditions (Virzo De Santo et al., 1982; Nadelhoffer ef al, 1983, 1985; Matson and
Boone, 1984). Rapp et al (1979) isolated soil columns within thin metal cans pushed into
the solum, and Adams and Attiwill (1986) used capped PVC tubes for this purpose;

iii.  Measurement of mineral N collected by ion exchange resins placed in the field for
extended periods (e.g. Binkley and Matson, 1983; Hart and Binkley, 1985);

iv.  Determining the effects of varying temperature and moisture on N mineralization in
disturbed soils, and then assuming that these relationships can be linked to field
fluctuations in these variables during the year — i.e. modeling approach (Cameron and
Kowalenko, 1976; Marion et al., 1981; Macduff and White, 1985).

However, of all the above methods, (ii) appears most suitable as it gives reliable measure of net
N mineralization in soils (Nadelhoffer et al., 1985). Use of relatively undisturbed cores (soil-
litter systems) also enables measurement of the significant contributions of macro- and
microfauna made to N mineralization from litter (Anderson et al., 1985), microbial biomass
(Ingham et al., 1985) or the important pools of labile N held in light fractions of soil organic

matter (Sollins et al., 1984).

Measurement of N mineralization potentials by incubation in controlled environment began in
the 1940s and has been widely used ever since (Harmsen and Lindenbergh, 1949). These
methods allow determination of potential N availability; however, they are carried out in ideal
environmental conditions and may overestimate site processes. Eno (1960) introduced the in situ
buried bag incubation technique. While this method incorporates in situ soil temperature

variations into estimates of net N mineralization and nitrification, soil moisture remains
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uncharged during the incubation period. Adams and Attiwill (1986) developed the in situ
covered core method for soil mineralization measurements. Their system used unperforated
PVC tubes covered with Petri-dishes, which allowed soil moisture as well as temperature to

equilibrate with the surrounding soil environment.

As a result of field temperature fluctuations, Carlyle and Malcoln (1986) found greater rates of
net N mineralization for laboratory-incubated soil samples than for in situ samples. Matson and
Vitousek (1981) in their laboratory incubations observed that as soil moisture increased from 15
to 35%, net mineralization also increased. However, soil moisture content did not change in the
buried bags, making the initial moisture levels important. However, in soil, clay has a significant
influence on protein decomposition. Clay particles of montmorillonite, for example, having high
specific surface area, adsorb the proteolytic enzymes which are extracellular and decrease their
biochemical activity but kaolinite with low surface area does not (Biswas and Mukherjee, 2005).
It could thus be inferred from the aforesaid that soils of the Northern Guinea Savanna of Nigeria
being studied, with low surface area, will have an increased net mineralization since they do not

adsorb the proteolytic enzymes.

2.12 Nutrient mineralization and crop growth

The turnover of plant residues and the N contribution to subsequent crops may not only be
influenced by residue parameters such as the quantitative input and residue quality (Mayer et al.,
2003). During the decomposition process, the growth of subsequent crops will compete with the
microbial biomass for N and other nutrients (Kaye and Hart, 1997), leading to a differentiation
in the decomposition process compared to a non-cropped soil (Bottner et al., 1999). Plants also

affect the residue turnover by excreting easily available organic C and N compounds which can
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interact directly with the microbial biomass and affect its size, activity, turnover rate or

physiological status (Korsaeth ef al., 2001).

These interactions can have direct effects on the C and N mineralization of the native SOM and
the decomposition of plant residues. Beside well-known adaptation mechanisms for nutrient
acquisition such as root morphology, mycorrhiza or release of organic acids and
phytosiderophores (Jones, 1998; Marschner, 1995), plants are able to influence the mobilization-
immobilization turnover in soils (Cheng and Coleman, 1990; Kuzyakov et al., 2000; Zagal,
1994) and on top of that might be differences between plant species (Van der Krift et al., 2001).
This might lead to differences in competitiveness for mineral N, N immobilization-
mineralization and residue N recovery after incorporation of plant residues by contrasting

succeeding plant species.

Several authors have reported that above-ground residue incorporation causes an increase in
microbial C and N contents followed by a subsequent decrease (Bremner and Van Kessel, 1992;
Bending and Turner, 1999; Bending et al., 1998; Jensen, 1994a, and 1994b, Jensen et al., 1997).
Several incubation procedures permit precise measurement of C- and N-mineralization kinetics
and evaluation potentials of plant residues under standardized conditions (Quintana et al., 1988).
The rate of decomposition of plant residues is in fact related to their C: N ratio (Parr and
Papendick, 1978; Jenkinson, 1981) and also to the plant biochemical composition, i.e., lignin,
cellulose or soluble carbon contents (Iritani and Arnold, 1960; Herman et al., 1977,
Frankenberger and Abdelmagid, 1985). Gonzaga (1988) reported that under field conditions, the
recovery of plant-residue N by succeeding crops maybe extremely variable; being influenced by

residue type, residue management, soil environmental conditions and climatic parameters.

48



After nitrogen stress, phosphorus is the second most widely occurring nutrient deficiency in
cereal systems around the world (Ortiz-Monasterio ef al., 2002). Many soils have large reserves
of total phosphorus, but low levels of available phosphorus. Al-Abbas and Barber (1964)
reported that total P is often 100 times higher than the fraction of soil P available to crop plants.

The activities of soil microbes in relation to nutrient mineralization shall be discussed.

2.13  Effect of soil microbes on substrate decomposition and nutrient release pattern.

The chemical processes that take place within the soil are, for the most part, dependent on the
activities of living organisms. High quality organic matter content provides readily available N,
energy (carbon), and nutrients to the soil ecosystem, and help retain mineral nutrients (N, S,
micronutrients) in the soil and make them available to plants in small amounts over many years

as it is mineralized (Arihara, 2001).

One of the chief activities of microorganisms is the mineralization of organic matter. The
mineralization of organic matter is the breaking down of plant or animal organic materials into
simple inorganic elements or compounds through the activities of the various organisms (Millar
et al., 1965). While the physical and chemical changes which organic materials undergo when
changed to simple compounds by soil organisms are termed decomposition. Soil microbes are
valuable not so much because they supply nutrients directly, but because they enhance the
synchrony of plant nutrient demand with soil supply by reducing large pools of free nutrients
(and consequent nutrient losses from leaching and denitrification). Thus, microbes maintain a
buffered, actively cycled nutrient supply (Snapp, 1995). In addition, OM increases soil flora and
fauna (associated with soil aggregation, improved infiltration of water and reduced soil erosion),
complexes toxic Al and manganese (Mn) ions (leading to better rooting), increases the buffering

capacity on LAC soils, and increases water-holding capacity (Arihara, 2001).
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The increase in the relative amount of N in organic residues after decomposition can only be
explained by the fact that the nitrogenous complexes are rendered resistant to further rapid
decomposition (Millar et al., 1965). This was attributed to the protein molecules which was
believed can adsorb onto the surface of clay minerals and inhibit decomposition, and enzyme
that decompose proteins which might also be adsorbed by clay minerals so that the proteins are
less susceptible to decomposition. Consequently, it could be inferred that soils high in clay tend
to have high organic matter content and explains the low organic matter content characteristics

of the Northern Guinea Savanna soils with LAC.

Generally speaking, coarse-textured soils (sands) are lower in organic matter than the fine-
textured soils (clays, clay loams and so forth) because the sandy soils do not support dense
vegetative growth, because they have better aeration, which promotes more rapid
decomposition, and because they are more subject to leaching losses (Leeper, 1964). Since, most
of the organic matter is found in the topsoil, any erosion that occurs will result in significant
organic matter loss. Furthermore, it is the topsoil that is disturbed by various tillage operations,

which greatly increase the loss in organic matter and N.

Also, the organic matter content of sand fractions is generally dominated by plant debris
(Christensen, 1987) which exhibits weak stability while that associated with fine fractions (e.g.
silt, clay) corresponds, in contrast, to relatively stable components, microbial biomass, and
metabolic compounds (Jocteur Monrozier et al., 1991). It has been shown (Shields and Paul,
1973; Reid and Goss, 1982; Sparling et al., 1982; Christensen, 1985) that the presence of
growing plants slows down or decreases the decomposition of organic residues. In contrast,

other authors (Bottner et al., 1984; Clarholm, 1985; Billes et al., 1986) found that the presence
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of living roots increased the biodegradation of residues or mineralization of the native soil

organic matter.

Several hypotheses have been proposed to explain the depressing effect of plant cover. For
Shields and Paul (1973), Jenkinson (1977b) and Christensen (1985), plants modify the soil
environment (aeration, temperature or moisture) which affects the decomposition processes.
Other possible factors suggested by Reid and Goss (1982) are: Competition between roots and
soil microbes for the labeled residues; inhibition of microbial activities by materials produced by
roots or by rhizosphere; increased predation around roots of microbes that might otherwise have
utilized labeled substrate; and utilization of soil microbes of fresh materials released from the
roots in preference to the labeled plant residues. Organic matter (SOM) is related to crop yields.
SOM is derived from plant and animal tissues by decomposition reactions (Donald, 1952).
These reactions are the life process reactions of soil organisms, and two of the principal end
products, CO, and NOs;-N, are essential for the growth of higher plants (Dawson, 1952). The
replacement of NOs-N is largely from decomposition of SOM while that of CO, is also partly
from this source. Donald (1952) submitted further that since, the amount of SOM is proportional
to the amount of organic carbon (OC); the C/N ratio is proportional to the reciprocal of the

amount of soil N expressed as a fraction of SOM.

Studies of variations in the C/N ratio have shown that these variations can be interpreted as
follows: low ratios of C to N, 10 or smaller, in SOM tend to indicate an advanced stage of
decomposition, resistance to further microbiological decomposition, and liberation of NO3-N in
any further decomposition that may occur; large ratios of C to N, 20 or larger, in SOM tend to
indicate little decomposition, susceptibility to further and rapid decomposition by soil

organisms, competition between organisms and higher plants for existing NO3-N and little, if
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any, liberation of NO;-N by decomposition reactions until the C/N ratio is reduced to 15 or

lower.

The oxidation of SOM liberates P and other inorganic ions as well as CO, NH3 and NO,.
Watsman (1938) submitted that organic P contents of soils are related to their C contents; the
amount and nature of SOM has considerable influence on the availability of P for the growth of
higher plants; and some P compounds, phytin for example, are readily decomposed by soil

organisms; others are more resistant to decomposition.

The amount of organic matter in a soil is a function of the amount of organic matter it received
in the past and of the rate at which this input has decayed (Jenkinson, 1977a). The loss of
organic matter from a soil is usually represented by a first order process in which the organic
matter (or various fractions of it) decays exponentially. However, laboratory incubation studies
have shown that high-quality residues (e.g., narrow C/N ratio, low lignin) supplied in
conjunction with low-quality residues (e.g., wide C/N ratio and/or high lignin’s) can provide a
continous nutrient supply, with N being released from high-quality residues first (Snapp, 1995).
Preliminary indications are that plants with high lignin’s, polyphenolics, and other anti-quality
factors may not release nutrients for many growing seasons, and thus these residues may be
undesirable to use as organic soil amendments (Myers et al., 1994). Owing to the quantitative
knowledge of the decomposition behaviour required for proper management of organic

materials, an overview of decomposition studies shall be subsumed.

2.14 Decomposition Studies
Decomposition is a cascading process whereby primary dead organic matter experiences a

succession of physical and chemical transformations in the soil, leading to mineralization of part

52



of the material, and the storage of resistant compounds such as ‘humus’ (Swift et al., 1979). It is
mainly a biological process carried out by insects, worms, bacteria and fungi both on the soil
surface and in the soil; being a biological process carried out primarily by bacteria and fungi, its
speed is affected by temperature and soil moisture. Generally, decomposition increases
exponentially with temperature (Sewanee and Simmons, 2003). Soil moisture effects are a little
more complicated, since decomposition is inhibited in very dry soils because bacteria and fungi
dry out; while in very wet soils, it is slow. This Sewanee and Simmons (2003) attributed to the

anaerobic conditions developed in saturated soils.

Also, it can be described as an ecological process that recycles dead tissues, mainly from
primary production, into nutrients in the soil (Berg and McClaugherty, 2008). This ecological
process is a function of soil abiotic (moisture, temperature, O,/CO redox potential, pH, N, P,
etc), and biotic (microbial biomass, functional diversity) properties. Consequently, quantitative
knowledge of the behaviour of these residues under the prevailing set of factors influencing the
decomposition process (climate, soil properties — clay content, nutrient statues, etc.), substrate
quality — N concentration, lignin content, and C: N ratio (Moorhead et al., 1999), macro
organisms and microorganisms is panacea for proper soil management. The decomposition of
organic materials in soil has been widely investigated using the containment systems such as the
litterbag technique (Weider and Lang, 1982; Anderson and Ingram, 1993; Lehman et al., 1995;

Thonnissen et al., 2000).

The litterbag technique is simple, convenient, easily replicable and non-destructive in character
(Heal et al., 1997; Vanlauwe et al., 1997). It consists of enclosing plant material of known mass
and chemical composition into a screened container. Initially, a large number of bags are buried

in the field and at each sampling date, a randomly chosen set of bags are retrieved and analysed
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for loss of mass and chemical composition of the litter (Weider and Lang, 1982). This technique
enables recovery of residual experimental material without affecting variables that regulate the
decomposition process (Anderson and Ingram, 1993; Lehman ef al., 1995). Although, this
technique may under estimate actual decomposition (Weider and Lang, 1982), the results of the
technique however reflect trends characteristic of the unconfined organic inputs and as such,
allow for relative comparisons of the decomposition of different organic materials (Vanlauwe et

al., 1997).

Modeling of the dynamics of plant residue or soil organic matter decomposition in the field
requires meaningful mathematical expressions for the biological, chemical and physical
processes involved. Weider and Lang (1982) reported that two analytical approaches are
commonly used to examine analytical data. One involves the comparison of treatment means by
some parametric statistical procedure while the other involves fitting mathematical models to
estimate constants that describe the loss of mass (or nutrient) over time. The sequence of the
mass loss over time follows an initial rapid breakdown of plant amendments (small soluble C
molecules, like starches and amino acids) then, the longer period of slow decomposition
(breakdown of lignin) which results in a mass loss curve that resembles an exponential decay

constant (Sewanee and Simmons, 2003).

Moorhead et al. (1996) distinguished three groups of decomposition models: (i) empirical
models, which are mostly statistically based and are often useful for predictions, but are limited
to the range of data from which they were developed; (ii) mechanistic models, which are often
analytical in nature, using a system of equations to describe complex processes. These types of
models have proven very useful for gaining insight into ecosystem behaviour, and for

developing and testing general theories; and (iii) simulation models on the other hand, are
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created to simulate the behaviour of a system, in a way that allows researchers to manipulate
initial conditions, or other aspects of the model, to investigate outcomes. Simulation models may
use a combination of empirical and mechanistic models to achieve its goal. One of the
challenges facing those who model decomposition is the large number of factors that influence
the rates and patterns of litter decomposition. Thus, a single model, or relatively simple
approach would not likely give a generally applicable description of the decomposition process.

Consequently, the review of a number of models shall be subsumed.

2.15 Decomposition models

The most frequently used model to describe decomposition is the single exponential decay
function, first proposed by Jenny et al. (1949) and discussed in detail by Olson (1963). The
appeal of this exponential model arises from the fact that a single constant, k., characterizes the
loss of mass, thereby facilitating comparisons with other data sets and simplifying attempts to

model the accumulation of organic carbon in soils (Olson, 1963; Oohara et al., 1971).

The single exponential model assumes that (1) the absolute decomposition decreases linearly as
the amount of substrate remaining declines, or (2) the relative decomposition rate remains
constant (Weider and Lang, 1982). This assumption corresponds with current knowledge and
understanding of the biology of litter decomposition. However, because of the two-step nature
of decomposition dynamics the single exponential decay model has been modified to the double
exponential decay model.
e The double exponential model:
W;

— =AM+ (1-A) ™ (Hunt, 1977).
W
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Where W, is the amount of initial mass (W,) remaining at time t; W, is the mass at time zero; A
and (1 — A) are the labile and recalcitrant fraction of the organic material while k1 and k2 are the
decay constant at the 1% (labile fraction) and 2" (recalcitrant fraction) compartment
respectively. This model assumes that the biomass of organic materials can be divided into two
components, a relatively easily decomposed or labile fraction (A), and a more recalcitrant
fraction (1 - A). Each fraction decays exponentially at rates characterized by k; and k;,
respectively; total decomposition is represented by the losses from each fraction.
e The asymptotic exponential model:
W;
T =Cat(1-Cye™ (Weider ef al., 1983)
W,
Where C, and (1 — C,) represent the labile and the recalcitrant fractions respectively.The
asymptotic model is a modification of both the single- and double exponential models, where
the model tends towards a positive constant rather than zero as in the former, or the recalcitrant
fraction is completely resistant to decay (i.e. k> = 0) as in the latter.
e The linear model:
W
=C;—kt (Grigal and McColl, 1977).
W,
The linear model assumes that the absolute decomposition is constant throughout the
decomposition process, while the relative decomposition increases with time. These assumptions
are difficult to justify biologically (Weider and Lang, 1982). Other less commonly used models
are:
¢ Quadratic model (Pal and Broadbent, 1974)

e Power model (Howard and Howard, 1974) or modifications of the equations to permit

more accurate estimates (Talpaz et al., 1981).
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Weider and Lang (1982) consider the exponential models to be the most realistic in terms of
both mathematical and biological behaviour. Several other workers have similarly found that the
negative exponential is a useful descriptor to define the rate of decomposition (Budelman, 1989;
Mugendi et al., 1994; Heal et al., 1997; Thonnissen et al., 2000). Thus, most studies report the
decomposition constant & from the negative exponential function:

W,
= Woe™ (Jenny et al., 1949; Weider et al., 1983).

W,
Where W, is the amount of initial mass (W,) remaining at time ¢, and £ is the rate constant; or as
the regression function:

loga (Wi / Wo) = logaWo™  (Anderson and Ingram, 1993).

The log transformation of the exponential model (W;/ W, = e™), allows for direct statistical
comparisons of slopes, intercepts and residual variances using analysis of covariance techniques
(Snedecor and Cochran, 1978). The value of the decomposition constant k, determines the rate
of decomposition. Thus, the larger the value of k in the exponential model, the faster the rate of
decomposition. However, during early decomposition, good quality litter is decomposed rapidly
(Preston et al., 2000). Also, significant litter mass is lost through leaching of soluble
compounds, which include some decomposition — retarding chemicals such as tannins, further

enhancing decomposition (Trofymow ef al., 2002).

Experiments both in the laboratory and field have shown that the decomposition rate constant &
describing the decomposition of plant material is nearly always independent of the quantity
added if the C addition does not exceed 1.5% of the soil dry weight. Higher addition rates can

alter the soil characteristics and slow down decomposition. Decomposition has been found to
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depend on organic material C, N, lignin, and carbohydrate composition. One method of
expressing this dependence involves that used by Herman et al. (1977), where

% carbohydrate

CO; evolved =
C/ N residue x % lignin.

It is pertinent to note however that only a portion of the actual decomposition is accounted for
when determining the decomposition rate by measuring CO; output or the amount of C left in

the soil.

The rate of decomposition of crop residue in soil is a function of the intrinsic quality of the
substrate (the chemical constituents of the residue), extrinsic factors related to the environmental
conditions in which decomposition occurs (temperature, moisture, soil properties) and the nature
of the microbial communities involved (Swift et al., 1979; Cadisch and Giller, 1997). On a
global or broad regional scale, temperature and precipitation are largely responsible for
determining the rate and extent of decomposition (Swift et al., 1979; Meentemeyer, 1978).
Generally, warmer temperatures and higher precipitation result in higher rates of decomposition;
faster litter turnover, and less organic matter accumulation (Terrell ez al., 2001). At a local scale,
the rate of decomposition and quantity of nutrients cycled through the decomposition
mechanism are influenced primarily by:
1. the quality of the resource being decomposed (Lockaby et al., 1995; Belyea, 1996;
Cornelissen, 1996; Hobbie, 1996; Heal et al., 1997),
2. Physicochemical properties (i.e. Temperature and moisture regime, pH, oxygen) that
affect decomposer organisms in situ (Donnelly et al., 1990; Berg et al., 1993), and
3. The length of time the resource is in contact with the soil microenvironment (Lockaby

and Walbridge, 1998).
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Day (1982) submitted that litter quality was more important than site factors in determining the
rate of decomposition, although litter mixtures decayed more rapidly on sites that experienced
more flooding. Mitsch and Gosselink (1993), however, reported that hydroperiod (i.e.
inundation frequency and duration) was the single most important factor governing ecological
processes in wetland and floodplain environments; not only does hydrologic regime determine
vegetation community type (Hardin and Wistendahl, 1983), but the frequency and duration of
floodwater inundation determines the suitability of the soil environment for decomposer

organisms to process organic materials (Groffman et al., 1996).

Brinson (1981) opined that decomposition is optimized at a point along the soil moisture
continuum where cycles of wetting and drying prevail. Rates are lower where permanently
flooded, permanently dry, or even alternating aerobic and anaerobic conditions prevail. Lockaby
et al. (1996) suggested that brief flooding regimes, followed by moist but well aerated
conditions, maximized mass and carbon (C) loss. Brinson (1981) suggested further that where
decomposition is not limited by either oxygen availability or moisture, temperature is the “single

most important variable” governing mass loss.

Accumulation of nutrients in decomposing organic materials may come from several exogenous
sources or through immobilization by soil flora and fauna inhabiting the litter (Terrell et al.,
2001). They observed that N was limiting to decomposition of mixed-species litter in the drier
laurel oak community, whereas decomposition was P limited in the hydric sweetgum/ swamp
tupelo community; and there were brief periods of N and P accumulation. These nutrients
accumulation in decomposing litter, they suggested occurred at least briefly during the early to
mid growing season. The accumulation of P coincided with floodwater recession and some

fraction of the accumulation may be the result of P association with the sediment being
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deposited on the decomposing litter. However, the bulk of both N and P recorded in their study,
they submitted was probably attributable to immobilization by decomposers, particularly as this

coincided with periods of peak biological activity and floodwater recession.

Okalebo et al. (1997) reported that the reduction in crop yield from organic materials after their
incorporation into the soil is not uncommon, particularly when added in large quantities. In a
guideline submitted by Giller (2000) and Palm et al. (2001), when the N content of the organic
material is > 2.5%, as in leguminous green manure, the material should be applied directly
without additional N input from inorganic fertilizer. However, most crop residue are of low
quality (N < 2.5%, C: N ratio > 25); thus the need for a suitable combination with inorganic
fertilizer to achieve their maximum effect. This approach requires that both the release of
nutrients and the efficiency of nutrient availability to the plant be manipulated by controlling the
quantity and quality of organic inputs, which sometimes facilitate the retention of added
inorganic inputs, and timing of their input. The NSC has been reported to induce exchangeable
acidity in laboratory studies, a review of the nitrification of this organic amendment as an

acidifying process is therefore crucial in an effort to achieving sustainability.

2.16 NSC as Nitrification Inhibitor

Mishra et al. (1975) reported that NSC significantly inhibited nitrification of urea in soil. Also,
Neem foundation (2005) submitted that the cake is a nitrification inhibitor and when mixed with
urea it cuts down on the amount of urea converted to nitrate in the soil. Although, the
transformation of NHj; into nitric acid (HNO3) must acidify the soil (Leeper, 1964), this is not
the case in soil. This he attributed to the formation of the bases, calcium bicarbonate and
magnesium bicarbonate which are washed out in the drainage, although the end products of

microbial metabolism are organic acids, carbonic acid, and nitric acid. The reasons for this could
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be subsumed as follows: firstly, although, certainly free organic acids are formed, but their
calcium and magnesium salts are formed simultaneously and such salts tend to make the
environment alkaline. Secondly, plants themselves modify the acidity of environment (Leeper,

1964).

Following the aforesaid, NSC-amended field study should not observe that much markedly
increased exchange acidity and significantly decreased soil pH submitted by Agbenin et al.
(2008) in their study which was limited to laboratory incubations. The above assumption could
be attributed to protons generated from the nitrification of NH4-N which can be neutralized by
OH' ions released by plant roots when NOs3-N is absorbed (Boumann ef al., 1995) in the field.
Adams (1984) showed that for each mole of NHy4-N nitrified or oxidized to NOs3-N, two moles
of protons are generated through the reaction:

NH," + 20, =NO; + 2H" + H,0.

Nitrification rates were low in the findings of Agbenin et al. (1999) even though some
investigators used NOs3-N as an index of net N mineralization in soils (Cassman and Munns,
1980; Hadas et al., 1989; Weier and MacRae, 1993). Several reports indicated that NSC contain
biologically active ingredients particularly azadirachtin, di- and triterpenoids,
pentanotriterpenoids and small number of non terpenoidal ingredients which are not only
inhibitory to nitrification (Mishra et al., 1975; Parashar et al., 1980; Kethar and Kethar, 1995)
but also toxic to soil-borne pathogens (Schmutterer, 2002). Donaldson and Henderson (1990)
attributed the low nitrification under laboratory incubation as against the relatively high amount
of NOs-N released under greenhouse cropping (Agbenin et al., 1999) as due to the effect of
plants and their roots on soil microbial dynamics and composition with implications for

mineralization and nitrification processes.
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Mishra et al. (1972) have found that following application of NSC to soil it reduces the numbers
of soil bacteria and actinomycetes. In India, NSC up to 0.05% had no effect on NO3 formation,
while, NO, was significantly delayed at 0.2% NSC and above. This implied that NSC checked
conversion of NHs to NO,; presumably by its selective effects on the NHy-oxidizing bacteria
(Mishra et al., 1975). They submitted further that the addition of NSC at the rate of 0.02% C

which amounts to 8156 kg/ha may also assist to build up SOM which are low in these soils.

Prasad et al. (1999) also submitted that coating urea with neem oil, neem cake or neem oil micro
emulsion improved rice growth and resulted in more grain and straw than did commercial prilled
urea. Similarly, Santhi et al. (1986) observed that application of neem products like neem leaf
and neem cake to wetland soil which they studied did not have any adverse effect on the
population of heterotrophic microflora; nitrifying bacteria, on the other hand, decreased
significantly due to addition of neem cake and fresh and dried neem leaf with urea. It was
consequently opined that neem leaf could be used as an inhibitor of nitrification for enhanced

NUE of fertilizers where neem leaf is available in plentiful supply.

2.17 Soil acidification
Soil acidification is a slow natural process that occurs during pedogenesis and can be either
accelerated or slowed down by farming practices. The causes of soil acidification in agricultural
systems have been attributed mainly to an imbalance in the carbon and nitrogen cycles (Haynes,
1983; Helyar and Porter, 1989). The major processes leading to soil acidification include:

1. net H' excretion by plant roots due to excess uptake of cations over anions;

2. removal of alkalinity in farm products such as grain, hay, meat, and wool;

3. accumulation of organic anions in the form of soil organic matter;
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4. mineralization of organic matter, nitrification of ammonium, and subsequent leaching of
nitrate, and

5. Input of acidifying substances such as NH4 - based fertilizers.

Rengel (2003) also reported that removals of plant residues carrying organic anions and excess
cations as well as the accumulation of partially decomposed organic matter in soils are likely to
accelerate soil acidification. However, short term incubation experiments have shown that the
addition of organic residues with excess cations increases the pH of the soil (Ritchie and
Dolling, 1985 and Tang ef al., 1999). Accumulation of organic anions is the primary source of
the potential alkalinity that causes an increase in soil pH if decomposed by soil micro-
organisms. The change in soil pH with the addition of organic matter depends on the rate of

release or consumption of H™ by the organic matter added to the soil.

The degree of consumption or release of H' by organic matter is dependent on its initial content
of anion charge balanced by basic cations relative to undissociated acid groups, the initial soil
pH, the dissociation constant (pK,) of the remaining undissociated organic acids, the extent of
dissociation of the organic acids when they are released into soil, and finally the extent of
decomposition of the organic matter in the soil (Rengel, 2003). If the soil pH is less than the pK,
value of the organic acid in the organic matter, there will be an increase in soil pH due to the
association of H'" ions from the soil with some of the organic anions (Dolling, 1995). Subsequent
decomposition of highly reduced organic matter is likely to generate carboxylic acids as
oxidation products. This is common during the decomposition of C-rich cereal straw, and some
of these carboxylic acids may dissociate. If organic anions are decomposed (respired or

decarboxylated), they generate HCO3;™ or OH ions (Rengel, 2003).
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The incomplete cycling of C, N and to a lesser extent S in soils under agricultural management
has been identified as a major cause of increasing soil acidity. In particular, accumulation of
undecomposed soil organic matter rich in organates, losses of organates in products, and inputs
of symbiotically fixed N and ammonium-based fertilizers with consequent nitrate leaching are
involved in the accelerated acidification of agricultural soils (Rengel, 2003). Acidification of
soils under managed ecosystems occurs mainly through uncoupling of the processes generating
H" and OH  in the C, N, and S cycles. To minimize the rate of acidification and negative impacts
on agricultural production, three approaches were enumerated (Rengel, 2003): (1) reduce the
amount of H' ions generated, (2) reduce the uncoupling of processes generating H' and OH

ions, and (3) neutralize the acid produced.

The rate of acid generated can be altered by selecting the nutrient forms added to soil-plant
systems that produce less acid and selecting plant species that do not accumulate cation
excesses. Liming is most commonly practiced to overcome soil acidification. However, an
integrated approach involving liming, management practices, and plant tolerance have been
suggested (Rengel, 2003). Cregan et al. (1989) and Helyar (1991) identified a number of
management practices to minimize soil acidification; these include: using less acidifying
fertilizers, improving nutrient use efficiency, reducing nutrient leaching losses, and reducing
product removal. Soil acidity is considered a special case with respect to mineralization-
immobilization and synchrony. Alexander (1977) submitted the assumption that soil pH affects
mineralization and immobilization differently because immobilizing organisms tend to utilize

ammonia rather than nitrate.
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2.18 Fertilizer Use Efficiency

Fertilizer/ nutrient use efficiency (FUE) may be defined as yield per unit input. In agriculture
this is usually related to the input of fertilizer, whereas in scientific literature the FUE is often
expressed as fresh weight or product yield per content of nutrient. Improvement of FUE is an
essential pre-requisite for expansion of crop production into marginal lands with low nutrient
availability. The nutrients most commonly limiting plant growth are N, P, K and S. FUE
depends on the ability to efficiently take up the nutrient from the soil, and also on transport,
storage, mobilization, usage within the plant, and even on the environment (Biswas and

Mukherjee, 2005).

Fertilizer use efficiency (FUE) is a measure of the percentage of an applied fertilizer nutrient
that is utilized by the crop/ crops/ cropping system. This can be estimated best by the crop, being
the best judge, either by the percentage of added fertilizer nutrient recovered by the harvested
portion of a crop or kilogram of economic produce per kilogram of nutrient applied. Regardless
of the criterion used, all the factors that increase crop yield depend on the integrated effect of all
edaphic factors. Crop management, among other things, deals with plant, soil, water, fertilizers,
pesticides and environmental conditions. Thus, FUE is a multi-factored entity (Biswas and

Mukherjee, 2005).

FUE is often low in tropical cropping systems due to the declining level of organic matter
(Arihara, 2001). Addition of small amounts of high quality organic matter (a narrow C/N ratio
and a low proportion of lignin) to tropical soils can substantially improve fertilizer efficiency
(Snapp, 1995). Dennison (1961) about five decades ago reported that long-term cropping studies
in Kenya and Nigeria indicated that organic and inorganic inputs sustain fertility at a higher

level than the expected additive effects of either input by itself. Nutrient effects alone do not
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explain the benefits derived from modest amounts of organic manure combined with inorganic
fertilizers. Of the major plant nutrients, N and P have received the greatest attention (Dennison,
1961). Interestingly, the problems in regard to one are just opposite to those of the other. Hence,
leaching and volatilization loss are the problems of N fertilizers, whereas fixation, immobility,

and transformation are the problems related to P.

2.18.1 Nitrogen use efficiency

Quantification of NUE requires better understanding of soil N mineralization during the growing
season in systems where organic and inorganic forms of N are applied (Dwyer et al., 1993). The
higher the clay content of the soil and its exchange capacity, the better is the NUE. However, if
the rate of nitrification is more than the rate of uptake by the crops, the surplus is lost through
leaching (Biswas and Mukherjee, 2005). They opined further that the main factors that
determine nutrient uptake by crops apart from the nature of the root system which varies from
crop to crop are water, texture and pH of soil, management practices and agro-climatic

conditions.

The recovery of applied N (by difference), as recorded from field experiments conducted in
India, has been found to vary from 28 to 34 percent for rice and 40 to 60 percent for other crops.
The low recovery is the result of losses caused by volatilization, denitrification, leaching and
runoff. NUE depends not only on the source, rate, time and methods of fertilizer application, but
also on a large number of soil and crop management factors, such as land preparation, choice of
variety, timely sowing, optimum plant population, timely weed control, proper water
management, plant protection and balanced supply of essential plant nutrients (Biswas and

Mukherjee, 2005).
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Attempts have been made to increase efficiency through the use of slow release nitrogenous
fertilizers. They are mainly: (1) urea-aldehyde condensation products e.g. urea-form (urea
formaldehyde compounds), oxamide, and isobutylidene diurea (IBDU) and (2) urea coated with
sulphur (SCU) and lac (LCU), and neem and saal cakes (op cit). The coating is meant to form a
temporary barrier between the urea granules and soil or soil-water, thus reducing the rate of urea
hydrolysis. The other approach has been to blend N fertilizers with a nitrification inhibitor
which retards the rate of transformation of NH;  to NOj, thereby making the fertilizer N

gradually available to the crops.

Prasad et al. (1999) observed that coating urea with neem oil, neem cake or neem oil micro-
emulsion improved rice growth and resulted in more grain and straw than did the commercial
prilled urea. Similarly, Santhi et al. (1986) submitted that application of neem products like
neem leaf and neem cake to wetland soil which they studied did not have any adverse effect on
the population of heterotropic microflora, nitrifying bacteria. However, these decreased
significantly due to addition of neem cake and fresh and dried neem leaf with urea. It was
consequently opined that neem leaf could be used as an inhibitor of nitrification for enhanced

NUE of fertilizers where neem leaf is available in plentiful supply.

Predicting optimum rates of nitrogen (N) fertilizer for maximum economic crop production has
always been a challenge (Mengel et al., 1982; Touchton and Hargrove, 1982; Maddux et al.,
1984; Lamond and Whitney, 1991; Rao and Dao, 1992, 1996; Scharf, 1993). In addition to the
economic consequences, excess N fertilization causes contamination of ground and surface
water (Feinerman et al., 1990). Potential contamination of groundwater from nitrates dictates

that N fertilizer applications should be timed so that crop N use is high (Gravelle et al., 1988).
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Current agronomic and environmental concerns emphasize the need for more accurate

application of crop N fertilizer to increase N-use efficiency.

Nitrogen-use efficiency of crops grown under dry land conditions relates largely to plant-
available-soil moisture that depends on rainfall. An erratic rainfall pattern during grain sorghum
(Sorghum bicolor L. Moench) growing season greatly limits grain yields in many years.
Observations during the grain sorghum growing season reveals that luxuriant crop growth can
occur when the crop receives adequate to excessive rainfall in the early part of the growing
season and has adequate to excessive N available. However, this luxury vegetative growth does
not necessarily translate into higher grain yields because heavy rainfall during the early growing

season may leach NOs™-N from the sandy soils resulting in late-season N deficiency.

Also early season luxurious vegetative crop growth significantly increases the daily crop water
use (Khosla and Persaud, 1997). Consequently, plants may experience severe water stress later
in the growing season causing early leaf senescence, poor head development and grain filling,
and resulting lower grain yields. Optimum grain yields therefore depend on whether there is an

adequate supply of N and water stored in the soil to meet the plant N and water needs.

Typical soils used for grain sorghum production in Nigeria vary from low (125 mm water m™' of
soil) to very low (50 mm water m™ of soil) in 39 plant-available-water holding capacity. These
soils are deep and well drained and are susceptible to leaching of nitrates. Total crop N
requirement therefore cannot be applied in a single dose before or after planting. The challenge
with grain sorghum production in dry land of the Northern Guinea Savanna of Nigeria therefore

is to synchronize N applications with crop N need and plant-available-water.
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Fertilizer N applications when made prior to the period of rapid uptake and growth have
increased N uptake and N-use efficiency (Johnston and Fowler, 1991). Matching fertilizer N
applications to crop need can be achieved by partitioning total N application into several doses
and applying each dose at the time of plant N need. Partitioning N application also offers
opportunity to evaluate the available water supply before applying N, permitting increased rates
of application under adequate available moisture conditions and reduced rates when soil
moisture is low (Eckert, 1995). Vanderlip (1993) submitted that the period of rapid N uptake
and growth in grain sorghum occurs at the eight-leaf and mid-bloom growth stages. It was
observed in their studies that crop N and water needs at these growth stages (eight-leaf and mid-
bloom) are very high and occur at about 35 and 65 days after emergence, respectively

(Vanderlip, 1993, Khosla and Persaud, 1997).

Side-dress N applications at these stages with a high clearance applicator perhaps would
improve crop production efficiency in several ways. First, it would moderate early season
luxuriant vegetative crop growth that increases the daily crop water use and depletes the soil
water reserves needed during the later part of the growing season. Second, the leaching potential
of nitrates would be lowered by minimizing the time that the fertilizer N is exposed to leaching
processes. Finally, the N-use efficiency would be enhanced because N applications are done
immediately before the period of maximum N uptake (Vanderlip, 1993), thereby promoting

proper head development, grain filling and increased grain yield.

2.18.2 Phosphorus use efficiency
In the case of P fertilization, fixation of phosphate (PO,4”) is the main problem. Water-soluble
phosphatic fertilizers when added to the soil do not remain so, but in a short while interact,

preferably with iron and aluminium, to form less or sparingly soluble products called the ‘initial
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PO,> reaction products’. The efficiency of phosphatic fertilizers depends primarily upon the

release of P from the products rather than the fertilizers per se.

One of the measures taken to improve P use efficiency is to have minimum contact of the
fertilizers with the soil to restrict PO4> fixation. Another measure to increase it is to raise the
pH, preferably of acid soil, by liming. Liming, deep placement and combined use of
superphosphate and organic manures are known to increase the PUE (Biswas and Mukherjee,

2005).

Biswas and Mukherjee (2005) observed that in India, the application of PO,> fertilizers with
organic manures is beneficial. This increases the crop response and minimizes P fixation. They
submitted further that soil organisms immobilize PO,> from labile pool and many remove as
much P as the crop. In addition, there is a critical concentration of about 0.2 % P in the organic
matter being decomposed, above and below which there will be net mineralization and
immobilization. Thus, it is very important to note this point when using organic manure as a

source of fertilizer.

The PO, mineralizing microorganisms are more active in the thermophilic range and natural
range of soil reactions. POy release is more rapid under conditions favouring ammonification.
Thus, mineralization of P depends on the C: N: P ratio of the organic matter. The ratio of 100:
10: 1 has been suggested to be optimum. Insofar as P use efficiency is concerned, plants adopt at
least four broad categories of mechanisms to increase their access to native or applied soil P
(Arihara, 2001). These include: modification of soil exploration by roots (through increasing
absorptive area), better symbiosis with soil microbes (like arbuscular mycorrhizal fungi),

modification of rhizosphere to increase nutrient availability (through release of enzymes or other
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compounds capable of liberating P from metal-P compound or organic complexes), and reduced

tissue P requirements (Marschner, 1998).

2.19 Soil microbial biomass

Soil microbial biomass is the living portion of the soil organic matter, excluding plant roots and
soil animals larger than 5 x 10° pm’. The soil microbial biomass generally comprises
approximately 2% of the total organic matter in soil and it may be easily dismissed as of minor
importance in the soil (Jenkinson and Ladd, 1981; Dalal, 1998). Soil microbial biomass
parameters give useful information about the restoration degree and quality of contaminated
soils (Clemente et al., 2007). At present, microbial biomass is seen to exert a controlling
influence on the dynamics of soil organic matter and the availability of many nutrients. The
critical roles that microbial biomass performs in the soil system was summarized as follows by
Dalal (1998): a labile source of C, N, P, and S; an immediate sink of C, N, P, and S; an agent of
nutrient transformation and pesticide degradation; an agent of mineral weathering and soil
formation; includes organisms, especially in association with plant roots, that form and stabilize
soil aggregates; includes organisms that are antagonistic to plant pathogens and parasitic

nematodes; produces plant growth regulators.

The challenges of using microbial indicators are to identify the best choice among the many
techniques available to assess soil quality. Winding et al. (2005) proposed measures of
microbial biomass, respiration (rate of aerobic catabolism of SOM by heterotrophs; Cotrufo et
al., 1995), N mineralization, and community profiling as techniques to be considered. Brookes
(1995) suggested that either the ratio of CO, production to biomass C (biomass specific
respiration rate) or biomass C as a percentage of SOM might be better indicators of soil

pollution than either microbial activity or biomass measurements alone (Barajas-Aceves et al.,

71



1999). The link between biomass C and total SOC may constitute a form of “internal control” in

soils of similar type and under similar management (Barajas-Aceves, 2005).

However, in determining microbial activity both the turnover rate and the size of the microbial
biomass are pertinent (Theng et al., 1989). Depending on climatic and other variables, turnover
rates of microbial biomass C (C nic) usually range from 0.5 to 5 years, as compared to >20 years
for the bulk of SOC (Dalal, 1998). The size of the living community in the soil, the microbial
biomass, is generally positively related to the SOM level; rarely is C mic less than 1% or more
than 5% of the total SOC (Carter, 2001; Dalal, 1998). Increases in SOM are usually associated
with similar increases in microbial biomass, because the SOM provides the principal substrates
for the microorganisms. But, the two parameters are only loosely linked, giving rise to the four-
to fivefold variation commonly observed in the ratio C mic: SOC. This microbial quotient, or the
C mic as a percentage of SOC, is considered by some to be an indicator of health or stress of the
soil microbial community, a healthy, low-stress community being able to sustain a relatively

high level of C nic with a given level of SOC (Weil and Magdoff, 2004).

2.20 Particulate organic matter (POM)

Particulate organic matter (POM) fraction referred to all soil organic matter (SOM) particles less
than 2 mm and greater than 0.053 mm in size (Cambardella and Elliot, 1992). POM is
biologically and chemically active and is part of the labile (easily decomposable) pool of soil
organic matter (SOM). Particulate organic matter can be defined as the proportion of organic
matter that plays important biological and physical roles in soil (Wander, 2004). Though POM is
most often used as an index of labile SOM, POM fractions include materials that are
heterogenous in age and function. Size, density, and energy can be combined in a variety of

ways to recover materials that can be associated with active, slow, and recalcitrant pools.
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As perhaps the most easily decomposable fraction of nonliving SOM after microbial biomass,
POM fulfills many soil functions mediated by OM. It is a source of food/energy for
microorganisms and soil animals as well as nutrients for plant growth. Particulate organic matter
enhances aggregate stability, water infiltration and soil aeration; it increases cation exchange
capacity and buffering pH. It also binds environmental pollutants such as heavy metals and
pesticides. Particulate organic matter may play an important role in the suppression of soil borne
diseases (e.g. damping off of cucumber) by compost. This may be explained by the fact that
POM is an important source of food/energy in the compost for microorganisms responsible for

disease suppression.

In poorly managed soils, the transport by erosion of sediments rich in POM into rivers and other
water bodies can result in alteration of water quality and aquatic life. Build up and
mineralization of those organic materials lead to the eutrophication of lakes and rivers.
Incomplete mineralization of POM carbon in very poorly drained soils can lead to the formation
of methane, which escapes into the atmosphere and contributes to ozone depletion. Management
that affects SOM accumulation also affects POM content in soil. More POM in the soil means
that carbon and other nutrients are being stored in the intermediately available pool and are not
subjected to losses (e.g., leaching) yet are available when needed. Wander and Bidert (2000)
showed that potential N mineralization was better correlated with total POM than loose POM
recovered after gentle shaking of the sieved soil. This again demonstrated that the concentration
of POM most closely associated with residues does not provide valuable information about soil

N supply.

Soil quality (SQ) is usually defined as the capacity of the soil to carry out ecological functions

that support terrestrial communities (including agroecosystems and humans), resist erosion, and
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reduce negative impacts on associated air and water resources (Karlen et al., 1997). The soil
quality concept addresses the associations among soil management practices, observable soil
characteristics, soil processes, and the performance of soil ecosystem functions (Lewandowski
et al., 1999). Soil quality can be influenced by many properties inherent to a particular soil and
reflective of the environmental factors affecting long-term soil formation, such as steepness of
slope, depth of solum, and soil texture. Soil quality can also reflect the condition of a soil
resulting from the alteration of certain soil properties by management practices. Aggregate
stability, infiltration capacity, nitrogen mineralization potential, and biodiversity of soil
organisms are among the soil properties that are substantially altered by management. High
levels of SOM are associated with reduced erosion and runoff; enhanced soil aggregation and
nutrient cycling; and improved infiltration, movement, and retention of water (Greenland and
Szabolcs, 1994; Woomer and Swift, 1994). Organic-matter-related soil properties, such as total
organic carbon, microbial biomass C, extractable carbohydrates, and macroaggregate stability,
exhibited significantly higher values in the soils perceived by the farmers as being in better

condition or in a state of higher SQ.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Experimental Site and Climate

The potentials of NSC were evaluated under laboratory, greenhouse and field conditions. The
field study was conducted for two years (2009 and 2010) on an Alfisol at the Experimental Farm
of the Institute for Agricultural Research (IAR) at Samaru (11° 11' N, 7° 38' E); latitude of 686m
above sea level and an average rainfall of about 1060mm in the Northern Guinea Savanna of
Nigeria (Owonubi et al., 1991; Odunze, 2011). The area is characterized by distinct two seasons:
the dry season, comprising of a cold dry period (harmattan) between November and December,
and a hot dry period between April and May/June as well as a warm rainy season in June to
September. October and March constitute transitional months between rainy and cold dry
season, and between hot dry period and rainy season. Warm conditions and high relative
humidity prevail during the rainy season. July and August are the months with highest rainfall
(Odunze, 2011). The site has a mono-modal rainfall of 950 — 1270 with a mean of 1100mm. It

has a growing period varying between 150 — 180 days per year.

3.2 Pre-cropping site characterization

3.2.1. Soil sampling and analysis

The experimental site was plot C14 of the IAR Experimental Farm, Samaru, Zaria. Composite
soil samples were collected in the rainy season, after land preparation, before any fertilizer was
applied or seed sown. Subsamples taken were ground, sieved and analyzed for the following
physico-chemical properties using standard procedures (Anderson and Ingram, 1993), while the
remaining were stored until required at 2 - 3° C to reduce mineralization process.

(1) Particle size distribution using hydrometer method (Gee and Bauder,

1986).
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(1) Soil pH in water and CaCl, were determined in ratio 2.5: 1 water: soil by pH meter.

(ii1) Total N by micro-kjeldahl procedure (Bremmer, 1996).

(iv) Soil available P using Bray No. 1 as described by Kuo (1996).

(V) Organic carbon by modified Walkley-Black method as described by Nelson and
Sommers (1996).

(vi)  Exchangeable bases extraction was done with 1 N ammonium acetate pH 7.0. K and Na
were determined by flame photometry, while Mg and Ca were determined using Atomic
Absorption Spectrophotometer (AAS) (Anderson and Ingram, 1993).

(vil) Exchangeable acidity was determined by the KCI extraction method and titrated with
sodium hydroxide (NaOH) as laid out by Juo (1979).

(viii) Micronutrients (Zn, Cu, Fe, Mn) were determined using 1 % EDTA and the elements
estimated by AAS.

(ix)  Electrical conductivity in dS m” was determined using the saturated paste extract as
described by Okalebo et al. (2002) while categorization as saline or non-saline was done

following Rhoades (1996) classification.

3.3 Characterization of neem seed cake (NSC)

Neem seed cake (NSC) was obtained from the National Research Institute for Chemical
Technology (NARICT) at Basawa in Zaria. The seeds used were sourced locally from different
locations with the bulk from the far north of the country. These seeds were processed as shown
in Figure 1. The NSC flakes were ground and sieved to pass through 2mm sieve for

homogenization. This was then analyzed before incorporation in the field.

3.3.1. Analytical method for the neem seed cake

I. Total N by micro-Kjeldahl procedure (Bremmer, 1996; Jones, 1991).
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Wetting of the neem seed rior-t‘:o
extraction of oil

Pes/05/10 21:49

Pouring of the wetted neem seed into the The neem seed cake (residue after oil extraction)
grinding/ oil extraction machine

Figure 3.1: Pictures showing how the neem seed cake was obtained.
Source: National Research Institute for Chemical Technology, Basawa-Zaria.
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Total P was analysed using wet digestion method and P determined by the ammonium
molybdate/vanadate yellow colour method (Anderson and Ingram, 1993).

Total basic cations: K, Ca, Na and Mg using flame photometry and AAS as appropriate after

wet digestion (Anderson and Ingram, 1993).

Organic matter and ash content were determined using ash method as described by Okalebo et

al. (2002).

Lignin and cellulose contents were determined by Acid Detergent Fibre test as described by

Okalebo et al. (2002).

Polyphenol was extracted with methanol and total soluble polyphenol analysed by the Folins-

Denis method (Waterman and Mole, 1994).

3.4  Greenhouse Experiment

Greenhouse cropping was initiated to determine bio-available nutrients (N, P, K, Ca, and Mg)
from NSC and estimate the soil biomass produced in response to applied treatments. Two series
of pots were employed in the greenhouse. One series was sown with the test crop (cultivated)
while the other, though given the same treatments as the former, was not sown with sorghum
(uncultivated), as they serve as bench marks for studying soil microbial biomass in the

cultivated pots (Jenkinson, 1981).

3.4.1. Soil sample collection and preparation
Soil was collected from 0 — 15cm depth in a fallow field at the boundary of the experimental
plot for the field trials at the Institute for Agricultural Research, Zaria. The soil sample was air-

dried, crushed and sieved through a 2mm mesh sieve.
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3.4.2. Treatment and experimental design

The experiment was conducted as a completely randomized design (CRD) with three repetitions.
The treatments consisted of factorial combinations of 4 levels of NSC and 4 rates of the
recommended fertilizer rates of 64-32-32 kg N, P,0s, K,O for sorghum. The treatment
combinations were as shown in Table 3.1. The ratio of NSC and fertilizer were as used in the

field trial.

3.4.3. Greenhouse techniques

Four kilogram of the sieved soil was weighed out and thoroughly mixed with appropriate
amount of NSC. These were put into plastic pots of about 4 litre capacity and incubated for two
weeks. The pots were placed on plastic receivers and watered to field capacity. Ten seeds of the
test crop (sorghum, Samsorg 17) were planted and later thinned to two plants per pot seven days
after planting (DAP). The soils were maintained at field capacity and any seepage collected on
the plastic receivers was returned to the pot. Approximate amounts of muriate of potash (MOP)
23.810 mg , 47.619 mg and 95.238 mg, corresponding to Y4, %2 and full doses of K,O as well as
amounts of single super phosphate 79.365 mg, 158.730 mg and 317.460 mg, corresponding to
Y4, > and full doses of P,Os as recommended for sorghum were applied at planting. One-quarter
of the recommended N rates of %, 2 and optimum rate, being 62.112 mg, 124.224 mg and
248.447 mg per pot were applied a week after planting (WAP) and the remaining three-quarter

N was applied at 4 WAP.

3.4.4. Greenhouse observation and measurement
Plant height, numbers of leaves, stem girth measurements were taken for each plant at weekly

intervals from two weeks after planting. The shoots were harvested at eight weeks by cutting the
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Table 3.1: Treatment combinations of the greenhouse studies

Treatment number NSC (t ha™) Fertilizer rate (kg ha™)
1 0 0
2 0 Va
3 0 V2
4 0 Full
5 1 0
6 1 Va
7 1 V2
8 1 Full
9 2 0

10 2 Va
11 2 V2
12 2 Full
13 4 0
14 4 Va
15 4 V2
16 4 Full

Y4, 2 and full = Proportion of optimum recommended fertilizer rate of 64 - 32 - 32 for sorghum
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stems from soil surface in the pot, weighed and washed, dried at 65° C to constant weight, re-

weighed, ground and stored for elemental analysis.

3.4.5. Analytical method for the plant materials

All cations and phosphorus analyses in the ground plant materials were done in triplicate. Cation
concentrations in sorghum were determined by flame and phosphorus by spectrophotometric
analysis following digestion with sulphuric acid + perchloric acid + nitric acid for P, K, Ca and
Mg as appropriate; and complete oxidation of samples using micro-kjeldahl procedures followed

by distillation for N. This was also employed for the uncultivated pots (Okalebo et al., 2002).

3.4.6. Determination of soil microbial biomass (Analytical method)

The soil microbial biomass in cultivated and uncultivated pots was determined using the
chloroform fumigation extraction method (Brookes et al., 1985; Vance et al., 1987; Anderson
and Ingram, 1993; Okalebo et al., 2002). The procedure entails the subjection of moist soil to
chloroform fumigation which results in cell wall lyses thereby allowing the cellular content to
become extractable in 0.5 M K,SO4. Two subsamples of 16 g of the potted soil were weighed
into 50 ml beakers and uncovered plastic vials as unfumigated and fumigated samples
respectively. The first samples in the beakers were extracted with 0.5 M K,SO4 for one hour
after which they were filtered using Whatman No. 1 filter paper. The second sample was
fumigated with 30 ml chloroform in a desiccator for 5 days at 25° C and later extracted with
0.5M K,SOj4. The organic C and total N contents of the extracts were determined as described
earlier. A kgc of 0.45 and a kgy of 0.54 were used for calculating the biomass C and N
(Jorgensen, 1996; Jorgensen and Mbller, 1996), where kzc and kgy are extractable part of the

total amount of C and N fixed in the microbial biomass respectively.
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3.4.7. Fractionation of organic matter by particle size method

The objective of this procedure was to determine the absolute amounts and relative proportions
of particulate organic C in the soil. This is because the particulate fraction (fractions with
diameters between 250-50um usually captured using a wet sieving technique), is assumed to be
the SOM most readily formed and decomposed in soils, and serves as an important substrate for
soil mineralization processes, the decline of which, with respect to total SOM, is indicative of a

loss in inherent soil fertility (Okalebo et al., 2002).

Soil from cultivated and uncultivated pots were separated into the following particle-size
fractions (> 200pum, 50-200um and <50um) by stirring 100g dry soil in 300cm’ of 0.5M K,SO,4
(16 h, 20" C), isolated by sieving under water, oven-dried, and crushed with a mortar grinder.
The organic C was determined by Walkey-Black method and the organic N in the plant

materials, total soil and soil particle-size fractions determined using the Kjeldahl method.

The exchangeable bases (K, Ca, Mg and Na) of the soil were determined by shaking 1g of soil
sample with 20mls 1M NH4OAc pH 7.0 for 30 minutes and centrifuged after which supernatant
was collected for the determination of K and Na using flame photometer and Ca and Mg by
atomic absorption spectrophotometer. While those of the plant materials were done after acid
digestion of the milled samples with the triple acid mixture HNO3, H,SO4 and HCIO4.
Calculations:
1. The total particulate OC of the dispersed soil (POMr) was:

POMr = (Dry weightsg -250) % (C% / 100),
where Dry weightso.so = oven- dry weight of the dispersed soil retained in sieve between 50 and
250 pm, and C = corresponding organic carbon content of the dispersed soil retained in sieve

between 50 and 250 pum.
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2. The relative proportion of particulate OC (POMg) was:

POMR = POMT / Total soil C.

3.4.8. Statistical analysis

The effect of NSC application rates on the soil chemical properties after 8 weeks of potted
experiment was determined by ANOVA, and mean separation achieved by standard error (SE).
To understand the underlying relationships among the soil chemical properties, factor analysis
was used to group the soil properties according to their co-variances (Johnson, 1978). The
relationships between total soil organic carbon and soil microbial biomass C, particulate organic

matter C were determined by simple regression.

3.5. Incubation studies (Laboratory and field methods)
Incubation studies were done in the laboratory and the field simultaneously in the first year
during the cropping period so as to take into consideration the conditions under which the crop

is growing.

3.5.1. Laboratory incubation studies of NSC

Laboratory incubation studies were initiated to determine the rate of decomposition
(mineralization) of the NSC which was used as the basis for assessing the rate of nutrient
release. It has been reported that fitting kinetic equations to net N or P mineralization curves
quantifies the amount of mineralizable substrates and the rate at which it is made available for
plant uptake (Stanford and Smith, 1972). An incubation-leaching method was used to allow for
determinations of mineralization rates at regular intervals for extended periods of time (Legg et

al., 1971).
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To 50 g soil samples (dry weight basis) 2.64 g kg™ of NSC to give 1.635 mg N kg 'soil was
mixed thoroughly to homogenize the soil-NSC mixture. This was transferred to a sinter funnel
whose bottom was lined with cotton wool, placed beneath very fine retentive nylon netting
(<0.05mm/50 pm mesh size). The soil was moistened and brought to 80% field capacity at a
moisture tension between -20 and -60kPa, which was reported to be optimum for N
mineralization (Wong and Notcliff, 1995). The top of the sinter funnel was then covered with
perforated fine nylon netting to allow for aerobic respiration. The incubated soil was weighed
periodically to determine moisture loss and brought back to 80% field capacity with deionized

water (Agbenin et al., 1999).

At weekly interval, 50 ml of 2M KCIl solution was used to leach the soil slowly over a period of
4 — 5 h. Leachates were collected and analyzed for total inorganic N, NH4-N and NO;-N. To
avoid any salt build-up in the system after each extraction, the soil was slowly leached with
deionized water until the electrical conductivity of the leachate approaches the electrical
conductivity of the soil solution at incubation. This according to Agbenin et al. (1999) was
designed to maintain constant ionic strength during incubation while the 2M KCl was to remove
mineralized N (Weier and MacRae, 1993). Inorganic N (NH4-N + NO3-N) in the extracts and
leachates were determined by steam distillation (Mulvaney, 1996). Inorganic N (NH,;"-N + NO3
-N) mineralized from NSC were taken to be the difference between the control and soil
treatment. The laboratory incubation was replicated three times. Measurements of N
mineralization under controlled laboratory conditions provide an estimate of the pools of
mineralizable N present at the time of sample collection. These pools are replenishable under
field conditions as a result of inputs of organic N from root and above-ground litter and the slow

transformation of more resistant pools of soil organic N.
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3.6. Field mineralization experiment (PVC tube experiment)

3.6.1. Sampling procedures for mineralization experiment

An in situ covered-core method (Knoepp and Swank, 1995; Raison et al., 1987) was employed
to measure N mineralization in 2009 and 2010. Four open-ended PVC tubes (25c¢m long with a
diameter of 10cm) were inserted 20cm into the ground midway between sorghum rows and

capped. Soil samples were taken at 2-week intervals beginning in June and ending in October.

Soil samples were taken from within the tube (these were referred to as incubated samples) and
also from outside the tube (these were referred to as ambient samples). Each year, there were 7
sampling dates (T1 to T7) plus a time ¢ zero (TO). The initial soil sampling was conducted
concurrently with the bulk sampling for estimating rainy season soil residual N, however,
incubation tubes were not set up at that time for T1 so as to allow for the incubation of the NSC
that was incorporated at this time until after two weeks when TB (1) samples were collected and
tubes inserted for T2. When soil samples were taken from T1 to T7, a new set of incubation
tubes were inserted adjacent to the previous ones midway between sorghum rows for the next
sampling time. The time schedule for sampling was concurrent with field operations, with T1
sampling at the time of planting, T7 at harvest. The concentrations of NH;-N and NO;"_ N in
soil samples were determined by oxidation (Bremner and Keeney, 1965). Total mineral-N (NH,"

and NOs") was determined through summation.

The rate of net N mineralization (N min) during a specific period (t;) was calculated as the
difference between mineral N content measured from the ambient sample prior to incubation (ti-
1) divided by the number of days elapsed between the two periods:

N min (kg ha”’ d)=NT; = NAL /ti —tiq.... (1)
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Where NT; is mineral N (total of NH,;" and NO3) in the tube at time t; NA;.; is ambient mineral
N at time tij. If N pnin < 0, N in Will be set to zero. Cumulative mineralized N (N ) was
calculated as the summation of mineralized N from planting to time j:

Nem(kgha) =Y Nominj eeeeeereenenninn, ).

3.6.2. Mineralization model

The cumulative N mineralized at time t (N n,) was calculated from the first-order rate
decomposition model (Stanford and Smith, 1972). Similarly, the decomposition and nutrient
release rate constants, k£ were estimated from several other exponential equations (eq. ii to v).
These are the kinetic expressions which consist of consecutive reaction models (eq. ii and iii); a
Gompertz function (eq. iv) and a mixed-order rate model (eq. v). The results from eq.ii to iv
were tested along with the conventional first-order rate decomposition model (eq.1).

Nomin=No (1 =e™) +Ne oeovvvireiiineeiin. (i)

Where N, is potentially mineralizable N, k is the rate constant, N ., is cumulative N
mineralized at time ¢, while N, is an additional term introduced to accommodate the initial rapid

N flush (Jones, 1984).

N min=No— N, (ke™—he™) / (k-h) ............ (i) (Noggle, 1985)

Nomin = No = Noe™ (Kt + 1) vevvvereiriieeeiiinn, (iii)

N min = No = Noe ™™ = Noe™ oo (iv) (France and Thornley, 1984)
N min=Ng (1 — ™00y . )

Where / is an additional coefficient in eq. ii and v. All other terms are as defined for eq. (i). The
consecutive reaction models (eq. ii and iii) describe a decomposition reaction in which reactants
pass through an intermediary to form the final products. The conversion of reactants to the
intermediary and from the intermediary to the final products is assumed to follow first-order rate

kinetics with rate constants h and k respectively. A special case of the model is to allocate equal
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rates to the formation of intermediary and products (4 = k), in which case N mineralization can
be described by a single rate constant (eq.iii). Diaz-Firroz et al. (1988) applied a consecutive
reaction model to describe the kinetics of N mineralization from cattle slurry incorporated into a

soil.

A Gompertz function which is an asymmetric logistic growth model, was also applied to N
mineralization (Ellert and Bettany, 1988; Agbenin et al., 1999). When applied to the growth of
organisms, the model accounts for an exponential increase or decrease corrected by a coefficient
which is related to the difference between microbial population size at time t and its asymptotic
value (Vanderpitte et al., 1995). The mixed-order model (eq. v), recognizes a single
mineralizable substrate pool conforming to both first- and second-order rate kinetics (Brunner

and Focht, 1984).

3.6.3. Statistical analysis

SAS non-linear regression models was employed to compare rates of net N mineralization and
nitrification for the covered core and laboratory incubations; Coefficient of multiple
determinations (R?), chi-square (X ) and the root mean square error (RMSE) was computed to

assess the goodness-of-fit statistics of the models used.

3.7. Field decomposition study

3.7.1. Treatments, design and experimental details

Decomposition study was conducted on the field in each of the years (2009 and 2010) to assess
the contribution of microbiological, substrate and soil environmental conditions such as
moisture and temperature on the rate of decomposition (mass loss) of NSC, and the concomitant

effects on soil fertility improvement and management. The NSC was milled to fine mesh size
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since large fragments have been observed to cause marked immobilization during incubation
(Schimel and Parton, 1986). Litterbags were introduced into plots with inorganic fertilizer alone
as well as control (zero NSC and NPK fertilizer) amended plots. Treatment combinations were

as shown in Table 3.2.

Treatments were the four NSC levels and four rates of inorganic fertilizers with four harvest
periods. The treatments were replicated thrice. Twenty grams of milled NSC samples were put
into 10 x 18-cm litterbags of mesh size < 2 mm. The bags were sealed and the NSC spread
evenly within the bags. Four plots of 8 ridges (6m x 6m) each were marked out and treatment
allocated as appropriate to relevant plots. Sorghum seeds were planted on all plots at 20 cm
within row spacing. After thinning, litterbags were randomly placed in the outer ridge of the
gross plot (6 x 4.5m) at 5-litterbags/ outer ridge/ plot between stands of sorghum at 10cm depth,
leaving the additional one ridge at the boundary of each plot, to prevent seepage of treatments
(interference). Although the materials were not uniformly mixed with the soil, it was considered
adequate for the study, because the traditional hoe ridging simply places the plant material

applied on the soil surface.

3.7.2. Time-step retrieval of litterbags

Two litterbags from each treatment plots were randomly retrieved at 2, 4, 8, and 12 week from a
total of 96 experimental units in 2009, however, in 2010, the sampling date was earlier. Two
bags were retrieved from each treatment plots at 3, 7, 10 and 14 days after which the fortnight
approach of the previous year was adopted. The retrieved samples were oven-dried at 65° C to a
constant weight. The dry weights were expressed as percentage of sample weight remaining
undecomposed at each of the sampling dates. Sub-sample (1 g) was weighed and ash in the

muffle furnace to correct for sand particles in retrieved litterbags.
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Table 3.2: Treatment combinations

Treatment NSC (tha™) Fertilizer rate (kg ha™)
1 0 0
2 0 Va
3 0 V2
4 0 Full
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3.7.2.1 Determination of Ash free dry weight
Ash-free dry weights were determined and subtracted from the original sub sample dry weight to
determine the amount of NSC in the sub sample. The amounts of nutrients remaining were then

calculated as the weight of the NSC multiplied by nutrient concentration.

3.7.3. Data management / models
Litter decomposition data from the decomposition studies were fitted to several models (Weider
and Lang, 1982) to identify the model that best fits the decomposition data. Decomposition rate

were calculated for the NSC using the formula thus:

% mass loss (105° C)

Daily decomposition rate (%) =
Length of incubation (day)

(Sewanee and Simmons, 2003)

The following models were used to fit biomass and N loss data. The analysis was carried out on
the proportion (X;) of the initial mass (X,) remaining at time z. The model parameters were:

¢t = time (day)

X, = quantity (capacity factor) of the total biomass (or N) at time zero that is available
for decomposition.

ko, ki, ki, kg = decomposition rate constant (day™)

X, X and Xg = defined compartments based on their proportions in % of the initial
biomass or N.

Y = proportion (X) of the initial mass (X,) remaining at time ¢ = X; / X,, defined on the
interval 0 <X < 1.

1. Single exponential decay model

Y = X" (Ibewiro et al., 2000)
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2. Double exponential decay model
Y = Xee™ + Xpe™™ (Somda et al., 1993)
3. Asymptotic negative exponential model
Y = Xpe ! + Xg (Couteax et al., 1998)
4. Triple negative exponential decay model
Y = Xee™ + Xie ™ + Xpe ™™ (Couteax et al., 1998).
Using decay coefficient (k) value, and assuming constant decay rate for the NSC, the half life
(t,) value, the time it takes for loss of 50% of the NSC to occur was estimated from the best fit
model using the formula:

0.693
tl/Z =

k

Correlation and multiple regressions between depleted mass and initial chemical indices of the
NSC were performed on untransformed data for each period. The analysis was performed on the
initial amount of X remaining at time t, where X was the dry mass (Weider and Lang, 1982;
Gordillo and Canberra, 1997). The decay models were compared using coefficient of multiple

determination (R?) and residual mean squared errors (RMSEs).

3.8  Field Trials
Field trials were conducted for two years — 2009 and 2010 — to investigate the effect of NSC and

NPK fertilizer on the growth, nutrition and yield of sorghum.

3.8.1 Treatments and Experimental design
The treatment consisted of factorial combinations of four levels of NSC (0, 1, 2 and 4 t ha™) and

four rates of chemical fertilizer package (0, %4, %2 and full recommended fertilizer rates of 64 kg
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N, 32 kg P,0s, and 32 kg K,O for sorghum), giving a total of sixteen (16) treatment
combinations as shown in Table 3.3. Plot size was 6m x 4.5m giving a gross plot size of 27m’
with six (6) and four (4) rows in the gross and net plots respectively. The experiment was laid

out in a randomized complete block design (RCBD) with three replications.

3.8.2 Cultural practices and application of treatments

The field was ploughed, harrowed and ridged using a tractor in the first year. The plots were
then laid out and the NSC treatment applied at 1, 2 and 4 ton ha™. The amounts of NSC applied
per plot for the various treatment levels were 2.7, 5.4 and 10.8kg on dry weight basis. These

were incorporated along the middle of the ridge after all land preparation operations.

The incorporated NSC was allowed to incubate for two weeks on the field before planting. Ten
seeds of sorghum (variety, Samsorg 17 (SK-5912)) was planted at ten seeds per hill and at a
spacing of 25cm within row and 75cm inter-row. Phosphorus (SSP) and potassium (MOP)
fertilizers were applied at planting at 0, 4, 2 and full recommended rates. The specific amounts
of SSP and MOP applied per plot were 0, 0.12kg (8 kg ha™), 0.24kg (16 kg ha™) and 0.48kg (32
kg ha™) of single superphosphate and 0, 0.036kg (8 kg ha™), 0.072kg (16 kg ha™) and 0.144kg
(32 kg ha') of muriate of potash corresponding to 0, Y, ' and full fertilization for both
nutrients, respectively. After emergence, the seedlings were thinned to two plants per stand at
three weeks after planting. Quarter nitrogen levels at 0, 0.023kg (4 kg ha™), 0.047kg (8 kg ha™)
and 0.094kg (16 kg ha™) of urea being 0, %, % and full of the recommended rates first dose was
applied after first weeding at three weeks after planting and first weeding in accordance to the
factorial design. The remaining second split dose (three-quarter) of the N requirements were
applied at six weeks after planting at 0, 0.070kg (12 kg ha™), 0.141kg (24 kg ha™") and 0.282kg

(48 kg ha™) of urea as appropriate. Weeds were controlled with broad spectrum herbicide

92



Table 3.3: Treatment numbers and combinations used in the field study

Treatment number NSC (t ha™) Fertilizer rate (kg ha™)
1 0 0
2 0 Va
3 0 V2
4 0 Full
5 1 0
6 1 Va
7 1 V2
8 1 Full
9 2 0

10 2 Va
11 2 V2
12 2 Full
13 4 0
14 4 Va
15 4 V2
16 4 Full

Y4, > and full = Proportion of optimum fertilizer rate of 64 —32 - 32 for sorghum
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(Round up) which was applied two weeks before land preparation and pre-emergence herbicide
(Vestrazine) applied immediately after planting. However, during the season, hoe weeding and
non-selective herbicide (Miazone) were used within the treatment plots and the alley/ discard.

The ridges were re-moulded at six weeks after planting.

It was necessary to control stem borer attack in the second year, consequently, Best action - a
systemic and contact insecticide was used. The study was conducted on the same site and the
plots were maintained in both years of the study period. In the second year, the plots were
prepared manually to maintain plot properties. The old ridges were scattered and re-moulded
with hoe and the appropriate NSC level incorporated and thereafter incubated for two weeks. All

other operations were carried out as in the first year.

3.8.3 Field observations and measurements

3.8.3.1. Dry matter estimation by destructive sampling

Plant samples were harvested systematically from the gross plots beginning at 3 WAP for dry
matter assessment and subsequently at fourteen days intervals until heading. A whole plant from
each treatment was cut at ground level and separated into leaves and stem. The cumulative data
over the period was employed to evaluate sorghum performance (growth) over time in the field.
A total of seven samplings were carried out over the period. Measured leaves and stems were
oven dried at 60° C until constant weight was attained and weighed for dry matter estimation at
the various stages of growth. Three replicate samples were taken on every sampling date per

treatment.
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3.8.3.2. Leaf area measurement

Leaf area measurement was obtained from the sampled plants (3.4.3.1) using a tape meter to
measure the length and breadth at the widest portion of the leaves. Direct leaf area measurement
was then calculated in cm® by the multiplication of the corresponding length and breadth for
each leaf and then multiplied by the conversion factor for sorghum (0.73). Total leaf area given

in cm” was the cumulative value recorded per whole plant stand.

3.8.3.3 Leaf area index (LAI)
The leaf area index was calculated for each sampling date as:

Actual leaf area measured in cm® per stand (1 plant)

LAl =
Area of land available for the plant (1875 cm®)

Where the actual leaf area was obtained by multiplying the total leaf area by the constant (0.73)

for sorghum and the area of land available per plant was estimated thus:

Area of land available per plant = 75 cm % 25 cm where 75 cm was the distance within ridge and

25 cm was the distance along ridge.

3.8.3.4. Stem girth, leaf number and plant height measurements
Stem girth was measured using five tagged plants in the net plots of each treatment. This was
done by taking the circumference of the widest part of the stem using a thread and the dimension

was read off on the meter rule.

Leaf number was obtained by counting the leaves of the tagged plants, while plant height was

obtained by measuring the height to the top of the leaf of the tagged plants per treatment using
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the metre rule. The measurement was initiated from the base (just at the surface of the ridge) to

the apex or flag leaf.

3.8.3.5 Yield and yield components

During the cropping season of 2009 and 2010, designated sample areas within each plot were
permanently marked to represent the harvest area. The harvest area (net plots) was 12 m® for
both years. The harvest area (net plot) comprised of the four inner ridges with a length of 4
meters. Parameters considered before crop maturity and harvest were: plant stand per net plots at
harvest (maturity), days to 50% panicle emergence and 50% flowering. At maturity, the net
plots per treatment were harvested for both grain and stover yield. Harvesting was done by
cutting panicles from each stand when all sorghum heads were properly dry enough for

threshing.

The stover within the harvest area was cut at ground level to determine stover weight per net
plot. A sub sample of the stover was taken and oven dried at 60°C for 3 days, milled and stored
for nutrient analysis. Similarly, at harvest, grain samples were taken from all the plots, oven-
dried to constant weight at 70°C, ground with Willey mill to pass through a 40-mesh screen, and
subjected to chemical analysis for estimation of total N, P K, and tannin concentrations on a dry
weight basis. Soil samples were also collected at harvest from which soil pH, exchangeable
bases, exchangeable acidity, organic carbon, total N and P were also determined. The following
parameters were calculated thus:

1. Relative yield at each fertilizer level, RY (%)

Yleld treatment
RY = x 100 (Chien et al., 1990)

Yield optimum chemical fertilizer
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2. Relative yield increase, RYT (%)

Yleld treatment ~ yleld control
RYI = x 100 (Chien et al., 1990)

Yield optimum chemical fertilizer - Yield control

3. Agronomic nutrient use, ANU (%): This reflects the efficiency of applied nutrient applied as
treatments.
Yleld treatment — yleld control

ANU = x 100 (Singh et al., 1999)
Nutrient applied teatment

4. Fertilizer Equivalence: which is the amount of inorganic fertilizer N that is equivalent to a
given amount of organic amendment (FE) was obtained from the best fit regression line
exhibited by the response of grain yield to the inorganic fertilizer N alone (Jokela, 1992;
Murwira et al., 2002). Fertilizer equivalencies (FE) of treatments were obtained using a
quadratic function with the equation:

y = ¢ + bFE + aFE* (Murwira et al., 2002).
The following formula for solving quadratic equations was used to solve the regression equation
for FE:
FE = -b + \ (b -4ac)/2a.
Where a, b, and c are constants obtained from the quadratic function, y is the yield from a
particular treatment plot and FE is the fertilizer response obtained from the formula for solving

quadratic equations above.

5. Percent fertilizer equivalence values: In order to compare the fertilizer responses of the
treatments, the % fertilizer equivalence (FE) values were calculated according to the following

method:
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FE x 100
FE (%) =

N applied
Where FE = fertilizer response obtained from the formula for solving quadratic equations, and

N applied = actual amount of N applied in each plot (Mugendi et al., 2009).

6. Harvest Index (HI): this is defined as the proportion of economic yield produced per total dry
matter production (biomass) was calculated as:
Economic yield (grain yield)

HI= x 100
Total biomass

3.8.4 Nutrient concentration of the sorghum plant

3.8.4.1 Analytical methods for grain samples

The ground sub samples of the sorghum grains were subjected to proximate analysis for the
determination of the crude protein and tannin contents. The crude protein (CP) was calculated
using the conversion factor of 5.9 suggested for cereal proteins due to the variation in the CP in
feeds (13 — 18 %) (Gilchrist, 1967) following the wet digestion for total N by the micro-Kjeldahl
method. Tannin was determined as described by Allen (1989) and the soluble tannins calculated
thus:

CxV

Soluble tannins (%) =
10 x A xW

Where C = concentration (mg), V = extract volume (cm’), A = Aliquot volume taken (cm’) and

W = sample weight (g)
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3.8.4.2 Analytical methods for the plant samples

Sorghum stover, after separation into stem and leaves were analysed for total nitrogen (TN)
using the micro-Kjeldahl wet digestion method. The plant materials were wet digested using
tertiary acid (sulphuric + nitric + perchloric) method, and the P in the digest determined
colorimetrically, while K was determined by flame photometer, and Ca and Mg were

determined by atomic absorption spectrophotometry.

3.9. Statistical analysis

Data obtained in the two-year trial period were subjected to analysis of variance (ANOVA),
using SAS, version 8.1 programme. The differences among the experimental treatments were
compared using the standard error (SE) and the Duncan Multiple Range Test (DMRT) tests, for
two or multiple comparisons of means at the P < 0.05 probability level. The Pearson correlation
coefficients was used to correlate the sorghum performance (grain, stover, protein and tannin
content) with the yield and growth (Leaf Area Index, Dry Matter Yield) parameters. To
understand the underlying relationships among the soil chemical properties, factor analysis was
used to group the soil properties according to their covariance (Johnson, 1978) using IBM SPSS
version 20.0. The database contains information on the soil pH in water and calcium chloride,
exchangeable acidity, organic carbon, exchangeable bases, available P, N and effective cation
exchange capacity. Factor Analysis was performed with reference to the whole dataset and
estimates of the initial factors obtained from principal component analysis. The number of
factors to be retained was chosen on the basis of the relative proportions of the variance
explained by the Eigenvalue (standardized variance associated with a particular factor). To
simplify the interpretation of the results, VARIMAX rotation with Kaiser normalization was

used. On the basis of the rotated component matrix, it was then possible to identify the most
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significant variables within the group of components and the degree of inter-relationship

between them.
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CHAPTER FOUR
4.0 RESULTS AND DISCUSSION
4.1 Characterization of the study site
4.1.1 Soil characteristics and geology
Soils of the experimental site have been classified as Typic Haplustalf sub-order, an Alfisol in
the USDA Soil Taxonomy system (Harpstead, 1973); or Orthic Acrisol in the FAO-UNESCO
Legend (Valette and Ibanga, 1984). The soil is generally formed in underlain, at varying depths,
by iron pan over rocks of Basement Complex. The contact zone between soil and the iron pan is
made up of iron concretions, ironstone or other coarse fragments (Valette and Ibanga, 1984).
Soil chemical and physical properties of the experimental soil prior to experimentation in 2009
are presented in Table 4.1. The soil was sandy loam in texture and low in clay content (160 g kg
". The soil was characteristically low in organic carbon content (4.41 g kg') and CEC (5.20
cmol kg™) (Jones and Wild, 1975; Uyovbisere and Lombin, 1991). The low level of organic
carbon coupled with the associated sandy texture (Table 4.1), would encourage rapid leaching of

cations (Jones, 1973; Enwezor et al., 1989), and consequently the soil would be low in CEC.

The soil was slightly acidic, with pH-value in CaCl, solution (5.3) lower than that in water (6.0)
indicating that the soil possesses a net negative charge in the colloidal complex (Daudu, 2004).
The pH value in water was above 5.0 indicating that exchangeable Al toxicity may not be a
problem in this soil (Kamprath, 1972). Exchangeable bases: calcium (2.20 cmol kg™b),
magnesium (0.65 cmol kg™), potassium (0.21 cmol kg™) and sodium (0.32 cmol kg™) contents
were all low in the soil. Calcium and magnesium were however the dominant cations on the
exchange sites of the soils. The effective cation exchange capacity of the soil was 3.58 cmol kg
calculated as the summation of exchangeable bases and acidity which was low. This makes the

soil susceptible to soil acidification because the ability to hold on the basic cations is low. The
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Table 4.1: Physico-chemical characteristics of soils of the field experimental site and
Greenhouse

Soil property Amount in soil

Particle sizes (g kg™)

Clay «“ 160
Silt «“ 240
Sand « 600
Textural class Sandy loam
pH (H,0; 1:2.5 w/v) 6.00
pH (0.01M CaCly; 2.5 w/v) 5.30
Bray-1 P (mg kg™) 0.368
Organic Carbon (g kg™) 4.41
Total N (g kg™) 5.25
Exchangeable cations (cmol kg™)

K " 0.21
Ca " 2.20
Mg " 0.65
Na " 0.32
Cation exchange capacity " 5.20
Effective cation exchange capacity " 3.58
Exchangeable Acidity (cmol kg™ soil) 0.20
Extractable micronutrients (mg kg™)

Zn " 5.00
Fe " 24.29
Cu " 1.50
Mn " 3.06

*ECEC =TEB + EA
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generally low content of soil nutrients implies that there would be the possibility of a good
response to applied nutrients, which is an important criterion in the selection of experimental

site (Stevenson, 1982; Palm, 1995).

4.1.2 Climatic conditions of the study years

The daily weather data of the Institute for Agricultural Research Farm site used in this study
are given in Appendix 1, while the climatic features in the trial years described in
comparison with its short and long term data are summarized in Table 4.2 for 2009 and 2010,
respectively. The first rainfall in 2009 and 2010 was recorded on the 19™ of April. Although,
there was no long dry spell, the rainfall pattern was erratic in both years (Appendices 1 and
2) with the equations: y = 0.0238x + 9.5283; r (correlation coefficient) = 0.0714 and y =
0.0313x + 7.6252; r = 0.1233, respectively; where y is the quantity of rainfall in millimeters
and x is time in days. Consequently, the timing and duration affected crop growth and
development adversely, since rainfall amount was equally low throughout June compared to
same period in previous years. However, rainfall distribution in the months of July and

August were better for crop growth in 2009.

The months of July and August of year 2010 experienced about 35% decrease in total
quantity of rainfall when compared with that of the previous year. Although, higher rainfall
amounts were recorded throughout year 2009, 2010 was found to be warmer than the
immediate past year (2009) that recorded mean temperatures in the range of 23.2°C to 30.7
°C. Also, except in the month of June which had an equal number of days of rainfall as in
2009, other months had a decrease. Thus, the planting months of the year experienced
inadequate amount of rainfall, while much heavier rainfall was experienced later in the
season (at harvest), almost destroying the matured crops (Table 4.2). The average rainfall

and temperature for the two years combined were 1203mm and 22.8 °C respectively.
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Table 4.2 Monthly summary of weather conditions at Samaru-Zaria for two years of the

study

Tmean (°C) Rain (mm) Days of rainfall
Month 2009 2010 2009 2010 2009 2010
January 23.2 23.6 0 0 0 0
February 26.6 27.3 0 0 0 0
March 28.7 29.2 0 0 0 0
April 30.7 30.7 20.3 23.7 4 3
May 29.0 29.1 85.1 104.7 6 8
June 27.8 26.6 89.5 165.4 11 11
July 25.7 249 285 188 14 12
August 25.9 25.0 439.7 287.7 20 18
September 26.4 26.1 206.7 241.4 14 17
October 26.6 26.7 151.7 98.9 7 10
November 23.8 25.0 0 0 0 0
Total/ average 26.8 26.7 1278 1128.5 76 79

Source: IAR meteorological station
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4.2 Characteristics of the neem seed cake (NSC) used for the study

The chemical properties of the organic material showed that there was much variation in the
nutrient contents of the NSC used in the study (Table 4.3). Processed seed were picked from
different locations. The compositions reflected differences in the sources, as neem seed from
different geographical locations vary widely in their chemical compositions (Radwanski, 1969;
Mengel and Kirkby, 2001). Also, the quality of NSC is determined by the amount of oil left in it,
as well as the process by which the extraction was done (Espanol, 2009). Although, all the
nutrients in the NSC may not be available to a crop, the information can provide a qualitative
estimation of the organic material (Palm et al., 1997). Both N (3.85 % in 2009 and 5.34 % in
2010) and P (0.37 % in 2009 and 0.18 % in 2010) values of the NSC used in the study for the
two years (Table 4.3) have above the critical levels of 2.5% and 0.2% for N and P respectively,
and would be expected to result in net release of these nutrients on application to the soil (Palm

et al., 1997; Giller, 2000; Benton, et al., 2001).

Also, the low lignin content (< 15%) coupled with the narrow C: N ratio (5.99 and 5.62 in 2009
and 2010 samples, respectively) would result in fast decomposition and release of nutrients
(Okalebo and Woomer, 1994; Microsoft Student Encarta Premium, 2008). Consequently,
incorporation directly into soil with annual crops at planting would be expected to give better
results in terms of improving the synchronization of nutrients release and subsequent uptake by
the crop (Murwira and Kirchmann, 1993; Giller, 2000; Palm et al., 2001). On the contrary, K
and Ca values were below critical or standard concentrations of 1.9% and 1.0% respectively
while Mg was approximately equal to the standard value of 0.2% (Benton, ef al., 2001). This
corroborates earlier submissions that organic materials do not contain all the essential nutrients

that are required by a particular crop in the appropriate amount (Palm et al., 2001).
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Table 4.3: Selected chemical characteristics of the neem seed cake used in the study for the two

years
Parameter Unit 2009 2010
N % 3.85 5.34
P % 0.37 0.18
K % 1.47 1.00
Ca % 0.014 0.014
Mg % 0.02 0.02
oC % 23.05 30.02
Lignin gkg' DM 30.10 44.67
Cellulose gkg! DM 303.97 316.33
Polyphenol g kg 13.30 8.00
C:N 5.99:1 5.62:1
N: P 453:1 12.71: 1
C:P 27.12: 1 71.48: 1
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4.3 Greenhouse experiment

4.3.1 Main effect of treatment factors

4.3.1.1 Response of Agronomic parameters to NPK fertilizer levels

Number of leaves

Non-significant (P < 0.05) difference in the number of leaves was observed between each of the
treated pots and the control (Table 4.4). In the sole CF treatments, the control and the full
recommended rates (RR) recorded same number of leaves (8.59) on the average statistically
while the ¥4 RR recorded least number of leaves (8.36) (Table 4.4).

Stem girth

Statistically, there were no significant differences on sorghum stem girth with respect to
treatment in the greenhouse.

Plant height

The treatments had no significant effect on plant height (P < 0.05). However, the full
recommended rate (FRR) treatment produced plants with the tallest plants (56.59 cm) at the end
of the experiment (eight (8) weeks after planting) as shown in Table 4.4.

Dry matter yield (DMY)

There was no significant difference in DMY with respect to mineral fertilizer in the greenhouse.

However, sorghum DMY increased with increasing rate of CF (Table 4.4).

4.3.1.2 Response of agronomic parameters to NSC levels

Number of leaves

In the sole NSC treatments, highest number of leaves (8.64) was obtained from the 4 t ha™ NSC
while the control recorded the least (8.39). However, there was significant difference in number

of leaves at both the 1% and 5% level of significance (Table 4.4).
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Table 4.4: Main effects of neem seed cake and chemical fertilizer on sorghum performance in the greenhouse.

Treatment Number of leaves Stem girth (cm) Plant height(cm) Dry matter yield (g pot™)

NPK kg ha™ (N)

0 8.59 0.98 54.79 6.26
Y4 RR 8.36 0.97 55.24 6.18
Y5 RR 8.46 1.08 55.19 6.21
FRR 8.59 1.01 56.59 7.60
SE + 0.0512 0.0076 5.883 1.025
NSC tha™ (S)

0 TC 8.39 1.00 55.41 6.15
1 TC 8.50 1.08 56.36 6.93
2 TC 8.47 0.95 54.08 6.16
4TC 8.64 1.02 55.97 7.01
SE + 0.0512 0.0076 5.883 1.025

Interaction (N x S)

NxS NS NS NS NS

NS = Not Significant; RR = recommended rate; FRR=Full recommended rate; TC = ton ha™ NSC
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Stem girth

Sole NSC generally had higher stem girth on the average at eight (8) weeks after planting than
the CF (Table 4.4)

Plant height

There was no significant difference in plant height in sole NSC treatments. However, 1 TC
recorded the highest plant height (56.36 cm) (Table 4.4).

Dry matter yield

There was no significant difference in DMY in the sole NSC pots. However, sole CF pots gave
better results on the average than the sole NSC (Table 4.4). This shows that the initial soil
nutrients level could not sustain sorghum growth and yield. Also suggested the inability of
organic materials to release nutrients fast enough to meet crop needs at periods of high demand
especially when crops are not grown to maturity (Allen et al., 1989). The Increase in rates of
NSC to 4 tonne ha" led to marginal and non-significant dry matter increase (Table 4.4) in the
sole NSC pots. This indicates that it was not the amount of nutrients added by the NSC but the
availability and/ or the time frame under which the crop was grown that were the major factors

limiting sorghum yield.

4.3.1.3 Interaction of NPK and NSC levels on agronomic parameters

Number of leaves

Interaction effect was not significant but the highest number of leaves (9.42) was obtained from
the 4 TC + FRR (Table 4.5). This would imply that combined application of NSC and CF led to

the production of more leaves than their sole applications.
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Table 4.5: Interaction of neem seed cake and inorganic fertilizers on sorghum

performance in the greenhouse

Dry matter yield
Treatment (g pot’l) Plant height (cm)  Stem girth (cm) Number of leaves
Control 6.46 57.6 1.02 8.72
74 RR 8.69 59.82 1.08 8.67
72 RR 5.36 51.78 0.93 8.67
FFR 4.52 49.94 0.89 8.31
1 TC 5.48 53.68 0.95 8.42
1 TC + % RR 6.66 55.3 1.01 8.44
1 TC +%RR 5.61 53.35 0.92 8.25
1 TC + FRR 6.99 58.62 1.01 8.33
2TC 6.47 55.52 1.09 8.39
2 TC + % RR 4.69 52.04 1.23 8.33
2TC +%RR 6.9 57.59 0.99 8.61
2 TC + FRR 6.77 55.61 1.02 8.5
4 TC 6.21 54.84 0.93 8.03
4 TC + % RR 7.68 58.25 1.01 8.56
4 TC +% RR 6.77 53.58 0.96 8.36
4 TC+FRR 9.75 59.69 1.15 9.42
Mean 6.56 55.45 1.01 8.5
CV (%) 28.71 8.14 16.1 4.96
SE + 0.47 1.13 0.04 0.11

RR=recommended rate

FRR=Full fertilizer recommendation rate

TC = ton ha™ NSC
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Stem girth

Combination of NSC and CF at 4 TC + FRR gave the highest stem girth (1.15 cm) (Table 4.5)
an index to the importance of complementary use of the two nutrient sources on growth of
sorghum (Ayoola and Makinde, 2009).

Plant height

There was no significant difference in plant height in the interaction of NPK and NSC. In spite
of the insignificant difference recorded from the combined NSC and CF treatments (Table 4.5),
adequate nutrient required for early growth could be supplied from organic fertilization, by
enrichment with inorganic nutrients. This was contrary to the findings of Garba (2010) in a
greenhouse experiment using maize as test crop with significant effect. Perhaps, variations in the
soil characteristics as well as the ability of sorghum (the test crop) used in the present
experiment could account for better response to nutrient application.

Dry matter yield

Dry matter yield (DMY) was highest in pots where NSC was applied in combination with CF
(Table 4.5). This shows that complementary use of NSC with CF enhanced sorghum growth and
yield. Readily available nutrients would have been supplied by the CF for initial plant root
absorption and the immediate requirement of micro-organisms for organic matter decomposition

and subsequent nutrient release by the NSC would have been met.

In the sole NSC pots, the highest dry matter yield, plant height and stem girth were obtained
from the 2 ton ha™ treatment pots while the highest number of leaves was obtained from the 1
ton ha™, although the value was less than 8.72 obtained from the control treatment pots (Table
4.5). The interaction of NPK and NSC recorded increase for some treatment pots as well as a
decrease in others. For dry matter yield, seven out of the nine interaction treatment pots recorded

increase higher than the control pots. Three of the nine interactions recorded plant height that
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were higher than the control while two of the treatments had values that were higher than the
control for stem girth. Only the 4 TC treatment + FRR (9.42) had leaf number that was higher

than the control treatment (Table 4.5).

However, none of the treatments — sole NPK or NSC and the interaction — were statistically
significant at both the 0.01 and 0.05 level of probability for the four growth parameters studied
in the greenhouse (Table 4.4). Greenhouse study would give a clue of what could be obtainable
in the field as other environmental factors play substantial roles in the
mineralization/immobilization process. Also, soil sample used for greenhouse experiment would
only give results based on what was contained in them at sampling (Harmsen and Van Shreven,

1955; Raison et al., 1987).

4.3.2 Nutrient uptake studies

4.3.2.1 Effect of NSC and chemical fertilizer (CF) treatments on nutrients concentration of
sorghum tissue.

Main effects of treatments on N, P and K concentrations in sorghum tissue in the greenhouse are
shown in Table 4.6 and the interaction in Table 4.7.

Nitrogen

Higher N concentration (10.79 g kg™") in sorghum tissue was recorded with 4 t NSC ha™ (TC) +
FRR while %4 RR recorded the least (7.00 g kg™) (Table 4.7). This indicated the positive
interaction of NSC and CF on the improvement of soil fertility which enhanced sorghum plant
mineral composition (Garba, 2010). Although, there was no significant influence of treatment on
N concentration in sorghum tissue, the concentration of N increased with increasing level as
shown by the response from 0 — 2 t NSC ha™'. However, N content was depressed at 4 TC. The

control recorded the least N concentration in both cases which indicated the need for N for
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Table 4.6: Main effects of NSC and CF on nutrient concentrations of sorghum
tissue in the greenhouse

Treatment Concentration (g kg™)

N P K

NPK kg ha™ (N)

0 8.17 1.21a 10.45
/s RR 8.61 1.02b 2.64
72 RR 8.90 1.10ab 0.75
FRR 9.04 1.17ab 8.11
SE + 0.52 0.06 3.18

NSC tha™ (S)

0TC 8.02 1.21 2.61
1 TC 8.24 1.15 6.25
2TC 9.26 1.06 6.10
4 TC 9.19 1.08 7.00
SE + 0.52 0.06 3.18

Interaction (N x S)

N xS NS NS NS

N. B. Means followed by the same letter(s) are not statistically significant using DMRT
NS = Not significant at 0.05 level of probability

RR=recommended rate

FRR=Full fertilizer recommendation rate

TC = ton ha™ NSC
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Table 4.7: Interaction of NSC and CF on nutrient concentrations of sorghum tissue
in the greenhouse

Treatment Concentration (g kg™)
N P K
Control 8.17 1.22 8.21
74 RR 7.88 1.22 0.74
72 RR 7.00 1.14 0.74
FRR 9.04 1.25 0.74
1 TC 7.59 1.17 7.80
1 TC +% RR 9.04 1.08 0.78
1 TC+% RR 9.63 1.29 0.72
1 TC + FRR 6.71 1.05 15.69
2TC 7.88 1.04 7.48
2 TC+ Y% RR 9.34 0.90 0.77
2 TC+ % RR 10.21 1.00 0.75
2 TC + FRR 9.63 1.30 15.39
4TC 9.04 1.39 18.31
4 TC+ Y% RR 8.17 0.90 8.28
4 TC+ % RR 8.75 0.96 0.80
4 TC + FRR 10.79 1.08 0.62
SE + 0.07 0.07 0.21
NS * NS

*=Significant at 5% level of probability
TC= ton ha™ neem seed cake

FRR= Full fertilizer reccommendation rate
RR=recommended rate
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sorghum production in the soil. There was no significant difference in the interaction of NSC
and NPK on the concentration of N in sorghum tissue. However, the 4 TC + FRR (10.79 g kg™)
recorded the highest N concentration in sorghum tissue (Table 4.7). Though not significant, the
highest N concentration from the combined use of NSC and NPK fertilizers corroborates the
report of Murwira and Kirchmann (1993) that combination of organic-inorganic nutrient sources
could improve the synchronization of nutrient release and subsequent uptake by crop.
Phosphorus

Differences in nutrient concentration values were statistically significant (P < 0.05) for P in the
sole NPK treatments (Table 4.6). Phosphorus concentration in sorghum decreased with
increasing NPK with control (1.22 g kg™) performing better than any of the sole CF treatments
(Table 4.6). Similarly in the sole NSC treatments, phosphorus concentration was decreased with
increase in levels of NSC with control (1.21 g kg™) also performing better than any of the other
treatments (Table 4.6), but was not statistically significant (P < 0.05). However, in the NSC plus
CF treatments, the 4 TC recorded the highest P concentration (1.39 g kg™) in the sorghum tissue
while 2 TC + % RR and 4 TC + % RR, recorded the least P concentration (0.90 g kg™) (Table
4.7).

Potassium

There was no significant influence of treatments on K concentration in the sorghum tissue.
Potassium concentration of sorghum tissue was erratic with increase in levels of treatments
(Table 4.7). The rationale behind the trend observed in the greenhouse K concentration in this
study was not known. But, the inconsistency in the K concentration with increase in the levels
may suggest that K may have been well supplied in the soil and may not need K fertilization.
However, the 4 TC (sole NSC) recorded the highest concentration (18.31 g kg™) while the 4 TC
+ FRR gave the least (0.62 g kg™') value (Table 4.7). The level of K was observed to be higher in

the control (10.45 g kg™) plot than in any of the sole NPK treatments.
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4.3.2.2 Effect of NSC and CF on nutrient uptake by sorghum in the greenhouse

Data on the main effects of treatments on nutrient uptake by sorghum in the greenhouse are
presented in Table 4.8 and the interaction in Table 4.9.

N uptake

There was no significant difference on N uptake with treatment in the greenhouse in sole NPK
and NSC treatments. In sole NPK pots, % RR recorded the least (5.19 g pot™) N uptake while %
RR gave the highest (5.95 g pot™) which were not statistically different from other treatments.
There was no significant difference in N uptake in sole NSC pots with treatments in the
greenhouse. 1 TC recorded the least N uptake (5.31 g pot™) while 2 TC gave the highest (5.73 g
pot™) (Table 4.8). Effect of NPK and NSC interaction was not significant in the greenhouse.
However, % RR recorded the highest N uptake (8.34 g pot™) (Table 4.9).

P uptake

P uptake was significantly different (p < 0.05) with treatment effect in sole NPK pots. Control
recorded the least P uptake (0.65 mg pot™) which was statistically at par with % RR (Table 4.8).
%4 RR also recorded the highest P uptake (0.86 mg pot™) which was statistically different from
the control and % RR but similar to FRR (0.72 mg pot™). There was no significant difference in
P uptake in sole NSC pots with treatments in the greenhouse. 2 TC recorded the least P uptake
(0.66 mg pot-1) while control gave the highest (0.78 mg pot™). Effect of NPK and NSC
interaction was not significant in the greenhouse. However, %4 RR recorded the highest P uptake
(1.15 mg pot™) (Table 4.9).

K uptake

There was significant difference in K uptake with treatments in sole NPK pots. /2 RR recorded
the least K uptake (1.31 g pot™) while control gave the highest (5.09 g pot™) which was not
statistically different from other treatments. There was however no discernible pattern of

nutrient uptake in the greenhouse. 4 TC recorded the least K uptake (0.55 g pot™) while 1 TC
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Table 4.8: Main effects of NSC and NPK levels on nutrient uptake in the greenhouse

Treatment N uptake (gkg') P uptake (gkg™) K uptake (gkg")
NPK (kg ha™)

Control 541 0.65b 5.09
7 RR 5.95 0.86a 3.50
72 RR 5.19 0.65b 1.31
FRR 5.70 0.72ab 3.04
SE + 0.50 0.06 2.01
NSC (t ha™)

Control 5.62 0.78 1.92
1 TC 5.31 0.74 591
2TC 5.73 0.66 4.57
4TC 5.59 0.70 0.55
SE + 0.50 0.06 2.01
Interaction (N x S)

N xS NS NS NS

Means followed by the same letter (s) within the same column are not significantly different at P < 0.05

NS= Not significant
RR=recommended rate
FRR= Full recommended rate
TC= ton ha™ neem seed cake
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Table 4.9: Interaction of NSC and NPK levels on nutrient uptake in the greenhouse

Treatment N uptake (g kg™) P uptake(g kg™) K uptake(g kg™)
Control 5.29 0.74 6.14
7 RR 8.34 1.15 0.71
72 RR 4.87 0.64 0.42
FRR 3.99 0.58 0.39
1 TC 5.71 0.67 8.72
1 TC + % RR 5.12 0.91 0.48
1 TC +% RR 4.55 0.63 12.2
1 TC + FRR 5.80 0.77 0.62
2TC 6.45 0.53 5.03
2 TC + % RR 431 0.64 3.79
2TC +%RR 6.24 0.67 0.52
2 TC + FRR 5.33 0.64 0.52
4 TC 4.18 0.65 0.46
4 TC + % RR 6.10 0.72 10.66
4 TC +% RR 5.67 0.81 0.51
4 TC + FRR 7.02 0.75 0.61
SE + 0.19 0.06 0.38

RR=recommended rate
FRR= Full recommended rate
TC= ton ha™ neem seed cake
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gave the highest (5.91 g pot™). K uptake in sole NSC treatments decreased with increase in
quantity of organic amendment. Effect of NPK and NSC interaction was not significant in the
greenhouse. However, highest K uptake was recorded from 1 TC + %4 RR (12.20) (Table 4.9). It
is known that inorganic fertilizers release their nutrients rather fast for plants to utilize. This
accounts for the observed high value of the N content of crops fertilized with NPK fertilizer. N
leaching and gaseous emissions have been reported to be least with reduced N application (Guo
et al., 2007). This perhaps accounts for the low N applied in the sole NPK treatment having the
highest N content. Plant from control pot had a K uptake of 6.14 g, which is an indication of
additional contribution from the weathering of the base rock complex. Generally, uptake of
nutrients was better with sole NPK treatments. Sole NSC gave values similar with observed
from unfertilized plant. It even reduced N and P uptake (Table 4.8). The reduced N uptake in
sole NSC plant could be as a result of nitrogen chelation. This is a characteristics nature of
organic fertilizers (Ravankar et al., 2001). The applied N was, therefore, not made totally
available to the crops and so plants fertilized with NSC had even lower values than observed
from the control. However, a combined use of NPK and NSC fertilizers gave a higher N and K

value (Table 4.9).

4.3.3 Effect of NSC and chemical fertilizer (CF) on selected soil properties of cropped
greenhouse soils.

The study was to elicit information on the effect of NPK and NSC on soil physical and chemical
properties after cropping pots in the greenhouse using sixteen treatments. Data obtained was
subjected to Anova and results presented in Table 4.10 for main treatment effects and Table 4.11

for the interaction.
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Table 4.10: Main effects of NSC and CF on selected soil properties in the greenhouse after cropping.

Treatments PHvater PHeacn EA OoC N P K Ca Mg Na
NPK g kg (N) cmol kg'! gkg’ gkg' mg kg’ — cmol kg™ cmol kg’ cmol kg'!
0 6.0417a 5.2417 0.22ab 9.272 0.935ab 10.5 0.28ab 3.4167 0.5784 0.47

¥4 RR 5.9917ab 5.2833 0.23a 9.065 0.744c 11.23 0.3217a 3.6667 0.5783 0.4567
%2 RR 5.9333bc 5.2917 0.18b 8.453 0.847bc 11.67 0.2633b 3.0833 0.5738 0.4725
FRR 5.9025¢ 5.2333 0.18b 8.217 0.993a 11.67 0.2867ab 3.1667 0.5945 0.475
SE + 0.02 0.03 0.05 0.01 0.005 0.66 0.02 0.29 0.02 0.03
NSC ton ha™!

0TC 6.2025a 5.1667b 0.2083ab 7.973 0.760c 10.21b 0.2975ab 2.9000b 0.606 0.4475
1 TC 5.9500b 5.3417a 0.2417a 9.368 0.921ab 12.40a 0.3042a 3.2500b 0.5923 0.4692
2TC 5.8833¢ 5.3083a 0.1917b 9.176 1.022a 10.65ab 0.2525b 4.2000a 0.5448 0.4475
4TC 5.8333¢ 5.2333b 0.1750b 8.489 0.817bc 11.81ab 0.2975ab 2.9833b 0.5818 0.51
SE + 0.02 0.03 0.05 0.01 0.005 0.66 0.02 0.29 0.02 0.03
Interaction (N x S)

N xS NS S NS NS NS NS NS NS NS NS

N. B.: Means followed by the same letter (s) within the same column are not significantly different at p < 0.05 using DMRT
NS = Not significant at 0.05 level of probability; S= Significant at 0.05 level of probability
TC = ton ha™ NSC

RR=recommended rate
FRR=Full fertilizer recommendation rate
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Table 4.11: Interaction of NSC and CF on selected soil properties in the greenhouse after cropping

Treatment PHuwater pHcacr ocC EA Ca Mg K Na Av.P TKN

g kg — cmol kg™! — mg kg g kg
Control 6.37 5.07 8.57 0.20 3.60 0.63 0.29 0.46 8.75 0.59
74 RR 6.23 5.17 8.70 0.23 2.80 0.56 0.35 0.38 9.92 0.70
72 RR 6.10 5.23 8.06 0.20 2.67 0.53 0.28 0.47 10.50 0.82
FRR 6.11 5.20 6.57 0.20 2.53 0.70 0.26 0.48 11.67 0.94
1 TC 5.97 5.27 9.53 0.30 3.73 0.60 0.33 0.44 12.25 0.99
1 TC + % RR 5.97 5.40 9.53 0.23 3.53 0.61 0.35 0.51 12.83 0.76
1 TC+%RR 5.87 5.30 9.91 0.20 4.87 0.54 0.24 0.46 9.92 0.82
1 TC + FRR 5.90 5.27 8.12 0.27 3.47 0.60 0.35 0.47 12.25 0.70
2TC 5.90 5.30 9.78 0.17 3.87 0.52 0.23 0.44 11.08 1.23
2TC + % RR 5.97 5.40 8.70 0.20 2.80 0.60 0.22 0.50 12.25 0.94
2TC +%RR 5.87 5.27 7.74 0.20 3.93 0.59 0.27 0.43 11.67 0.93
2 TC + FRR 5.80 5.27 8.38 0.13 2.93 0.58 0.29 0.49 12.25 0.70
4 TC 5.93 5.33 9.21 0.20 2.47 0.57 0.27 0.55 9.92 0.93
4 TC + % RR 5.90 5.30 9.72 0.23 2.93 0.56 0.32 0.43 12.25 0.99
4 TC+ % RR 5.90 5.37 9.27 0.2 4.13 0.53 0.27 0.46 9.92 1.11
4 TC + FRR 5.70 5.07 8.25 0.1 3.07 0.58 0.29 0.53 12.83 0.93
SE + 0.02 0.02 0.05 0.01 0.25 0.02 0.01 0.02 0.57 0.04

TC= ton ha' neem seed cake
RR = recommended rate
FRR=Full fertilizer recommendation rate
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4.3.3.1 pH in water

Sole application of CF and NSC slightly reduced soil pH in water. The magnitude of decrease
increased with the increase in level of either of the soil amendments. The same trend was also
observed in the sole CF and NSC for exchangeable acidity except the % RR (0.23) and the 1 TC
(0.24). This conforms to the findings of Agbenin et al. (1999) and Garba (2010) where maize
was used as the bioindicator in which the ability of NSC to increase H" and AI’* were reported.
Also, the decrease in rhizosphere pH as plants receive ammonium ions are caused by hydrogen
ions exuded by the root to maintain electro-neutrality or charge balance inside the plant (Tisdale
et al., 2003). Thus, NSC with ammonium ions been the form of which substantial quantity of the
available N was released into the soil, evident from the laboratory incubation study (Table 4.14)
was able to decrease the soil rhizosphere pH by the hydrogen ions concentration released from
every conversion to nitrate, while exudate by the sorghum plant roots ensured the maintenance

of the electro-neutrality of the crop.

4.3.3.2 Exchangeable Acidity (EA)

There was significant difference in EA with treatments in sole NPK treatments. %2 RR (0.23)
recorded the highest value (0.23 cmol kg™) of EA than any of the other treatments (Table 4.10),
including the control (0.22) which was statistically similar to the /2 RR and FRR (0.18). In the
sole NSC treatments, the 1 TC (0.24) recorded the highest exchangeable acidity which was not
statistically different from the control (0.21) but was different from the 2 TC (0.19) and the 4 TC
(0.18) which were statistically the same (Table 4.10). The treatment interaction was not
significant (P < 0.05). The 4 TC + FRR (0.10) gave the least exchangeable acidity while the 1

TC (0.30) recorded the highest value which was higher than the control (0.20) (Table 4.11).
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4.3.3.3 Organic carbon (OC)

Main effects of CF seemed to decrease the OC content of the soils from 9.27 g kg™ for the
control (0 RR) to 8.22 g kg for FRR. Reasons for this observation though not significant, can
be attributed to higher microbial activity of the soils with higher levels of fertility as a result of
the treatments. Also, OC values seemed to decrease with increasing levels of NSC of the NSC
treated soils. However, the control value was lower (7.97 g kg™). Though, this may be contrary
to expectation, the higher level of microbial activity can only be suggested here for this

observation. It also depicts strong interaction of NSC and CF on soil reactivity.

4.3.3.4 Nitrogen (N)

Main effects of CF and NSC significantly increased the N concentration in the soil after
cropping (Table 4.10). FRR (0.99 g kg™) gave the highest N concentration in the sole NPK
treatment which was not statistically different from the control (0.94 g kg™) while the % RR
(0.74 g kg™) recorded the least N content which was statistically different from the control but
similar to the % RR (0.85 g kg™) (Table 4.10). In the sole NSC treatment, the 2 TC (1.02 g kg™)
gave the highest N concentration after cropping while the control (0.76 g kg™) recorded the least
N concentration. Effect of NSC and CF was not significant on total N. However, the 4 TC + 2
RR (1.10 g kg™) gave the highest N concentration among the NSC and CF treatments, while the
2 TC (1.23 g kg™ recorded the highest concentration when treatment interaction were compared
(Table 4.11). This showed that combined applications of organic and inorganic fertilizers
increased total soil N values more than sole application of inorganic fertilizer. The combined
application of organic materials and inorganic fertilizers enhanced soil N mineralization rate,

which resulted in a larger size of available N pool.
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4.3.3.5 Phosphorus

Main effects of treatments on soil available phosphorus after cropping were not significant in
sole NPK (Table 4.10). The available P increased with increasing CF with the 2 RR and FRR
being at par with the highest concentration (11.67 mg kg™) and the control (10.50 mg kg™') gave
the least P concentration after cropping. In the sole NSC treatments, the 1 TC (12.40 mg kg™)
gave the highest P concentration which was statistically similar to the 2 TC (10.65 mg kg™) and
the 4 TC (11.81 mg kg™) while the control (10.21 mg kg™) recorded the least P concentration
which was statistically different from any of the other treatments (Table 4.10). The significant
difference in the sole NSC treatments could be attributed to the more gradual and presumably
more in synchrony with crop nutrient demand of nutrient release from organic inputs than with
inorganic fertilizers (Kayuki and Wortmann, 2001). However, when the treatments were
combined, 1 TC + % RR and 4 TC + FRR (12.83 mg kg™) recorded the highest P concentration
after cropping. This trend in the interaction could be attributed to inadequate P content of NSC

when used alone, thus, the better response when used in combination with inorganic P.

4.3.3.6 Exchangeable bases (K, Ca, Mg and Na)

Effect of sole NPK treatments was not significant (P < 0.05) on soil exchangeable bases except
for K (Table 4.10). The higher content of exchangeable K (0.35 cmol kg™ in the % RR) in sole
NPK fertilizer amended pots (Table 4.10) compared with the NSC treated pots at the end of the
cropping might be attributed to the quick release of nutrients from the fertilizer, since nutrients
are slowly released from organic sources. There were significant (P < 0.05) increase in
exchangeable K and Ca in the sole NSC pots. This significant difference could be attributed to
improved soil organic matter status of NSC amended pots, since soil organic matter is a natural

source of nutrients and CEC.
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4.3.4 Inter-relationships of selected soil properties after cropping (Greenhouse
experiment).

Factor analysis was used to investigate the role of different commonly measured soil properties
in the determination of the effect of treatments on soil properties. These analyses were
performed to identify the parameters which play a role in soil physico-chemical properties as
influenced by treatments. On the basis of the rotated component matrix it was then possible to
identify the most significant variables within the group of components and the degree of inter-

relationship between these presented in Tables 4.12 and 4.13.

4.3.4.1 Principal component analysis of selected soil properties

The factor components (FCs) with eigenvalues > 1 were retained, since Eigenvalues < 1
indicated that the factor could explain less variance than an individual soil property. Eigenvalues
from the correlation analysis indicated that the first five factor components accounted for 74 %
of the variance of soil properties raw data (Table 4.12). The first factor component (FC 1)
explained 26% of the total variance followed by the second factor component (FC 2), the third
factor component (FC 3), the fourth factor component (FC 4) and the fifth factor component (FC

5) which explained 15%, 12%, 11% and 9% of the total variance respectively (Table 4.12).

A high communality estimate suggests that high portion of the variance was explained by the
factor components; therefore, it would get higher preference over a low communality estimate
(Garson, 2007; Dunteman, 1989). Magnitudes of the eigenvalues were used as a criterion for

interpreting the relationship between measured soil properties and factor components. The FC 1
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Table 4.12: Eigenvalue, proportion and cummulative variance explained by factor analysis using correlation matrix of 11 soil
properties in the greenhouse.

Component — % N
Eigenvalue Proportion
Cummulative
1 2.903 24.190
24.190
2 1.887 15.724
39.914
3 1.44 12.000
51.914
4 1.342 11.186
63.101
5 1.332 11.103
74.204
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Table 4.13: Proportion of variance using varimax rotation and kaiser normalized, and communality estimates for 11 soil

properties (principal component method) in the greenhouse.

Communality

Soil properties FC 1 FC2 FC3 FC 4 FC5 estimates
pHyater -0.194 -0.733 0.062 0.362 -0.045 0.712
pHcacn2 0.108 0.503 -0.22 0.291 -0.056 0.401
Exchangeable acidity 0.096 -0.014 0.029 0.906 -0.016 0.832
Organic carbon -0.033 0.362 -0.521 0.329 -0.069 0.516
Calcium 0.98 0.001 -0.059 0.077 -0.106 0.981
Magnesium -0.082 -0.162 0.249 0.171 0.832 0.816
Potassium -0.091 -0.136 0.754 0.125 -0.084 0.617
Sodium -0.014 0.08 -0.339 -0.349 0.732 0.779
Available phosphorus -0.06 0.541 0.599 -0.033 0.252 0.72
Nitrogen 0.011 0.741 -0.051 0.041 -0.108 0.565
Effective Cation Exchange

Capacity 0.984 -0.014 -0.014 0.119 0.014 0.982

The rotation convergent in 12 iterations.

Factor scores of variables in bold letters indicate the major contributors in the group. FC — factor component
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explained 26% of total variance (Table 4.13) which included exchangeable calcium and
effective cation exchange capacity (communality estimate > 0.90 for each variable) as the major
contributing variables, was directly related to ‘soil potential exchange capacity properties’ with
a positive loading of exchangeable Ca and ECEC. The FC 2, named °‘soil highly potential
nutrient properties’ explained 16% of variance with positive loading from pHcacp, organic
carbon and nitrogen; and a negative loading from pHyaer (Table 4.13) (communality estimates
varied between 0.40 and 0.71 for different variables) as the major contributing variables. The
‘soil highly potential nutrients’ included soil organic carbon and nitrogen which played crucial
role for nutrient holding in soil pool and responsible for plant vegetative growth as well,

respectively.

The NSC acidified the soil in agreement with reports of decreased pH of red sandy soil under
neem vegetation in the Sudan Savanna of Nigeria due to accumulation and mineralization of
neem leaf litter (Agbenin et al., 2008). This is one problem that may arise from NSC application.
However, the increasing exchange acidity and decreasing pH caused by NSC incorporation into
this soil were probably a consequence of increasing nitrification of NH4-N released from
mineralization of the NSC. This present finding was consistent with that of Adams (1984) who
explained that for each mole of NH4-N nitrified or oxidized to NO3-N, two moles of proton (H")
are generated through the reaction: NH;" + 20, — NOs™ + 2H" + H,0. However, it is unlikely
that NSC would acidify the soil to the same degree under field conditions as it did in the
laboratory closed-system incubation, because protons generated from nitrification of NH4-N can
be neutralized by OH" ions released by plant roots when NOs-N is absorbed (Mohammed, 2009;
Boumann et al., 1995). Declining pH would also have contributed to loss of pH-dependent

charges consistent with decreased ECEC at the end of eighth (8") week after NSC application.
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This seems supported by negative loading of pH on factor 1 (Table 4.13) in contrast to the

positive ECEC loading on the same factor.

Similarly, FC 3, called the ‘soil moderately potential nutrients’ explained 12% of the variance
had positive loading for exchangeable K and available P (communality estimate for
exchangeable K = 0.62 and for available P = 0.72) (Table 4.13) as the major contributing
variables. FC 4, termed the ‘soil acidifying properties’ explained 11% of variance had positive
loading from exchangeable acidity (communality estimate for exchangeable acidity = 0.83)
while FC 5, called the ‘soil additional properties’ also explained 11% of variance which
included exchangeable magnesium and sodium (communality estimate of 0.78 and 0.82 for
sodium and magnesium respectively) as the major contributing variables (Table 4.13). The
decrease in exchangeable K evident from the negative loading in FC 5 could have engendered
by its displacement from the exchange sites by Ca and Mg. This could be predicted by cation
exchange theory of preferential adsorption of divalent to monovalent cations in soil colloids
(Marshall, 1964). Thus, it had the associate influence with ‘soil moderately potential nutrients’.
Consequently, in the study of soil chemical properties following incorporation of NSC in the
greenhouse, ‘soil potential exchange capacity’, ‘soil highly potential nutrients’, and ‘soil
moderately potential nutrients’ were the three most important factors that influenced the nutrient

components and caused influences on sorghum production in the greenhouse.

4.3.5 Soil organic carbon dynamics in cultivated and uncultivated greenhouse pots.

In this experiment, the soil was separated into four fractions as described: greater than 250 pm;
greater than 125 pm to less than 250 um, 125 pm and less than 50 pm - after wet-sieving of both
cultivated and uncultivated pots are presented in Table 4.14. The highest OC content (2.765 g

kg™ associated with macro-aggregate (> 250 um) was obtained from 4 TC while the least
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Table 4.14: Organic carbon dynamics (g kg™) of cultivated and uncultivated greenhouse

pots after wet-sieving into four fractions.

Cultivated Cultivated Cultivated Cultivated

Treatment > 250pm > 250pm <125 pm 125 pm <50 pm

— g kg'l —
Control 2.217 12.197 3.627 2.418
¥4 RR 1.612 3.224 2.015 2.015
2 RR 1.411 2.418 2.418 4.030
FRR 1.612 2.519 3.224 2.217
1 TC 2.015 2.144 3.023 1.209
1 TC+ % RR 1.209 0.504 2.015 1.612
1 TC+ % RR 0.806 2.418 2.821 1.612
1 TC + FRR 2.217 1.791 1.814 1.411
2 TC 1.411 1.511 2.217 1.814
2TC+Y%RR 0.198 1.580 1.185 0.988
2TC+ % RR 1.580 0.933 2.173 0.988
2 TC + FRR 1.383 0.506 1.185 0.988
4 TC 2.765 0.790 1.383 0.593
4TC+Y%RR 0.395 0.420 1.383 1.778
4TC+%RR 1.778 1.317 1.383 0.790
4 TC + FRR 0.988 0.790 1.383 1.383

Uncultivated Uncultivated Uncultivated Uncultivated

>250pm >250pm <125 pm 125 pm <50 pm
Control 0.004 1.425 1.425 2.195
4 RR 2.036 1.629 1.221 1.197
2 RR 2.036 2.036 1.221 0.798
FRR 1.221 2.239 0.204 1.197
1 TC 0.407 2.239 0.814 1.397
1 TC+ % RR 0.407 1.832 1.018 1.397
1 TC+ % RR 1.221 0.204 1.425 0.399
1 TC + FRR 1.629 2.239 1.629 0.798
2 TC 1.629 2.036 1.018 1.197
2TC+Y%RR 1.629 1.629 1.425 1.796
2TC+ % RR 4.071 1.629 2.646 3.294
2 TC + FRR 4.479 1.832 2.443 0.798
4 TC 4.071 1.629 2.239 0.200
4TC+Y%RR 4.071 1.018 2.239 1.197
4TC+%RR 3.664 1.425 3.257 1.596
4 TC + FRR 5.293 1.425 2.036 0.399

RR=recommended rate
FRR= Full recommended rate
TC= ton ha™ neem seed cake
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content (0.988 g kg™) was recorded from the 4 TC plus FRR for the uncultivated pots (Table
4.14). For the uncultivated pots, microaggregate (> 125 um to < 250 um) fractions, the control

recorded the highest OC content (Table 4.14).

However, in the cultivated pots, the highest OC content associated with macro-aggregates was
obtained from the 4 TC + FRR (5.29 g kg™) while the control recorded the least concentration
(0.004 g kg™). For the micro-aggregate fractions on the other hand, FRR, 1 TC and 1 TC (2.24 g
kg™) recorded the highest OC content while 1 TC + % RR (0.20 g kg™) gave the least OC for the
> 125 pm to < 250 pm. Similarly, 4 TC + % RR (3.26 g kg™') recorded the highest OC content
while FRR (0.20 g kg™") had the least for the 125 um soil fraction. Also, 2 TC + % RR (3.29 g
kg') and 4 TC (0.2 g kg-1) had the highest and least OC content respectively in the 50 pm soil

fraction (Table 4.14).

Analysis was not replicated for test of significant effects by treatments, as alterations in soil
structure and increased soil organic matter losses could only be evident in long term cultivations
(Dalal and Mayer, 1986). However, it could be inferred from the data of the cultivated and
uncultivated pots that complementary use of high quantities of NSC (4 TC) and chemical
fertilizer (FRR) did not enhance macroaggregate OC fractions which are less stable than
microaggregates (Edwards and Bremmer, 1967; Oades, 1984; Beare ef al., 1994). 4 TC + FRR
recorded the least OC macroaggregate content (0.988 g kg™) in the uncultivated pots while on
cultivation gave the highest macroaggregate OC content (5.29 g kg™). This probably implied
that cultivation of the pot with high quantities of both NSC and CF did not disrupt soil
aggregates by exposing more organic matter to microbial attack as microaggregates were formed
on cultivation (Edwards and Bremner, 1967; Gregorich et al., 1989), aside the physical

protection of OC within stable macroaggregates (Elliot, 1986; Gupta and Germida, 1988).
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Control with higher macroaggregates in the uncultivated pots had the least macroaggregates in
the cultivated pots as much of the SOM was lost due to mineralization of SOM binding
microaggregates to macroaggregates. This is because macroaggregates are more susceptible to
the disruptive forces of cultivation and to the dispersion that results from rapid wetting of the

uncultivated pots (Tisdall and Oades, 1980, 1982).

4.3.6 Comparison of total soil carbon and selected soil quality parameters

Studies on the turnover of microbial biomass carbon (C) in soils had been reported to provide
useful information regarding the quality of organic matter in soils (Chaussod et al., 1988; Chen
et al). Particulate Organic Matter Carbon (POMC) was calculated as the summation of the OC
from each of the four fractions - greater than 250 um; macroaggregates, greater than 125 pm to
less than 250 um, 125 pm and less than 50 pm - (Section 4.3.4) as one of the two measures of

soil quality parameters in the greenhouse and the result presented in Table 4.15.

In the uncultivated pots, 4 TC + 2 RR recorded the highest total particulate OC (0.59 and
relative proportion of particulate OC (0.51) while control gave the least total particulate OC
(0.13), 1 TC + 2 RR and 2 TC + FRR (13) both gave the lowest relative proportion of
particulate OC (Table 4.13). In the cultivated pots, 2 TC + FRR recorded the highest POMry
(0.41) and POMg (0.52) while 4 TC + Y4 RR gave the least POMr (0.14) and POMy (0.16)
values (Table 4.15). The relatively low fractions obtained in the cultivated pots compared to the
uncultivated pots could be attributed to nutrient release and corresponding uptake by sorghum
plants thereby destroying the organic matter in the cultivated pots. The relatively higher POMr
and POMgR recorded in the 2 TC + FRR of the cultivated pots would imply that at that

complementary rates of NSC and NPK fertilizer, the sorghum plants had enough nutrient uptake
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Table 4.15: Particulate organic matters(POM) statuses of active or labile SOM for cultivated and uncultivated pots receiving
different treatments of NSC and/ or inorganic fertilizers

Cultivated pots Uncultivated pots
Organic Organic
carbon (%)  Total soil carbon (%) Total soil
particulate organic particulate organic
Treatment fraction carbon (%) POMry POMr fraction carbon (%) POMry POMr

Initial soil sample 0.69 0.44 0.19 0.42

Control 1.14 0.93 0.34 0.37 0.59 0.44 0.13 0.29
74 RR 0.73 0.99 0.22 0.22 0.55 1.00 0.14 0.14
72 RR 0.75 0.97 0.23 0.24 0.93 0.95 0.24 0.25
FRR 0.67 0.95 0.25 0.26 1.00 1.09 0.26 0.24
1 TC 0.73 0.98 0.21 0.22 0.89 1.04 0.21 0.2
1 TC+ Y% RR 1.00 0.92 0.3 0.33 0.73 0.93 0.20 0.22
1 TC+%RR 1.00 0.81 0.28 0.34 0.62 1.06 0.14 0.13
1 TC + FRR 0.65 0.49 0.25 0.52 1.10 1.04 0.32 0.31
2TC 0.63 0.81 0.25 0.3 1.31 0.95 0.44 0.46
2 TC+ YRR 0.75 0.87 0.30 0.34 1.21 1.11 0.38 0.34
2 TC+%RR 0.67 0.95 0.20 0.21 0.79 1.06 0.20 0.19
2 TC + FRR 1.35 0.77 0.41 0.52 0.81 1.37 0.18 0.13
4 TC 1.20 0.84 0.36 0.42 0.75 1.06 0.15 0.15
4 TC+ YRR 0.47 0.87 0.14 0.16 0.95 1.06 0.32 0.30
4 TC+ % RR 0.51 0.86 0.19 0.23 2.31 1.15 0.59 0.51
4 TC + FRR 1.08 0.82 0.32 0.39 0.69 1.06 0.20 0.19

POMr = Total particulate organic carbon ; POMg = Relative proportion of particulate organic carbon; 0-, 1-, 2- and 4 NSC =0, 1, 2 and 4 ton inclusion level per hectare of
neem seed cake; 0-, V4-, ¥5- and full NPK = 0, Y4, %2 and full optimum recommended NPK rate for sorghum in the region; TC = ton ha” NSC; RR = recommended rate; FRR=
full recommended rate.
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from the inorganic fertilizer while the organic amendment helped in stabilizing the soil as soil

aggregates were not exposed to microbial attack.

To affirm relationship between the total soil C and selected soil quality parameters, regression
analysis was employed. Particulate organic matters (POM) statuses of active or labile SOM were
estimated, and are presented in Table 4.15. For the uncultivated and cultivated pots, the
following equations were obtained respectively:

Y =0.1664X + 0.0854; r = 0.2452 (1)

Y =-0.1282X + 0.3754; r = 0.2258 (i1).
Where, Y is the soil total organic carbon, X is the particulate organic carbon and r is the

regression coefficient.

The disparity in the r-values of the uncultivated (i) and cultivated (ii) pots could be attributed to
the interaction between the sorghum plant roots and the soil in the latter which according to Six
et al. (2000) was attributed to a less physical perturbation, resulting in macro aggregates under
no tillage that are enriched in fine POM, which is more resistant to decomposition. Also, from
the theorized hierarchical approach to aggregate formation, Tisdall and Oades (1982) submitted
that macro aggregates (>0.25 mm) form as a result of root entanglement and polysaccharides
produced by heterotrophic micro organisms decomposing POM that glue together micro
aggregates (0.05 to 0.25 mm). Furthermore, the two main objectives of organic matter
management in agricultural systems are to (1) restore or maintain SOM to benefit soil quality
and (2) supply crops with nutrients contained within or associated with SOM (Bruce et al.,
1990). These two objectives are not always compatible (Bouldin, 1987) because mineralization
that releases nutrients also destroys SOM. Thus, a decrease in the r-value of the cultivated (r =

0.2258) and uncultivated (r = 0.2452) pots due to nutrient release for sorghum top uptake.
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Total soil C data were also fitted in a linear regression analysis against selected soil quality
parameters - Particulate Organic Matter Carbon (POMC) and Soil Microbial Biomass Carbon
(SMBC) - to test the correlations for significance and are presented in Table 4.15. Soil Microbial
Biomass Carbon correlated with Soil Total Organic Carbon (TOC) (r = 1) in accordance with
Leita et al. (1999) submission that biomass C increases when organic wastes are added to soil,
showing long-term effects. Also, the size of the living community in the soil, the microbial
biomass, was generally positively related to the SOM level; rarely was rate of microbial carbon
(Cmic) less than 1% or more than 5% of the total SOC (Carter, 2001; Dalal, 1998). Additionally,
increases in SOM are usually associated with similar increases in microbial biomass, because

SOM provides the principal substrates for microorganisms (Weil and Magdoft, 2004).

Similarly, Johnson (1992) and Wardle (1992) submitted that microbial growth in soils typically
was resource limited and growth increased rapidly in response to added carbon sources. The
availability and composition of organic matter are key factors affecting microbial biomass, and
also community composition (Facelliand and Pickett, 1991; Boehm, et al., 1997). NSC, just like
manure, contains high concentrations of labile, easily degradable compounds, leading to a rapid
increase in microbial biomass in soils shortly after application. It also helped to reduce the stress

symptoms enabling soil microbial biomass to increase quickly (Clemente et al., 2007).

4.3.7 Derivations from the greenhouse works

The following observations were made from the greenhouse experiment:

o Highest number of leaves (9), dry matter yield (9.75 g pot™) and plant height (56.69 cm)
were obtained from the 4 TC + FRR treatments while 2 TC + %4 RR gave the widest stem girth

of 1.23 cm;
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J Highest P (1.39 g kg™) and K (18.31 g kg™) contents were obtained from sorghum tissue
that received 4 t NSC ha™ while 4TC + FRR gave sorghum tissue with the highest N content
(10.79 g kg™);

J Highest N uptake (7.02 g kg') was obtained from 4 TC + FRR; P uptake (1.15 g kg™
from ' RR and K uptake (12.20 g kg™) from 1 TC + % RR;

o Soil physico-chemical properties was better enhanced with complementary use of NSC
and NPK fertilizer with 1 TC + % RR with the highest OC content of 9.91 g kg™', 4 TC + FRR
with the highest available P (12.83 mg kg™) while sole NSC application at 2t ha” gave the
highest N content (1.23 g kg™) after cropping soils in the greenhouse;

. Result of the factor analysis explained that ‘soil potential exchange capacity’, soil highly
potential nutrients’ and ‘soil moderately potential nutrients’ were the three most important
factors that influenced the nutrient components and characteristics of NSC which influenced
sorghum production in the greenhouse;

J However, it could be inferred from the data of the cultivated and uncultivated pots that
complementary use of high quantities of NSC (4 TC) and chemical fertilizer (FRR) did not
enhance macroaggregate OC fractions which are less stable than microaggregates, 4 TC + FRR
recorded the least OC macroaggregate content (0.988 g kg™) in the uncultivated pots while on
cultivation gave the highest macroaggregate OC content (5.29 g kg™);

. 2 TC + FRR gave the highest total and relative particulate organic matter content (0.41
and 0.52 respectively) in the cultivated pots which implied that complementary use of NSC and
NPK fertilizer ensured that the sorghum plants had enough nutrient uptake from the inorganic
fertilizer while the organic amendment helped in stabilizing the soil as soil aggregates were not

exposed to microbial attack.
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4.4  Decomposition and Mineralization Experiments

4.4.1 Laboratory incubation studies using sintered funnel

N mineralization pattern was studied using 2.64g of NSC mixed thoroughly with 50g of soil in
the laboratory. Seven sampling periods were used to determine the rate of N released from
collected leacheate by distillation. The data collected from the study were subjected to five
decomposition models to determine the best model for predicting N release from NSC and
ascertain if the model could be employed for future predictions in the field. Result of the
laboratory nitrogen mineralization studies of NSC using sintered funnel is presented in Table
4.16. The data showed an increase in the ammonium-N, nitrate-N and mineral-N with time. The
cumulative N mineralization showed initial rapid rate in the first 21 days followed by slower
release with time (Figure 4.1). At 98 days, cumulative N mineralization represented 50% of total
N applied as neem seed cake. The N mineralization pattern showed that ammonium-N fraction
in the soil far exceeded nitrate-N fraction (Figure 4.1), accounting for 91.5 % of N mineralized
from the organic material. This was in agreement with findings of Agbenin et al. (1999) where

94% of N mineralized was from the ammonium fraction.

The goodness-of-fit of the models were determined by the R?, & * and RMSE values. The best
models were by the highest R” value and least X > and RMSE values. N mineralization pattern
from neem seed cake was best described by a consecutive (h=k) model (R* = 1; RMSE = 0.01).
Although, the Gompertz and mixed order rate models also modeled the mineralization fairly
well (Table 4.17) judging from the R* and RMSE values, the negative rate constant (-0.0002)
and potentially mineralized N obtained from the former, and coefficient of variation (-4E-6) of
the latter do not make either of the two models superior to the consecutive (h=k) rate order

model. The relatively high &  value (4.65E+8) obtained with the consecutive model (h=k)
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Table 4.16: Ammonium-N, nitrate-N and Mineral-N mineralized during laboratory

incubation of NSC using sintered funnel.

Time in days Ammonium-N Nitrate-N Mineral-N
mg kg™
0 0.000000 0.000000 0.0000000
7 0.001190 0.000163 0.001353
14 0.002007 0.000117 0.002123
21 0.002077 0.000163 0.002240
28 0.002007 0.000163 0.002123
42 0.002147 0.000233 0.002333
56 0.002217 0.000303 0.002473
98 0.002322 0.000338 0.002613
Total 0.013965 0.001481 0.015260
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Figure 4.1: Cumulative total mineral-N, NH;"-N and NO3™-N released during laboratory

incubation
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Table 4.17: Goodness-of-fit statistics, and parameter estimates of five mathematical models fitted to inorganic N mineralized from neem
seed cake decomposition in the laboratory

Model R’ X Cv RMSE No N. k h
First-order rate 031  -97.36 22.75 1.77 123.6 2.09 4560.2 3.7
consecutive (h#k) 1 -3099.41 1.4 0.02 -1.13E-07 -0.0066 2.2
Consecutive (h=k) 1 465110518 0 0.01 67.26 42.806

Gompertz 1 1.12 0 0.01 -1.56E-04 -0.0002 3.7
Mixed-order 1 372.41 -4.00E-06 0.01 4665.5 -4.00E+19 20

LEGEND: CV = Coefficient of Variation; R = Coefficient of Determination; RMSE = Root Mean Square Error; N, = potentially mineralized N at time 0 in mg kg';
N, = Additional term to accommodate the initial rapid N flush in mg kg™'; h and k are constants.
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shows the inefficiency of laboratory incubation studies to simulate field conditions. The
consecutive reaction model with an additional parameter h was not superior to its simpler form
with a single rate constant (h#k). The N mineralization pattern was not adequately described by
a first order rate equation compared to other mineralization models probably because N
mineralization from neem seed cake was not simply a function of substrate N concentration in
the residue, a fundamental assumption of a first order rate decomposition model (Stanford and

Smith, 1972; Jones, 1984; Agbenin et al., 1999).

Result of this study would suggest that consecutive reaction model with a single rate constant
(h=k) gave the best N mineralization pattern description from neem seed cake in the laboratory.
This could be attributed to the fact that neem seed cake passed through an intermediary and from
the intermediary to products following the first order rate kinetics with equal rates to the
formation of intermediary and products (h=k). This finding was contrary to that of Agbenin et
al., (1999) where a Gompertz function and mixed order rate were adequate, but, corroborate the
submission of Diaz-Firros et al. (1988) where a consecutive reaction model described the
kinetics of N mineralization from cattle slurry incorporated into a soil. The assumption of a
single rate constant for a consecutive reaction model (h=k) did not decrease the fit of the model

to the mineralization pattern.

The mineralization rate constant estimated by the simple first order rate model was 4560.2 mg
kg' day™ while that of a consecutive reaction was k = -6.6E-3 mg kg™ day"' and h=2.2 mg kg™
day’. When k = h, the overall rate constant k was 42.806 mg kg™ day'. The overall rate
constant obtained in this laboratory study could not be used to predict the amounts of
mineralization with time as it depicts a relatively slow (Tso of 0.016 day") N mineralization

which might not be feasible in the field. However, the cumulative N released at the end of the
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experiment was 0.015 mg kg N from 2.64g NSC. Therefore, the estimated N released per
hectare from 1t NSC and its equivalent will be 5.68 kg N ha™. This value is however relatively

lower than the N requirement for sorghum growth or mineralized under field condition.

4.4.2 Field incubation studies using PVC tubes

4.4.2.1 Cummulative N mineralized

The mean inorganic N mineralized (mg kg™) from NSC as influenced by NPK levels over a
period of thirty-two weeks of sorghum growth in the field was measured using covered PVC
tubes and the results presented in Tables 4.18 and 4.19 respectively for the two years. In the sole
NPK plots, an inconsistent mineralization pattern was observed across the sampling periods
(Tables 4.18 and 4.19). In 2009, the highest mean inorganic N (69.56 mg kg') across the
sampling period was obtained from % recommended rates (RR) while the ¥ RR (66.38 mg kg™)
gave the least mean inorganic N. However, there was no significant difference in measured

inorganic N with respect to treatment across the seven sampling dates in the sole NPK plots.

There was no significant difference in the inorganic N mineralized for six out of the seven
sampling periods in the sole NSC plots in 2009 (Table 4.18). There was significant difference (P
< 0.05) in inorganic N mineralized during the fourth week. 4 TC (69.65 mg kg™) recorded the
highest concentration while the control (49.09 mg kg™) gave the least which was statistically
different from 4 TC but similar to 1 TC (62.35 mg kg") and 2 TC (61.03 mg kg™) (Table 4.18).
The eighth week of sampling recorded an increase in the inorganic N mineralized in the sole
NSC plots with the highest concentration from the control (102.82 mg kg™) and the least from 4
TC (78.94 mg kg™). The rationale behind this sudden flush was however not understood. There
was uniform inorganic N (31.84 mg kg™') concentration in the twelfth week from the sole NPK

and NSC plots (Table 4.18). This corroborates the submission of Jenkinson (1981) who reported
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Table 4.18: Pattern of Inorganic N Mineralization (mg kg'l) of NSC as influenced by NPK treatment over a period
of 32 weeks of sorghum growth in the field in 2009

Inorganic N mineralized (mg kg™)

Treatment — WEEKS OF SAMPLING —

NPK kg ha™'(N) 2 4 6 8 12 19 32 Mean Total
0 72.04 59.7  100.16 56.38 31.84 62.69  39.8 68.95
% RR 82.38 5837 869  53.07 31.84 53.07 36.48 66.38
5 RR 65.67 6633 922 723 31.84 56.72  42.45 69.56
FRR 82.38 5771 9552 55.72 31.84 46.77  39.8 67.34
SE + 12.42 4.85 935  6.64 0 6.02  5.15 2.29
NSC t ha(S)

0 TC 5492  49.09b 102.82 54.39 31.84 59.04  36.48 64.69
1 TC 79.2  62.35ab  90.88  58.37 31.84 53.4 3781 67.85
2 TC 7721  61.03ab 102.15 62.35 31.84 55.06  43.12 70.21
4 TC 91.14  69.65a 78.94 62.35 31.84 51.74  41.13 69.47
SE + 12.42 4.85 935  6.64 0 6.02  5.15 2.29
Interaction (N x S)

NxS NS NS NS NS NS NS NS NS

*=5% level of significance; TC = ton ha” NSC
0-, 1-, 2-and 4 NSC =0, 1, 2 and 4 tonne inclusion level per hectare of neem seed cake;
0-, Ya-, ¥2- and full NPK = 0, %, 4 and full optimum recommended NPK rate for sorghum in the region.
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that although a small addition of N-poor OM will decompose more quickly than a larger

addition, larger additions tend to catch up with smaller additions as decomposition proceeds.

In 2010, there was no significance difference in inorganic N mineralized across the seven
sampling periods in the sole NPK plots. However, % RR (62.73 mg kg™) recorded the highest
mean concentration while % RR (56.76 mg kg™') gave the least. Sole NSC plots recorded
significance difference (P < 0.05) only during the sixth week of sampling. 4 TC (72.97 mg kg™)
gave the highest inorganic N while control (52.40 mg kg™) recorded the least concentration
which was statistically different from 4 TC but similar to N mineralized from 1 TC (60.03 mg
kg™) and 2 TC (66.33 mg kg™) (Table 4.19). A consistent decrease was however observed from
eighth week to thirty-second week in the sole NSC plots (Table 4.19). The highest cumulative
mean inorganic N (63.87 mg kg™') was obtained from 4 TC while control recorded the least

concentration (57.95 mg kg™).

The cumulative N mineralized after 32 weeks of incubation using PVC tubes in the field in the
year 2009 and 2010 are presented in Figures 4.2 and 4.3 respectively. The cumulative N
mineralization with time showed initial rapid rate in the first six (6) weeks after incubation
followed by slower release in both years. The N mineralization pattern showed that the NH; -N
fraction in the soil slightly exceeded the NOs™-N fraction in 2009, accounting for about 52% of
N mineralized from neem residue. However, in 2010, the N mineralization pattern showed that
the NO;™ -N fraction in the soil far exceeded the NH, -N fraction, accounting for 64% of the N
mineralized from neem seed cake. Generally, the highest concentration of the ammonium
(NH,") was observed during the first twenty-eight (28) days of incubation. This was mainly due
to the fact that during this period, the intense organic matter degradation assisted NH,"

production via the mineralization of organic N; subsequently, NHy4" level gradually reduced. The
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Table 4.19: Pattern of Inorganic N Mineralization (mg kg™) of NSC and NPK treatment over a period of 32 weeks of sorghum growth in

the field in 2010
Inorganic N mineralized (mg kg™)

Treatment — WEEKS OF SAMPLING —
NPK kg ha™'(N) 2 4 6 8 12 19 32 Mean Total
0 92.88 66.67 64.01 62.69 56.72 54.73 31.18 61.27
74 RR 85.57 61.03 59.70 59.04 55.72 49.75 26.53 56.76
72 RR 97.51 67.66 65.34 64.34 59.04 52.74 32.50 62.73
FRR 90.88 68.66 62.69 65.01 63.02 54.06 34.49 62.69
SE + 8.08 3.18 6.26 3.36 3.83 2.99 3.69 1.95
NSC t ha(S)
0TC 84.91 61.03 52.40b 58.37 63.35 51.74 33.83 57.95
1 TC 84.92 65.34 60.03ab 66.33 57.38 53.07 33.83 60.13
2TC 100.83 69.65 66.33ab 60.36 55.39 50.75 27.20 61.50
4TC 96.18 67.99 72.97a 66.00 58.37 55.72 29.85 63.87
SE + 8.08 3.18 6.26 3.36 3.83 2.99 3.69 1.95
Interaction (N x S)
NxS NS NS NS NS NS NS NS NS

*=5% level of significance; TC = ton ha” NSC

0-, 1-, 2- and 4 NSC =0, 1, 2 and 4 tonne inclusion level per hectare of neem seed cake;

0-, Ya-, ¥2- and full NPK =0, %, ' and full optimum recommended NPK rate for sorghum in the region.
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results of this study in 2009 would suggest that though neem seed contains nitrification-
inhibiting compounds (Schmutterer, 2002), the low nitrification under field incubation in the
first year could be attributed to the high residual mineral-N as well as the high rainfall intensity
in three — four months of the entire growing season (Kowal and Kassam, 1978). However, the
high nitrification rates recorded in the second year could be attributed to the retardation effect of
neem residues on nitrification which maybe due to their active ingredient azadirachtin and other
di- and triterpenoidal compounds which are toxic to nitrifying bacteria which agrees with the

findings of Singh ef al. (1991Db).

Also, the amounts generally increased throughout the period indicating progressive
mineralization with time. The mean amounts of inorganic N mineralized were not significantly
different (P < 0.05) in the control which recorded the highest quantity for the sole NPK
treatment plots than in the other treatments in 2009 (Table 4.18). However in 2010, the amounts
of N mineralized though not significantly different (P < 0.05) was lower in the control than in
the other treatments except in the Y4 recommended rates (RR) of NPK fertilizer for sorghum
with a mean total inorganic N of 56.76 mg kg™ (Table 4.19). In 2009 and 2010 for the NSC
treatments alone, the mean inorganic N mineralized were not significantly different (P < 0.05) in
the control which recorded the lowest quantity in both years than in the other treatments (Tables
4.18 and 4.19). There were no significant differences between the interactions in both years
(Tables 4.18 and 4.19). This was in accordance with the findings of Adegbite and Olayinka
(2010) that attributed the no significant difference between the NPK and the organic amended

treatments to N immobilization.
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4.4.2.2 N mineralization kinetic model and mineralization rates for the field studies

Net nitrogen mineralization data was fitted into five mathematical models and the results from
each model presented in Table 4.20 for 2009 and 2010. The cumulative N mineralized from 0 to
34 week displayed the best fit with the mixed order rate constant (Eq. v) (R* = 0.91 and 0.99;
RMSE = 18.9 and 28.4 for 2009 and 2010 respectively) and the Gompertz function (Eq. iv) (R
=0.99 and 1.00; RMSE = 22.8 and 52.5 in 2009 and 2010 respectively) than with the first-order
model equation (Eq. i) (R* = 0.92 and 0.98; RMSE = 237.4 and 397 in 2009 and 2010
respectively) advocated by Stanford and Smith (1972) or the consecutive models (Egs. ii and iii)
from the goodness-of-fit statistics (Table 4.20). This corroborates the findings of Agbenin et al.
(1999) in the laboratory, where a mixed order rate constant described N mineralization pattern

from the same organic material just as the Gompertz model.

Nomin=No (1 =e™) +Ne teovvvireiiiineeein (i)

N min = No — N, (ke™—he™) / (k-h) ............ (i) (Noggle, 1985)

Nomin = No = Noe ™ (Kt + 1) oovveeeeeeiii, (iii)

N min = No = Noe ™™ = Noe™ oo (iv) (France and Thornley, 1984)
N min=Ng (1 — ™02y )

Where N, is potentially mineralizable N content (mg kg™), k and / are rate constants (week™),
Nmin 18 cumulative N mineralized at time ¢ (mg kg‘l), while N. is an additional term introduced
to accommodate the initial rapid N flush (mg kg™) (Jones, 1984). The N mineralization pattern
was not adequately described by the first order rate equation compared to other models probably
because N mineralization from neem seed cake was not just a function of substrate N
concentration in the residue, a fundamental assumption of the first order rate model (Stanford

and Smith, 1972; Jones, 1984).
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Table 4.20: Goodness-of-fit statistics and parameter estimates of five mathematical models fitted to inorganic N mineralized from neem seed cake

incorporation
CV R’ RMSE Ne k

Model 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010
Ist order -5.49 -2.30 447 927 6 2 15
rate -89.3 -36.3 0.9156 0.9827 E+22 E+24 2374 397 E-20 E-22 E+20 E+22 E+20 E+21
Consecutive 1.27 4.90 4
(h#k) -92.3 -5.58 0.9104 09879 E+5 E+5 104.5 165 291.1 430.9 19.61 -0.6 E+19 0.227
Consecutive 2.44 1.13 1.07 1.9 2
(h=k) 89.3 363 0.9156 0.9827 E+24 E+26 272.5 398 E-19 E-21 0.11 E+23

1.08 4.63 - 9

Gompertz 3.23 0.535 0.9913 0.9988 E+5 E+5 22.8 52.5 386.4 568.4 12.11 -1.0 E-13 0.095
Mixed 1.46 3.29
order rate -89.3  7.36 0.9156 0.9915 E+5 E+5 189 284 289.5 427.2 3.07 -0.1 1169.9 0.812

CV = Coefficient of Variation; R* = Coefficient of Determination; RMSE = Root Mean Square Error; N, = potentially mineralized N at time 0 in mg kg’

N, = Additional term to accommodate the initial rapid N flush in mg kg™'; h and k are constants.
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The goodness-of-fit statistics and kinetic parameters for N mineralization that were calculated
using the five equations are shown in Table 4.20. The Ny values were interpreted as an estimate
of the N content that would be mineralized in an infinite time period under optimal conditions of
temperature and moisture (Stanford and Epstein, 1974). Results obtained showed that the
estimated Ny values were lower in the first order (-447E-20 and -927E-22 in 2009 and 2010
respectively) and consecutive (h=k) (1.07E-19 and 1.9E-21 in 2009 and 2010 respectively)
models than the mixed order (289.5 and 427.2), consecutive (h#k) (291.1 and 430.9) and the
Gompertz (386.4 and 568.4) for 2009 and 2010 respectively. The negative Ny values (Table
4.20) indicated a lag in N mineralization arising from immobilization by microbial biomass

early in the decomposition or mineralization process (Agbenin et al., 1999).

The mineralization rate constant (k) of the five mathematical models displayed a wide range
from -1E-20 to 4E+19 week™ in 2009 and -5E+21 to 2E+23 week™ in 2010 and this may be
attributed to the ability of the model to account for early N mineralization. Agbenin et al. (1999)
reported comparatively lower k£ values for neem seed residue N mineralization in a laboratory
incubation study (0.046, 0.204, 0.076, 0.094 and -0.002 for the five models respectively).
However, the k value of the Gompertz model (0.095) in 2010 was almost at par with that

reported by Agbenin ez al. (1999) in their laboratory study (Table 4.20).

The mineralization rates obtained in the present study were not in the order of mineralization
rates determined for neem seed cake in literature. This could be due to the fact that N released
during laboratory incubation is derived from rather ill-defined and variable organic N sources as
evidenced above. As a result of field temperature fluctuations, greater rate of net N

mineralization was obtained in laboratory incubated soil samples than for in-situ samples. These
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pools are however, replenishable under field conditions as a result of inputs of organic N from
root and above-ground litter and the slow transformation of the more resistant pools of soil
organic N. Thus, laboratory measures of mineralization especially on undisturbed soils can be an
unreliable index of field rates, as measurements of N mineralization under controlled laboratory
conditions provide an estimate of pools of mineralizable N present at the time of sample

collection.

4.4.3 Field Decomposition Studies Using Litterbags

4.4.3.1 Dry matter loss

Field decomposition was carried out using 20g NSC in a litterbag introduced into four (4)
inorganic fertilizer treatments (0, %4, %2 and full NPK recommended rate) to determine mass loss
and decomposition rate. The data collected at each sampling period were subjected to five (5)
models to determine the effect of inorganic fertilizer on the rate of mass loss. Effect of time and
inorganic fertilizer levels on dry matter loss of NSC for the two years (2009 and 2010) is shown
in Table 4.21. The rates of decomposition of the NSC were significantly different over the
whole decomposition period and at individual sampling periods for the study years. Weight loss
of NSC due to decomposition was rapid within the first 28 days; within the period about 70% of
the soil organic amendment had been lost in 2009 (Figure 4.4). A further 5 to 13% weight loss
of the NSC from the litterbag was recorded over the next 28 days. Litterbag sampling was
stopped at 56 days after application (DAA) in 2009 because the amount of NSC left was too
small (about 4g) to allow for analysis after two weeks. The remaining higher ash free dry mass
obtained in 2010 as compared to 2009 for all the treatments could be attributed to the high
residual mineral N in 2009 (Table 4.21) which resulted in reduced activity of bacteria and fungi

necessary for decomposition reaction during the year.
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Table 4.21: Effect of inorganic fertilizer levels on dry matter loss of neem seed cake in 2009 and 2010

— Days of decomposition —

(O8]
~

10 14 28 56 84

— year N

Treatment description 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010

0 NSC/ 0 NPK nd 14.68 Nd 13.51 nd 11.5 10.39 11.26 6.12 5.97 4.86 4.22 nd 2.53
0 NSC/ 74 NPK nd 15.28 Nd 13.74 nd 11.8 10.59 10.98 531 4.69 423 3.83 nd 2.51
0 NSC/ 2 NPK nd 15.11 Nd 13.71 nd 11.4 10.87 11.07 5.88 5.43 3.21 3.15 nd 1.44

0 NSC/ FULL NPK nd 15.31 Nd 13.89 nd 11.8 11.32 11.09 5.61 7.02 3.94 2.86 nd 2.17

0 NSC = 0 ton of neem seed cake per hectare; 0-, Y4-, ¥2-, and Full optimum recommended NPK rate for sorghum in the region
nd = not determined
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In 2010, the numbers of sampling date were increased to include the first ten days of
decomposition owing to the rapid loss recorded within the first sampling period (fourteen days)
in 2009 (Table 4.21). Also, mosquito netting were employed alongside the calico materials
during the second year to offset the difficulty encountered during the late sampling periods in
2009. A significant (P < 0.05) decrease in dry mass (Ash free) was observed for the seven
sampling periods in 2010 (Table 4.21). Dry mass loss of neem seed cake was rapid during the
first fourteen (14) days of decomposition relative to later periods. This would imply that weight
loss at the initial stage of decomposition was due to leaching of nutrients. This conforms to the
findings of Berg and Staaf (1981) and McClaugherty and Berg (1987) that in the initial stages of
leaf breakdown small soluble carbon molecules, like starches and amino acids, are lost first
leaving behind the more recalcitrant molecules like lignin. Consequently, decomposition during
the first phase (two weeks) was rapid because the small soluble carbon molecules of NSC were

easy to breakdown and were energy rich (Sewanee and Simmons, 2003).

Dry matter losses were generally in the order 0 NSC/0 NPK > 0 NSC/ /2 NPK > 0 NSC/ 4 NPK
>0 NSC/ Full NPK. The corresponding dry matter loss for the organic residue under zero NPK
after ten days was 42.45, 41.25, 43.00 and 41% respectively. At the end of the eighty-four (84)
days decomposition, only 2.53, 2.51, 1.44 and 2.17g of the buried 20g samples of neem seed
cake were remaining from the 0 NSC/0 NPK, 0 NSC/ ¥4 NPK, 0 NSC/ 2 NPK and 0 NSC/ Full
NPK treatment respectively. Addition of NPK significantly (P < 0.05) reduced the rate of dry
mass loss of neem seed cake as a result of reduced activity of bacteria and fungi under
fertilization. Okalebo and Woomer (1994) reported that decomposition and residual effects were
enhanced when low quality organic materials were incorporated with a small amount of mineral

N and then ploughed into the seedbed, preferably before the successive crop was planted.
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The negative effect of this low quality organic material, Giller and Wilson (1991) explained in
terms of nutrient immobilization because the microorganisms active in organic matter
decomposition (e.g. bacteria, fungi) also obtain their nutrient requirements from the
decomposing organic materials. Varying the NPK level did not affect dry mass loss of NSC
significantly during the whole period of decomposition. At the end of the decomposition study,
17.47, 17.49, 18.56 and 17.83g of the initial weight (20g) of NSC were lost. This represents
about 90% of the initial weight applied and suggests that incorporation of NSC about two weeks
(10 — 14 days) before sowing could synchronize with period of high nutrient demand (Heading)

of the short variety sorghum used.

4.4.3.2. Exponential decomposition kinetic model and decomposition rates

The data for dry mass remaining from retrieved litterbags at seven different sampling periods in
2010 were plotted against days of decomposition. The decomposition rates obtained from slope
of the graphs along with the proportion of dry mass remaining were analysed using the SAS
statistical package for non-linear regression model analysis. The results gave the parameter
estimates for each of the four models and are presented in Tables 4.22 to 4.25 for the single
exponential, double exponential, asymptotic negative and triple negative exponential models

respectively.

The best fit was described by the Asymptotic negative exponential model (iii) (R* = 1.0, 1.0,
0.97 and 0.99; x * = 3.89, 0.38, 0.60 and 0.37 for the zero, Y-, %-, and optimum recommended
NPK fertilizer rates for sorghum in the Northern Guinea Savanna of Nigeria, respectively) when
the goodness-of-fit statistics was employed than with the double exponential model (Eq. ii) (R
= 0.97, 0.74, 0.88 and 0.57; ® > = 1.22, 3.34, 1.37 and 0.27 for the four fertilizer rates

respectively) or the triple negative exponential model (Table 4.24). Although, the single
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Table 4.22: Goodness-of-fit statistics and parameter estimates of the four mathematical models fitted to cumulative dry mass loss (Ash

free)

Single Exponential Model
Treatment description Model R® X’ RMSE Xo K Ts0
ONSC/ONPK 0.93 18.19 0.2963 0.5627 0.0229 30.26
ONSC//aNPK 3;% 0.87 3.23 0.3133 0.5564 0.0243 28.76
ONSC//2NPK >”-' 0.93 3.85 0.3249 0.5462 0.0302 22.95
ONSC/Full NPK 0.93 3.39 0.3132 0.5657 0.0271 25.57

R? = Coefficient of Determination; RMSE = Root Mean Square Error; X, = mass remaining at time 0; K = rate constant; Tso = time for 50% mass loss in days
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Table 4.23: Goodness-of-fit statistics and parameter estimates of the four mathematical models fitted to cumulative dry mass loss

(Ash free)

Double Exponential Decay Model
Treatment Model R’ X RMSE Xy Xr K K, K Tso
ONSC/ONPK i‘% 0.97 1.22 0.06 0.6838 0.1857  0.0484  0.019 0.0674 10.28
ONSC/¥aNPK ; 0.74 3.34 0.1142 0.6838 0.0691  0.0484 0.0165 0.0649 10.68
ONSC//2NPK M;%‘ 0.88 1.37 0.2884 0.6863 0.126 0.045  0.0288 0.0738 9.39
ONSC/Full NPK >”* 0.57 0.27 0.2504 0.7082 0.2287  0.0322  0.0093  0.0425 16.31

R? = Coefficient of Determination; RMSE = Root Mean Square Error; X = Proportion of initial NSC for the labile fraction; Xz = Proportion of initial NSC for the

Recalcitrant fraction; K; = Rate constant for the labile fraction; K, = Rate constant for the labile fraction; K = Cumulative rate constant; Ts, = time for 50% mass loss in days
y
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Table 4.24: Goodness-of-fit statistics and parameter estimates of the four mathematical models fitted to cumulative dry mass loss

(Ash free)

Asymptotic Negative Exponential Decay Model
Treatment Model R® X RMSE Xy Xr K, Tso
ONSC/ONPK > 1.00 3.89 0.2914 0.6838 0.5692 0.0484 14.32
ONSC//aNPK i: 1.00 0.38 0.2963 0.6838 0.1742 0.0484 14.32
ONSC//2NPK ;ﬁ 0.97 0.60 0.2884 0.6863 0.1260 0.0450 15.40
ONSC/Full NPK g 0.99 0.37 0.2504 0.7082 0.1382 0.0332 20.87

R? = Coefficient of Determination; RMSE = Root Mean Square Error; X = Proportion of initial NSC for the labile fraction; Xz = Proportion of initial NSC for the

Recalcitrant fraction; K; = Rate constant for the labile fraction; Tso = Time for 50% mass loss in days
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Table 4.25: Goodness-of-fit statistics and parameter estimates of the four mathematical models fitted to cumulative dry mass loss

(Ash free)

Triple Negative Exponential Model

Treatment Model R’ X RMSE X X Xr K, K; K, K Tso
+

ONSC/ONPK 'MTO 0.88 5.74 0.3658 0.7957 0.9248 0.1857 0.0389 0.0478 0.019 0.1057  6.56
S

ONSC/%NPK o 0.76 1.12 0.3899 0.8104 0.1859 0.0691 0.0414 0.0634 0.0165 0.1213  5.71
Y &
' P<

ONSC/Y.NPK ;% 0.79 9.81 0.1634 0.9712 1.2226 0.258 0.0437 0.0575 0.0288 0.1312  5.28
[

ONSC/Full NPK P~ 0.64 4.19 0316 0.8135 0.7946 0.0835 0.0407 0.0334 0.0093 0.0834  8.31

R? = Coefficient of Determination; RMSE = Root Mean Square Error; X; = Proportion of initial NSC for first (initial flush) compartment; X; = Proportion of initial NSC

for the second (labile fraction) compartment; Xy = Proportion of initial NSC for the third (Recalcitrant fraction) compartment; K, , K;, K, = Rate constant for the first, second and

third compartment respectively; K = Cumulative rate constant; Ts, = time for 50% mass loss in days
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exponential model (Eq. i) proposed by Jenny et al. (1949) recorded close R* (0.93, 0.87, 0.93
and 0.93 for the four fertilizer rates respectively), the relatively low initial mass of neem seed
cake (0.5627g) and high X * (18.19, 3.23, 3.85 and 3.39) values estimated by the model did not

make it compete favourably with the Asymptotic negative exponential model.

The neem seed cake decomposition pattern was not adequately described by the single
exponential decay function compared to the asymptotic negative exponential model
probablybecause mass loss from neem residue followed a two-step nature of decomposition
dynamics which was not subsumed in the assumption of the single exponential model (Weider

and Lang, 1982).

The higher the k value, the faster the rate of decomposition. High decay rates (Kj) in the first
pool were indicative of soluble, non-structural carbohydrates and low C: N ratio compounds.
This corroborates with the findings of Howard and Howard (1974) in the context of examining
the decomposition of leaf litter when fauna were completely excluded. Thus, in the present study
of neem seed cake decomposition using mosquito netting litterbag, excluded soil fauna
necessary to enhance decomposition beyond a certain point (Weider et al., 1983; Tarfa et al.,
2001; Daudu, 2004). Since, enclosing of the cake in mosquito net would probably have excluded
or reduced the activity of the decomposer organisms, making the recalcitrant fraction of neem

seed cake effectively indecomposable by biotic process.

This probably explains why the double exponential model was not able to properly describe the
decomposition processes either. The recalcitrant fraction (K;) was probably completely resistant
to decay. The triple negative exponential model was unable to describe neem seed cake

decomposition best because its regression failed to predict that at time = 0, all the initial neem
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seed cake was present (Table 4.25). Consequently, inferences from this model would be
meaningless and interpretation of comparisons among k values becomes questionable (Weider

and Lang, 1982).

4.4.4. Derivations from the mineralization and decomposition experiments

The asymptotic model predicted a two weeks half life for 50% mass loss of incorporated NSC
which implied that the two weeks incubation period used in the present study was adequate to
synchronize with the nutrient release for optimum crop use. Although, this decomposition rate
constant (k = 0.05) gave an half life that was higher than the one week from the mineralization
study, this could be attributed to the patterns of nutrient release from decomposing litter (NSC)
which did not follow that for mass loss as N was retained in the NSC during the initial stages of
decay. Marked mass loss and decomposition rate per day was observed with lower inorganic
fertilizer rate (4 recommended rates for sorghum). This would imply that suitable combination
of NSC with NPK fertilizer for optimum growth and yield would be at an inclusion level of %4

recommended NPK rates for sorghum in the Northern Guinea Savanna of Nigeria.

4.5  Field Agronomic Experiments

4.5.1 Main effect of treatment factors

4.5.1.1 Response of agronomy parameters to NPK fertilizers

Main growth performance of sorghum as influenced by soil amendments in the study is shown

in Table 4.26 and the interaction in Table 4.27.
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Table 4.26: Main effects of sorghum growth parameters as affected by neem seed cake and inorganic fertilizer application

2009 2010 combined 2009 2010  combined 2009 2010 combined 2009 2010  combined 2009 2010  combined
Treatment Number of leaves Dry matter yield (g plant™) Leaf area index Stem girth (cm) Plant height (cm)
NPK kg ha™ (N)
0 11.65b 9.76b 10.79b 47.52b  31.18b  38.04b 3.83 2.52¢ 2.96b 248a  2.09c 2.27¢c 119.10b  103.50b  111.14c
VaRR 12.17ab  10.25b 11.01ab 50.26b  33.64b  40.86b 3.82 2.82cb 3.12b 2.53a  2.24b 2.38bc 121.84b  109.20b 115.26bc
2RR 12.31a 10.29b 11.43ab 54.40ab 36.98b  48.46a 3.62 2.97b 3.52a 2.58a  2.45a 2.47b 123.96ab 119.28a  120.63b
FRR 12.33a 11.07a 11.69a 58.54a  44.78a 51.29a 3.41 3.53a 3.66a 2.66a  2.5la 2.66a 130.28a  124.69a  128.90a
SE + 0.18 0.18 0.26 2.51 2.24 2.42 0.17 0.14 0.14 0.07 0.05 0.05 2.75 2.45 2.18
NSC ton ha™ (S)
0TC 11.83b 9.92b 10.80b 51.09p  28.56b  41.14b 3.53 2.50b 3.02b 2.48a  2.06d 2.28¢c 11995b  103.18c 111.73b
1 TC 11.88b 9.86b 11.07b 49.00b  31.46b  41.32b 3.49 2.62b 3.16b 2.53a  2.22c 2.39%bc 121.28ab  108.68  115.24b
2TC 12.08a  10.56ab 11.19ab 51.84ab 42.52a  44.41b 3.67 3.23a 3.32b 2.6la  2.36b 2.53ab 124.84ab 117.29b  122.06a
4TC 12.67a 11.04a 11.87a 58.79a  44.05a 51.78a 3.98 3.49a 3.76a 2.64a  2.66a 2.57a 129.11a  127.51a  126.90a
SE + 0.18 0.18 0.26 2.51 2.24 2.42 0.17 0.14 0.14 0.07 0.05 0.05 2.75 2.45 2.18
Interaction (N X S)
N xS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS

Means followed by the same letter (s) within the same column are not significantly different at P < 0.05 using DMRT
NS = Not significant at 0.05 level of probability; S= Significant at 0.05 level of probability

TC =ton ha” NSC

RR=recommended rate

FRR=Full fertilizer recommendation rate
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Table 4.27: Interaction of NSC and CF on sorghum growth

Treatment 2009 2010 combined 2009 2010 combined 2009 2010 Combined 2009 2010 combined 2009 2010 combined
Leaf number Dry matter yield (g plant-1) Leaf area index Stem girth (cm) Plant height (cm)
Control 11.62 9.11 10.37 54.65 5.06 29.86 3.55  1.89 2.72 24 174 2.07 116.05 89.24 102.65
Y4 RR 11.48 9.06 10.27 41.8 8.06 24.93 3.13  2.02 2.575 236 1.96 2.16 114.72  96.45 105.59
52 RR 11.62 10.22 10.92 49.21 11.06 30.14 3.54 2.9 3.22 239 215 2.27 119.52 104.96 112.24
FRR 12.62 10.67 11.65 58.71 14.06 36.39 39 3.26 3.58 275  2.51 2.63 129.51 123.35 126.43
1 TC 11.48 9.94 10.71 40.74 17.06 28.90 3.14 2.44 2.79 241  2.00 2.21 118.78 100.01 109.40
1 TC +%RR 12.05 9.78 10.92 46.49  20.06 33.28 3.55 245 3.00 243 215 2.29 118.21 102.41 110.31
1 TC+%RR 12.14 10.89 11.52 50.64 23.06 36.85 347 332 3.40 271 2.25 2.48 117.15 114.77 115.96
1 TC + FRR 11.86 10.39 11.13 58.13  26.06 42.10 3.79  3.08 3.44 2.57 2.56 2.57 130.98 119.60 125.29
2 TC 11.43  10.11 10.77 43.01 29.06 36.04 3.19  2.58 2.89 2.59  2.18 2.39 117.18 110.27 113.73
2 TC+ YRR 12.43 10 11.22 56.01 32.06 44.04 3.71  2.83 3.27 2.69 239 2.54 127.00 115.84 121.42
2TC+ % RR 12.57 9.89 11.23 56.09 35.06 45.58 416 299 3.58 2.54 249 2.52 126.17 123.32 124.75
2 TC + FRR 11.9 11.17 11.54 52.25 38.06 45.16 3.64 3.5 3.57 2.64 275 2.70 128.99 127.69 128.34
4 TC 12.1 10.5 11.30 51.69 41.06 46.38 3.76 3.1 3.43 253 232 2.43 124.36 113.20 118.78
4TC+ YRR 12.71 10.61 11.66 56.74 44.06 50.40 4.08 3.17 3.63 2.65 2.38 2.52 127.44 120.02 123.73
4TC+%RR 129 11.22 12.06 61.66 47.06 54.36 4.09 3.73 3.91 2.66  2.56 2.61 133.00 126.12 129.56
4 TC + FRR 1295 11.94 12.45 65.06 50.06 57.56 398 4.1 4.05 270 2.77 2.74 131.64 139.40 135.52
SE + 0.16 0.23 0.20 2.17 1.94 2.06 0.15 0.12 0.14 0.06 0.04 0.05 2.38 2.12 2.25

TC= ton ha™ neem seed cake

RR = recommended rate

FRR=full recommendation rate
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Number of leaves

In the NPK amended plots, number of leaves increased with increasing nutrient content of
fertilizer material with the Full Recommended Rate (FRR) performing better than the other rates
(Table 4.26). This implied that the plant growth increased with increasing NPK fertilizer. The
two years combined also showed similar trend as number of leaves increased with increasing
nutrient concentration. This trend depicts a larger source/ sink ratio during grain filling period
owing to nutrient release and thus yield improvement.

Dry matter yield

The dry matter assessment in the field was by destructive sampling at two weeks interval, the
cumulative mean values across the period are presented in Table 4.26. FRR recorded the highest
dry matter yield (58.54 and 44.78 g plant™ in 2009 and 2010 respectively) while the control gave
the least dry matter yield (47.52 and 31.18 g plant” in 2009 and 2010 respectively) (Table 4.26)
in the sole NPK treatment. The two years combined had the FRR (51.29 g plant™) recording the
highest dry matter yield for the sole NPK treatments. This value was statistically different the 2
RR and the control in the sole NPK treatments (Table 4.26). This would imply that dry matter
yield increased with increasing nutrient contents in the NPK treatment plots indicative of
enormous forage yield whose proportion of accumulation and partitioning into grain determine
the grain yield.

Leaf Area Index

Leaf area index (LAI) was not significantly (P < 0.05) affected by treatment in the sole NPK
plots in 2009 (Table 4.26). However in 2010, LAI was significantly affected by the sole
application of NPK fertilizer. FRR produced the highest (3.53) while control had the least (2.52)
which was statistically similar to the 4 RR (2.82), but differed from the 2 RR (2.97) which

were not the same as the FRR (Table 4.26). Significant differences in NPK treatments implied

163



that nutrients were readily available for the development of leaf area early in the season which
consequently resulted in an appropriate LAI that contributed to total biomass.

Stem girth

The treatment significantly (P < 0.05) increased stem girth in 2010 and combined (Table 4.26).
In sole NPK treatments in 2010, the FRR gave highest stem girth (2.51 cm), while the control
recorded least (2.09 cm) which was statistically different from the other treatments.

Plant height

Plant heights were better enhanced with NPK treatments. Statistically, the FRR enhanced better
plant height in the sole NPK treatments than any of the other treatments in both years (Table
4.26).

Days to 50% panicle emergence

In the sole NPK treatments, the highest number of days to 50% panicle emergence was recorded
from %4 RR (107) and control (104) while FRR had the least (106 and 101) in 2009 and 2010
respectively (Table 4.28).

Days to 50% flowering

Days to 50% flowering in the sole NPK treatments decreased with increase in treatments. 2 RR
and control treatments recorded the highest (110 and 109 days) in 2009 and 2010 respectively.

The least number of days to 50% flowering was obtained from FRR (Table 4.28).

4.5.1.2 Response of agronomy parameters to NSC levels

Number of leaves

4 TC enhanced better growth parameter compared to the 1 and 2 TC levels in the NSC amended
plots alone. This implied that the plant growth increased with increasing nutrient supply from
the NSC. The two years combined also showed similar trend as number of leaves increased with

increasing nutrient concentration.
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Dry matter yield

The two years combined had the 4 TC (51.78 g plant™) recording the highest dry matter yield for
the sole NSC treatments. This value was statistically different from the control in the sole NSC
treatments (Table 4.26). This would imply that dry matter yield increased with increasing
nutrient contents in the NSC treatment plots.

Leaf Area Index

Leaf area index (LAI) was not significantly (P < 0.05) affected by treatment in the sole NSC
plots in 2009 (Table 4.26). However in 2010, LAI was significantly affected by the sole
application of NSC. Significant differences observed between the levels of sole NSC treatments,
indicated a higher soil organic matter content which led to more nutrient release for sorghum.
The significant difference in the second year indicated that the soil was depleted following the
continous cropping with sorghum and demonstrated the potential of sorghum crop to respond to
organic fertilization organic.

Stem girth

4 TC had plant with the highest stem girth (2.66 cm), while the control had least (2.06 cm). NSC
must have enhanced appropriate release, availability and uptake of nutrient by the sorghum
plants compared to control.

Plant height

Plant heights were better enhanced with NSC treatments. 4 TC gave plant with the tallest plant
height in the two years which was significantly different from the other treatments in 2010 but
was similar to 2 TC in 2009. Similar trend was also observed in the combined.

Days to 50% panicle emergence

Sole application of NSC recorded the highest days to 50% panicle emergence from 1 TC (107
days) and control (104 days), and the least (105 and 100 days) from 4 TC in 2009 and 2010

respectively (Table 4.28).
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Days to 50% flowering
In the sole application of NSC, highest number of days to 50% flowering was obtained from the

control in both years while 4 TC recorded the least (Table 4.28).

4.5.1.3 Effect of interaction between NPK and NSC on agronomy parameters

Number of leaves

The treatment significantly (P < 0.05) increased number of leaves; highest number of leaves
(12.95 and 11.94) were recorded in plots with 4 TC + FRR in 2009 and 2010 respectively while
those treated with 2 TC (11.43 in 2009) and "4 RR had the least in 2009 and 2010 respectively
(Table 4.27). This implied that the plant growth increased with increasing nutrient supply from
both organic and inorganic sources in line with the benefits of integrated soil fertility
management as also reported by Okalebo and Woomer (1994). The two years combined also
showed similar trend as number of leaves increased with increasing nutrient concentration.

Dry matter yield

The mean interactive dry matter assessment of sorghum in the field is presented in Table 4.27.
In 2009 and 2010, the plot with 4 TC + FRR had the highest dry matter yield (65.06 and 50.06 g
plant™).

Leaf area index

Leaf area index (LAI) was not significantly (P < 0.05) affected by treatment in the sole NPK and
NSC plots in 2009 (Table 4.26). Although interaction effects were not significant at 0.05 level of
probability in the two years and the combined, 2 TC + 2 RR (4.16) and 4 TC + FRR (4.11)
(Table 4.27) recorded the highest leaf area index in 2009 and 2010 respectively. This finding
buttressed the synergistic effect of complementary use of organic and inorganic fertilizers on

growth parameters of sorghum.
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Stem girth

Interaction was not significant but 4 TC + FRR recorded highest stem girth (2.77 cm) when
treatments were compared (Table 4.27) in 2010. The slow release of nutrients by NSC coupled
with the long period sorghum plants took to reach maturity made it easy for enhanced nutrient
uptake by sorghum plants from the interaction of NPK and NSC soil amendments as compared
to NPK that released its nutrients very fast or get leached out even before the plant could absorb
it.

Plant height

Plant heights were also better enhanced in the combination. In 2009, the tallest plant (133.00
cm) was recorded from 4 TC + %2 RR treatments while in 2010 and the two years combined, 4
TC + FRR had the highest (139.40 cm in 2010 and 135.52 cm for combined) (Table 4.27). Plant
height is associated with the growth and biomass of the crop, consequently, the taller the plant,
the higher the dry biomass yield and potentially, soluble sugar yield.

Days to 50% panicle emergence

Interactions of the two soil amendments were not significant at both 0.01 and 0.05 level of
probability in both years (Table 4.29). The least number of days to 50% panicle emergence (105
days) was obtained from three interaction treatments: 2 TC + FRR, 4 TC + /2 RR and 4 TC +
FRR aside 2 RR (Table 4.29).

Days to 50% flowering

However, there was no interaction with NPK and NSC on days to 50% flowering in both years

of this study (Table 4.29).
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Table 4.28: Main effects of NSC and NPK on days to 50% panicle emergence and flowering
of sorghum

Treatment 2009 2010 Combined 2009 2010 combined
Days to 50% panicle emergence Days to 50% flowering
NPK kg ha™ (N)
0 106.67ab 104.42a 105.83a 109.75ab 109.42a 110.13a
YaRR 107.25a 104.17a 105.75a 110.25a 109.33a 109.88a
5RR 105.92bc 102.25b 104.08b 108.92bc 107.50b 108.08b
FRR 105.58¢ 101.08b 103b 108.67¢ 105.83b 106.75¢
SE + 0.33 0.6 0.53 0.32 0.63 0.44
NSC ton ha™ (S)
0TC 106.83a 105a 105.63a 110.00a 110.50a 109.71a
1 TC 106.92a 104.25a 105.54a 109.92a 109.50a 109.63a
2TC 106.17ab 102.25b 104.21ab 109.08ab 107.25b 108.29b
4 TC 105.50b 100.42¢ 103.29b 108.58b 104.83b 107.21b
SE + 0.33 0.6 0.53 0.32 0.63 0.44
Interaction (N x S)
N xS NS NS NS NS NS NS

Means followed by the same letter (s) within the same column are not significantly different at 0.05 level of probability using
DMRT

RR= recommended rate

FRR= Full recommended rate

TC= ton ha™ NSC

NS= Not Significant
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Table 4.29: Interaction of NSC and NPK fertilizer on days to 50% panicle emergence and
flowering of sorghum

Treatment 2009 2010  combined 2009 2010  Combined
Days to 50% panicle
emergence Days to 50% flowering
Control 107 107 107 111 111 111
Y4 RR 109 109 109 112 112 112
¥ RR 105 105 105 108 108 108
FRR 106 106 106 109 109 109
1 TC 107 107 107 110 110 110
1 TC + % RR 108 108 108 111 111 111
1 TC + % RR 107 107 107 110 110 110
1 TC + FRR 107 107 107 110 110 110
2TC 107 107 107 110 110 110
2 TC+ Y% RR 106 106 106 109 109 109
2 TC+ % RR 106 106 106 109 109 109
2 TC + FRR 105 105 105 108 108 108
4 TC 106 106 106 109 109 109
4 TC+ YRR 106 106 106 109 109 109
4 TC+ % RR 105 105 105 109 109 109
4 TC + FRR 105 105 105 108 108 108
SE + 0.28 0.52 0.4 0.28 0.55 0.415

RR= recommended rate
FRR= Full recommended rate
TC=ton ha™ NSC
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4.5.2.1 Effects of NPK fertilizer levels on yield parameters
Grain yield

There was significant difference in grain yield in 2010. However, trend was erratic with
increasing NPK across treatments. FRR (2,251.90 kg ha™) gave the highest grain yield in the
two years combined. The present trend with FRR having the highest grain yield further signifies
the low fertility and corresponding low yield except with addition of external input. The highest
grain yield (3346.81 kg ha™) was recorded from FRR (optimum NPK recommended rate) which
gave increase of 22.15% above the control in 2009 while the least (2362.30 kg ha™) grain yield
was recorded in the %4 RR for sorghum in the region (Table 4.30).

Stover yield

Increase in stover yield was recorded with increasing chemical fertilizer (CF) input in 2009,
2010 and the combined (Table 4.30). The yield obtained in the study was a reflection of the
contribution of the treatments to the soil nutrient status. The combined followed the same trend
with mean yield between 11,111 kg ha in the control and 14,306 kg ha™ for FRR.

Grain weight per panicle

Effect of the treatments on sorghum grain weight per panicle was significant in 2009 and 2010
(Table 4.28). Application of treatments did not show a discernable pattern on grain weight per
panicle in the sole CF treatments in both years. However, grain weight was not significant in
2009 (Table 4.28). In 2010, %4 RR recorded the highest grain weight per panicle (0.0250 g)
which was statistically the same with the other two treatments while the control (0.0181 g) had
the least and was statistically different from any of the CF treatments (Table 4.28).

1000 grain weight

Sorghum 1000 grain weight did not significantly increase with increasing rates of NPK in 2009.
The marked increase in 1000-seed weight in 2010 over the control (Table 4.28) could be due to

increased nutrient additions through the amendments (Iwuafor, 1986).
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Table 4.30: Main effects of NSC and NPK fertilizer on yield and yield components

Treatment 2009 2010 combined 2009 2010  combined 2009 2010  combined 2009 2010  combined
Grain yield (kg ha™) Stover yield (kg ha™) Grain weight per panicle (g) 1000 grain weight (g)
NPK kg ha™ (N)
0 2845.8  959.94b 2002.5 15625b 28.83 11111 0.0538 0.0181b  0.0378 34.8 28.83 31.63
YaRR 2755.3 1330.90a 1939.9  16250ab  30.04 11354 0.0521 0.0250a  0.0366 35.33 30.04 32.48
%RR 2639.6 1176.02a 1867.3 16667ab  30.52 12604 0.0499 0.0220a  0.0353 33.98  30.52 32.52
FRR 3166  1249.85a 2251.9 18611a 30.45 14306 0.0597 0.0236a  0.0424 3536 30.45 33.05
SE + 186.58 62.51 210 873.04 0.56 1113.7  0.0035 0.0012 0.004 0.55 0.56 0.68
NSC ton ha™ (S)
0 2713  1159.19ab  1836.5 15208b  6597.2¢ 11233 0.0513 0.0218b  0.0347 348  28.47a 31.84
1 29223 1124.59b 2126.6  16042ab  6458.3c 11684 0.0522 0.0211b  0.0401 3496 29.63ab 32.5
2 2782.6 1095.01b 1979.3 17500ab  8541.7b 12865 0.0526 0.0207b  0.0373 35.12  31.05a 32.82
4 2988.8 1337.91a 2119.3 18403a  10000a 13594 0.0565 0.0252a 0.04 34.58  30.74a 32.52
SE + 186.58 62.51 210 873.04  478.13 1113.7  0.0035 0.0012 0.004 0.55 0.56 0.68
Interaction (N x S)
N xS NS NS NS NS NS NS NS NS NS NS NS NS

TC= ton ha™ neem seed cake
FRR=full fertilizer reccommendation rate
RR=recommended rate
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4.5.2.2 Effect of NSC levels on yield parameters

Grain yield

There was significant difference in the sole NSC (p<0.05) in 2010. However, there was an
erratic pattern was followed with increase in NSC levels. 4 TC gave the highest grain yield of
2,988.8 kg ha™ in 2009 and 1,337.9 kg ha™ in 2010 while the combined recorded the highest
mean grain yield of 2,126.60 kg ha in 1 TC treatment (Table 4.30). This signifies that optimum
level for NSC treatment is 1 TC.

Stover yield

There was significant increase in stover yield with increasing NSC levels in 2009 and 2010. The
yield obtained in the study was a reflection of the contribution of the treatments to the soil
nutrient status. The combined followed the same trend with mean yield between 11,233 kg ha™
in the control and 13,594 kg ha™ for 4TC (Table 4.30).

Grain weight per panicle

In the sole NSC treatments, 4 TC recorded highest grain weight per panicle (0.0252 g) while 2
TC gave the least which was statistically similar with 1 TC (0.0211 g) and the control (0.0218 g)
(Table 4.28).

1000 grain weight

Sorghum 1000 grain weight did not significantly increase with increasing rates of NSC in 2009.
The marked increase in 1000-seed weight in 2010 over the control (Table 4.28) could be due to

increased nutrient additions through the amendments (Iwuafor, 1986).

4.5.2.3 Effect of treatment interaction factors on yield parameters
Stover yield
Stover yield was not significant in the interactive effect in 2009, 2010 and two years combined.

But, highest stover yield of 15,277.76 kg ha™ was recorded from the 4 TC + FRR in the
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combined (Table 4.31). This further signifies the importance of the complementary use of NPK
and NSC on the yield of sorghum.

Grain yield

In 2010, the highest grain yield (1524.04 kg ha™) was recorded from treatments that received 1
TC + FRR which gave an increase of 44 % above the control (Table 4.31). However, no
significant difference was observed between NSC and CF treatment, highest grain yield
(2,321.56 kg ha™) was recorded from 2 TC+ FRR with the combined use of NPK and NSC in
the two years combined (Table 4.31). The relatively higher grain yield with the combined use of
NPK and NSC inputs at the 1 TC + FRR in 2010 and 2 TC + FRR corroborates the submission
of Sanchez (1994) that combining mineral and organic inputs result in greater benefits than
either inputs alone through positive interactions on soil biological, chemical and physical

properties.

Also, organic resources are seen as complementary inputs to mineral fertilizers and their
potential role has consequently been broadened from a short term source of nitrogen to a wide
array of benefits both in the short and long term (Vanlauwe et al., 2002). Murwira and
Kirchmann (1993) reported that a combination of organic-inorganic nutrient sources is thought
to improve the synchronization of nutrient release and subsequent uptake by crops.
Synchronization which was achieved by incorporating NSC two weeks before planting the
sorghum conforms to Okalebo and Woomer (1994) reports that decomposition and residual
effects are enhanced when low organic materials are incorporated with a small amount of
mineral nitrogen and ploughed into the seed bed, preferably before the successive crop is
planted. Neem seed cake, being a high quality organics (N > 2.5%, lignin > 15% and polyphenol
> 4%) (Giller, 2000; Palm et al., 2001) was incorporated without mineral-N two weeks before

sowing of sorghum seeds.
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Table 4.31: Interaction of NSC and CF on sorghum yield parameters

Treatment 2009 2010 combined 2009 2010 combined 2009 2010  combined

Stover yield (kg ha™) Grain yield (kg ha™) Grain yield increase (%)
Control 15000 5138.89  10069.45 2605.45 850.71 1728.08 - - -
¥a RR 13611.11 5833.33  9722.22 2362.3 781.2 1571.75 -9.33 -8.17 -8.75
%2 RR 15277.78 7916.67 11597.23 2537.6 1042.75 1790.18 -2.6 22.57 9.99
FRR 16944.45 10138.89 13541.67 3346.81 1165.1 2256 28.45 36.96 32.71
1 TC 16388.89 6250 11319.45 3144.67 1367.1 2255.89 20.7 60.7 40.7
1 TC+ Y% RR 17777.78 5833.33 11805.56 2775.34 1301 2115.37 12.45 52.93 32.69
1 TC+%RR 15000 8611.11 11805.56 2839.29 1131.44 1796.27 -5.54 33 13.73
1 TC + FRR 17500 8611.11 13055.56 2929.73 1524.04 2179.91 8.84 79.15 44
2TC 15277.78 7500 11388.89 2461.09 1088.57 1931.96 6.52 27.96 17.24
2 TC+ Y% RR 17500 6805.56  12152.78 2835.77 1055.5 1821.72 -0.67 24.07 11.7
2TC+%RR 20000 8194.45 14097.23 2587.93 1088.98 2167.21 24.56 31.29 27.93
2 TC + FRR 16111.11 10416.67 13263.89 3245.43 1471.04 2321.56 21.75 72.92 47.34
4 TC 14722.22 7500 11111.11 3172.08 1330.38 2084.84 8.97 56.38 32.68
4 TC+ Y% RR 18611.11 7361.11  12986.11 3047.64 1360.67 2204.16 16.97 59.95 38.46
4TC+%RR 19166.67 9444.44  14305.56 2593.66 1116.87 1855.27 -0.45 31.29 15.42
4 TC + FRR 19722.22 10833.33 15277.76 3141.99 1191.45 2166.72 20.59 40.05 30.32
SE + 756.08 414.07  585.075 161.58 54.13 107.855

TC=ton ha’ NSC
RR=recommended rate
FRR= Full recommended rate
NS= Not Significant
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Yield obtained in this study was a reflection of contribution of the treatments to the soil nutrient
status. Higher yield obtained in CF amended plots could be attributed to quick release of
nutrients from inorganic fertilizer to soil and their uptake by the sorghum plants. Improved yield
obtained in neem seed cake (NSC) amended plots in the second cropping season might be due to
the cumulative effect of nutrients released by the organic material to soil. NSC used in the study
compared favourably with CF in some of the parameters measured. It therefore implied that
NSC investigated was as effective as CF in increasing soil nutrients and consequently, the yield
of sorghum.

1000 grain weight

The non significant increase in 1000-seed weight as a result of application of both amendments
shows that sorghum seed weight was not controlled by just improved levels of nutrients in the
soil alone. Other factors such as adequate soil moisture regime which significantly affect
photosynthate production and translocation from source (leaves) to the sink (seed) may have to

be considered (Oikeh, 1997).

4.5.3 Nutrient uptake studies

4.5.3.1 Effect of NSC and CF on nutrient concentration of sorghum tissue.

Main effects of NSC and CF on concentration of N, P, and K in sorghum tissue in the field are
shown in Table 4.32 and the interactive effect in Table 4.33.

Nitrogen

N concentration decreased with increasing sole NPK in 2009 while an indiscernible pattern was
followed in 2010. In 2010, the sole NSC treatment recorded plant tissue whose N contents
decreased with increasing NSC while in 2009, the reverse situation was obtained with the
control (10.65 g kg™) recording the least (Table 4.32). Interaction effect of treatments was not

significant on sorghum plant tissue N in both 2009 and 2010 (Table 4.33). However, plants
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Table 4.32: Main effects of NSC and CF on nutrient concentration of sorghum tissue in the

field

Treatment N (gkg™) P (gkg™) K (g kg™)
2009 2010 2009 2010 2009 2010

NPK kg ha™ (N)

0 14.08 7.44b 2.66 0.25 1.51 7.41

7 RR 13.57 7.54b 3.32 0.41 12.27 13.68

72 RR 11.67 10.13a 2.89 0.35 14.62 10.18

FRR 11.31 7.76b 3.80 0.25 0.66 7.96

SE + 1.22 0.80 0.73 0.08 7.84 2.80

NSC tha™ (S)

0TC 10.65b 7.33 2.48 0.38 24.8 7.79

1 TC 11.67ab 9.18 4.12 0.34 2.03 8.55

2TC 13.71ab 8.25 3.56 0.27 1.57 12.6

4 TC 14.59a 8.13 2.52 0.27 0.66 10.28

SE + 1.22 0.80 0.73 0.08 7.84 2.80

Interaction (N x S)

N xS NS NS NS NS NS NS

Means followed by the same letter (s) within the same column are not significantly different at P < 0.05

NS= Not significant

RR=recommended rate
FRR= Full recommended rate

TC= ton ha NSC
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Table 4.33: Interaction of NSC and CF on N, P and K concentration in sorghum tissue

NS= Not significant

Treatment N P

— g kg‘l —

2009 2010 2009 2010 2009 2010
Control 12.54 6.71 2.41 0.36 4.31 8.30
Vi RR 13.71 4.09 2.8 0.42 44.06 8.03
1, RR 6.71 9.92 2.41 0.26 50.15 6.30
FRR 9.63 8.58 2.29 0.49 0.68 8.53
1 TC 9.34 7.88 2.59 0.13 0.61 7.30
1 TC + V4 RR 11.96 7.00 2.83 0.49 3.69 8.07
1 TC + %4 RR 14.88 8.17 53 0.29 0.66 29.07
1 TC + FRR 13.71 10.91 2.35 0.42 0.65 9.53
2 TC 14.88 7.88 2.89 0.39 0.48 8.50
2TC + 4 RR 15.17 13.07 4.02 0.42 3.22 9.57
2TC + 14 RR 12.84 9.63 3.16 0.29 4.50 7.07
2 TC + FRR 11.96 7.88 1.96 0.42 0.62 17.80
4TC 19.55 7.3 2.77 0.13 0.65 5.53
4TC + v, RR 10.21 8.76 7.03 0.33 0.62 9.27
4TC + 14 RR 12.26 7.29 2.89 0.10 0.63 5.77
4 TC + FRR 13.13 6.42 2.98 0.10 6.70 8.27
SE + 1.06 0.69 0.63 0.07 6.79 2.43

NS NS NS NS NS NS

TC = ton haT NSC
RR=recommended rate

FRR= Full recommended rate
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treated with 4 TC (19.55 g kg™') and 2 TC + % RR (13.07 g kg') had the highest value of N
concentration while % RR (6.71 g kg™) and ¥ RR (4.09 g kg™) had the least in 2009 and 2010

respectively.

In 2010, analysis showed that N concentrations were lower in the control than all the other
treatments. The data also showed that plant N contents decreased with years of cropping in the
control and treatment plots; it signifies low soil fertility. This could be inferred from the
shortcomings of monocropping since crops would be susceptible to the same pests and diseases
as was experienced in the second cropping season when stem borer infestation was on the
increase. Also, the soil would be mined of the same mineral constituents whose replacement
with either organic or inorganic amendments might not be commensurate with plant uptake.
However, since the combined analysis showed that lower rate of CF were superior to higher
rates (Tables 4.32 and 4.33), it indicates that for short term sorghum production programmes,
the combined use of lower rates CF and NSC would be superior to either of the amendments

used alone.

NSC which released a higher percentage of its initial nutrients slowly had higher plant nutrient
contents in 2009. This is consistent with reports in literature (Palmer, 1995). Application of NSC
significantly (P < 0.05) improved sorghum N concentration compared with the absolute control.

4 TC (14.59 g kg™) had plants with the highest N content while the control (10.65 g kg™) had
the least (Table 4.32). This trend was not observed throughout the duration of the study.
However, there were significant differences between sole NSC and CF treatments. NSC also

interacted positively with CF to affect sorghum plant mineral composition (Table 4.33).

178



Phosphorus

There was no significant increase from the treatments on P concentration in sorghum plant
tissue. P concentration was found to decrease with increasing levels of sole CF and NSC in 2010
(Table 4.32). However, the highest P concentration (2.83 g kg™ and 0.49 g kg™) was recorded
from 1 TC + % RR and FRR in 2009 and 2010 respectively while the least was from 2 TC +
FRR (1.96 g kg") in 2009 and 4 TC + % RR and 4 TC + RR in 2010 (Table 4.33).

Potassium

The treatment had no significant effect on sorghum K concentration. Plants treated with 4 RR
gave the highest concentration in 2009 (50.15 g kg™) while 2 TC had the least (0.48 g kg™). In
2010, 1 TC + % RR (29.07 g kg™") had plants with the highest P concentration and 4 TC (5.53 g
kg™) the least (Table 4.33). K increase between the levels of the NSC and CF were inconsistent.
The indiscernible patterns of nutrients concentration in sorghum plant in the two years conform

to findings of Garba (2010).

4.5.3.2 Effect of NSC and CF on nutrient uptake by sorghum in the field

Data on nutrient uptake by sorghum biomass in the field are presented in Table 4.34 for 2009
and 2010.

Nitrogen

There was no significant difference on N uptake with treatment in the sole NPK plants in 2009.
14 RR recorded the least (4.47 g kg™') N uptake while FRR gave the highest (4.98 g kg™') which
were not statistically different from other treatments in 2009. There was significant difference (p
< 0.05) in N uptake in 2010. Control recorded the least N uptake (1.07 g kg) which was
statistically at par with % RR (1.14 g kg™); while, 2 RR recorded the highest N uptake (1.79 g
kg') which was statistically at par with FRR (1.62 g kg™) but different from the control (Table

4.34). There was no discernible pattern in N uptake from sole NPK treatments in both years.

179



Table 4.34: Main effect of NSC and NPK fertilizer on nutrient uptake by sorghum in 2009
and 2010 field study

N uptake (g kg™) P uptake (g kg ™) K uptake (gkg”)
Treatment 2009 2010 2009 2010 2009 2010
NPK (kg ha™)
0 RR 4.50 1.07b 0.44 0.04 0.67 0.54
7 RR 4.88 1.14b 0.59 0.06 0.59 0.81
72 RR 4.46 1.79a 0.43 0.07 0.50 1.17
FRR 4.98 1.62a 0.55 0.05 1.03 0.91
SE + 0.56 0.14 0.09 0.01 0.12 0.22
NSC (t ha™)
0TC 4.68 1.18 0.58 0.06 0.62 0.74
1 TC 4.84 1.52 0.40 0.06 0.42 0.71
2TC 4.36 1.44 0.41 0.05 1.04 0.81
4TC 4.95 1.49 0.61 0.05 0.72 1.17
SE + 0.56 0.14 0.09 0.01 0.12 0.22
Interaction (N x S)
N xS NS NS NS NS NS NS

Means followed by the same letter (s) within the same column are not significantly different at P < 0.05
NS= Not significant

TC = ton ha™ NSC

RR=recommended rate

FRR= Full recommended rate
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However, there was a decrease in N uptake over years (Table 4.34). N uptake was not
significantly different with treatments in sole NSC plots in 2009 and 2010. 2 TC recorded the
least (4.36 g kg™) N uptake while 4 TC gave the highest (4.95 g kg) in 2009 while Control
recorded the least (1.18 g kg™) N uptake and 1 TC gave the highest (1.52 g kg™) in 2010.
Phosphorus

There was no significant difference in P uptake in 2009 and 2010 with sole NPK treatments. /2
RR recorded the least P uptake (0.43 mg kg™) which was slightly lower than the control (0.44
mg kg™) while % RR recorded the highest P uptake (0.59 mg kg™) which was not statistically
different from the other treatments. In 2010, control recorded the least (0.04 mg kg™) P uptake
while %5 RR gave the highest (0.07 mg kg™). There was no significant difference in K uptake
with treatments in sole NPK plants. /4 RR recorded the least K uptake (0.50 g kg™) while FRR
gave the highest (1.03 g kg™) which was not statistically different from other treatments. In
2010, control recorded the least (0.54 g kg™) K uptake while % RR gave the highest (1.17 g kg~

". There was however no discernible pattern of nutrient uptake in the both years.

There was no significant difference in P uptake in sole NSC plots with treatments in both years.
1 TC recorded the least P uptake (0.40 mg kg ) while 4 TC gave the highest (0.61 mg kg™)
(Table 4.34). 2 TC and 4 TC recorded the least P uptake (0.05 mg kg™) while control and 1 TC
gave the highest (0.06 mg kg') in 2010 (Table 4.34). Effect of NPK and NSC interaction was
not significant in both years. However, highest P uptake (1.11 mg kg) in 2009 was obtained
from 1 TC + FRR (Table 4.35).

Potassium

1 TC recorded the least K uptake (0.42 g kg™) while 2 TC gave the highest (1.04 g kg™) in 2009.
K uptake in sole NSC treatments increased with increase in quantity of organic amendment in

2010. 1 TC recorded the least K uptake (0.71 g kg™) while 4 TC gave the highest (1.17 g kg™)
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Table 4.35: Interaction of NSC and NPK fertilizer on nutrient uptake in 2009 and 2010

N uptake (g kg")

P uptake (g kg")

K uptake (g kg")

Treatment 2009 2010 2009 2010 2009 2010
Control 3.98 0.80 0.48 0.05 1.31 0.53
/s RR 2.84 0.50 0.37 0.05 0.83 0.55
72 RR 5.85 1.61 0.63 0.04 0.14 0.68
FRR 6.06 1.81 0.85 0.10 0.19 1.19
1 TC 6.60 1.12 0.44 0.02 0.19 0.47
1 TC+ Y% RR 5.04 0.91 0.35 0.06 1.13 0.59
1 TC+%RR 5.30 1.39 0.51 0.05 0.21 1.32
1 TC + FRR 6.34 1.76 1.11 0.07 0.19 0.79
2TC 4.19 1.15 0.43 0.06 0.18 0.56
2 TC+ YRR 2.84 2.39 0.35 0.08 0.16 0.95
2 TC+%RR 3.71 1.63 0.33 0.06 0.24 0.69
2 TC + FRR 5.47 1.53 0.42 0.09 1.45 2.38
4 TC 3.21 1.23 0.40 0.02 1.01 0.59
4 TC+ YRR 4.86 1.65 0.46 0.06 0.19 0.82
4 TC+ % RR 4.24 1.58 0.38 0.02 3.52 0.68
4 TC + FRR 4.76 1.44 0.51 0.02 0.22 0.94

TC = ton haT NSC
RR = recommended rate
FRR= Full recommended rate
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which was not statistically different from other treatments in 2010 (Table 4.34). Effect of NPK
and NSC interaction was not significant in both years. However, highest K uptake was recorded

from 4 TC + % RR (3.52 g kg™) in 2009 and 2 TC + FRR (2.38 g kg™) in 2010 (Table 4.35).

It is known that inorganic fertilizers release their nutrients rather fast for plants to utilize. This
accounts for the observed high value of the N content of crops fertilized with NPK fertilizer. N
leaching and gaseous emissions have been reported lowest with reduced N application (Guo et
al., 2007). NSC which released a higher percentage of its initial nutrients slowly had higher
plant nutrient contents in 2009. This is consistent with reports in literature (Palmer, 1995). The
non significant treatment effect on nutrient uptake could be attributed to the complex problem of
soil fertility management (Nambiar, 1994). This could only be examined by long-term field
trials as it takes time for the crops, crop rotations, fertilizers and manures to have a reasonable

impact on soil fertility (Ravankar et al., 2001).

In 2010, analysis showed that N concentrations were lower in the control than all the other
treatments. The data also showed that plant N contents decreased with years of cropping in the
control and treatment plots; it signifies low soil fertility. This could be inferred from the
shortcomings of monocropping since crops would be susceptible to the same pests and diseases
as was experienced in the second cropping season when stem borer infestation was on the
increase. Also, the soil would be mined of the same mineral constituents whose replacement
with either organic or inorganic amendments might not be commensurate with plant uptake.
However, since the combined analysis showed that lower rates of CF were superior to higher
rates (Tables 4.34 and 4.35), it indicates that for short term sorghum production programmes,
the combined use of lower rates CF (*4RR) and NSC (1 TC) would be superior to either of the

amendments used alone.
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4.5.4 Effect of NSC and CF on selected soil properties.
The effect of sixteen treatments employed in this study on soil physico-chemical properties are

presented in Table 4.36a and b, and the interactive effects in Table 4.36¢ and d.

4.5.4.1 pH in water and 0.1M CaCl,

Effect of the treatments singly and combined on soil pH in water was not significant at both the
0.01 and 0.05 level of probability at the end of experiment in 2009 and 2010. Also, application
of CF alone in both years decreased soil pH (Table 4.36a) although values recorded were not
statistically different with respect to treatments. Soil pHyaeer at planting were significant in both
years but the effect was not significant even when F-value at the different sampling periods
across growth stage was considered. F-value decreased across the sampling periods in 2009

and 2010 for the CF treatments alone (Appendix).

The effect of NSC on soil pH in water was also not significant and statistically different across
the different inclusion levels. However, F-value increased from planting to side-dressing before
eventually decreasing at harvest in both years. The decrease at harvest from NSC-amended
treatments could be attributed to decomposition-mineralization process prior to nutrient uptake
by the sorghum plants. Also, the non significant effect observed with respect to NSC treatment
could be attributed to the ability of neem seed cake to neutralize acidic soils by a unique

property of calcium mining (Hedge ef al., 1995).

The pH in calcium chloride was less than that of water in both years and not significantly
different with respect to treatments. Also, there were no significant or statistical differences

across the NPK or NSC treatments alone in both years. In 2009 and 2010, pHcaci2 decreased

184



Table 4.36a: Main effects of NSC and CF on selected soil properties

Organic carbon Available Phosphorus Total Nitrogen

Treatment PHvater PHeacn g kg'1 mg kg'1 kg ha’

2009 2010 combined 2009 2010 combined 2009 2010 combined 2009 2010 combined 2009 2010 combined
NPK kg ha™ (N)
0 5.81  4.90 5.35 5.23 4.44 4.84 5.56 5.15 5.36 13.71  12.54 13.13 0.76 0.62 0.69
1/4RR 5.79 4.89 5.37 5.11 4.42 4.76 5.74 5.52 5.63 14.44  15.31 14.98 0.57 0.67 0.62
1/2RR 5.82 494 5.38 5.09 4.38 4.74 5.66 5.42 5.54 13.85 12.40 13.13 0.67 0.66 0.67
FRR 5.79 4.86 5.33 5.20 4.38 4.79 6.27 5.45 5.86 15.17 15.02 15.09 0.62 0.75 0.68
SE + 0.02 0.01 0.05 0.01 0.003 0.03 0.01 0.004 0.03 3.56 4.01 0.78 0.04 0.00 0.06
NSC tha™ (S)
0TC 5.78  4.89 5.33 5.19 4.40 4.80 4.83b 4.81b 4.82b 15.02ab 13.13 14.07 0.60 0.69 0.64
1 TC 5.75 4.88 5.32 5.18 4.40 4.79 5.52ab 5.00ab 5.26b 15.60a 14.22 14.91 0.69 0.67 0.68
2TC 5.88  4.89 5.38 5.15 4.41 4.78 5.80ab 5.64ab 5.72ab 12.40b 12.62 12.51 0.54 0.70 0.62
4TC 5.81 493 5.37 5.11 4.42 4.76 7.08a 6.07a 6.58a 14.15ab 15.53 14.84 0.79 0.63 0.71
SE + 0.02 0.01 0.05 0.01 0.003 0.03 0.01 0.004 0.03 3.56 4.01 0.78 0.04 0.00 0.06
Interaction (N x S)
NxS NS NS NS NS NS NS NS NS NS NS NS NS NS NS

NB: Means followed by the same letter (s) within the same column are not significantly different at p < 0.05
NS=not significant

TC = ton ha™ NSC

RR = recommended rate

FRR = full recommended rate
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Table 4.36b: Main effects of NSC and CF on selected soil properties

Exchangeable Exchangeable Exchangeable Exchangeable
Potassium Magnesium Sodium Calcium Exchangeable Acidity

Treatment cmol kg cmol kg cmol kg'! Cmol kg cmol kg

2009 2010  combined 2009 2010  combined 2009 2010 combined 2009 2010 combined 2009 2010 combined
NPK kg ha™ (N)
0 0.10 0.07b 0.08 0.41 0.84 0.62 0.25 0.07 0.16 2.10 3.12b 2.61 039 0.27ab 0.33
74 RR 0.11 0.07ab 0.09 0.40 1.11 0.76 0.29 0.08 0.18 2.18 3.85a 3.01 0.44  0.29ab 0.37
%2 RR 0.18  0.09a 0.13 0.40 1.02 0.71 0.25 0.09 0.17 2.02 3.63ab  2.82 043 033a 0.38
FRR 0.11  0.06b 0.08 0.41 1.05 0.73 0.25 0.06 0.16 2.01 3.33ab  2.67 0.41 0.26b  0.33
SE + 0.004  0.00 0.02 0.00 0.09 0.08 0.002  0.001 0.01 0.05 0.16 0.13 0.004 0.001 0.02
NSC tha™ (S)
0TC 0.10  0.05b 0.08 0.39 1.16 0.77 0.26 0.05 0.15 2.08 3.50 2.79 043 028  0.36
1 TC 0.10  0.09a 0.09 0.39 0.72 0.56 0.26 0.09 0.17 1.94 3.20 2.57 044 031 0.38
2TC 0.12  0.08a 0.10 0.43 1.13 0.78 0.28 0.08 0.18 2.13 3.60 2.87 042 028 035
4TC 0.17  0.08a 0.13 0.41 1.02 0.72 0.26 0.08 0.17 2.15 3.63 2.89 038 028 033
SE + 0.004  0.00 0.02 0.00 0.09 0.08 0.002  0.001 0.01 0.05 0.16 0.13 0.004 0.001 0.02
Interaction (N x S)
NxS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS

NB: Means followed by the same letter (s) within the same column are not significantly different at p < 0.05

NS=not significant
TC = ton ha™ NSC
RR =recommended rate

FRR = full recommended rate
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Table 4.36¢: Interactive effects of NSC and CF on selected soil properties

organic carbon phosphorus nitrogen
Treatment PHuwater pHcacix g kg‘1 mg kg‘1 kg ha™
2009 2010 combined 2009 2010 combined 2009 2010 combined 2009 2010 combined 2009 2010 combined

Control 57 438 53 5.1 4.5 4.8 377 512 4.44 16.33 14.88 15.60 041 0.70 0.56
¥4 RR 59 49 5.4 52 44 4.8 537 4.67 5.02 12.83 12.54 12.69 0.65 0.70 0.68
% RR 59 50 5.5 54 45 4.9 6.08 595 6.01 12.25 9.63 10.94 0.53 0.58 0.56
FRR 57 49 53 52 44 4.8 7.03 486 5095 13.42 13.13 13.27 1.46 0.47 0.97
1 TC 58 48 53 52 43 4.8 576 5.24 5.5 15.17 15.46 15.31 0.53 0.76 0.64
1 TC+ % RR 56 49 53 5.1 4.5 4.8 6.39 492 5.66 14.00 15.75 14.88 0.76 0.64 0.70
1 TC+ % RR 59 49 5.4 50 44 4.7 569 467 5.18 12.83 13.13 12.98 0.53 0.64 0.59
1 TC + FRR 58 49 5.4 5.1 4.5 4.8 512 723 6.17 15.75 17.79 16.77 047 0.64 0.56
2TC 58 49 5.4 52 44 4.8 5.69 448 5.08 14.00 11.08 12.54 0.64 0.59 0.62
2TC+%RR 56 438 5.2 5.1 4.4 4.8 396 5.18 4.57 16.92 12.83 14.88 0.76 0.64 0.70
2TC+%RR 58 49 5.4 50 4.4 4.7 6.14 6.52 6.33 11.67 12.54 12.10 0.59 0.70 0.65
2 TC+FRR 6.0 5.1 5.6 50 43 4.7 684 55 6.17 12.83 13.13 12.98 0.70 0.70 0.70
4TC 58 5.0 5.4 53 4.4 49 409 441 4.25 14.58 11.08 12.83 0.82 0.70 0.76
4TC+%RR 59 49 5.4 5.3 4.4 4.8 633 524 5.79 18.67 15.75 17.21 0.59 0.70 0.65
4TC+%RR 59 47 53 52 44 4.8 531 544 537 12.83 15.17 14.00 0.53 0.88 0.70
4 TC+FRR 56 438 5.2 50 44 4.7 934 6.71 8.02 14.58 18.08 16.33 0.53 0.70 0.62
SE + 0.06 0.03 0.04 0.05 0.02 0.03 0.05 0.03 0.03 0.88 0.93 0.68 0.09 0.04 0.05

TC = ton haT NSC
RR = recommended rate
FRR = full recommended rate
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Table 4.36d: Interactive effects of NSC and CF on selected soil properties

Exchangeable

potassium Exchangeable magnesium Exchangeable sodium Exchangeable calcium Exchangeable acidity

Treatment cmol kg™ cmol kg™ cmol kg™ cmol kg™! cmol kg™!
2009 2010 combined 2009 2010 combined 2009 2010 combined 2009 2010 combined 2009 2010 combined

Control 0.08 0.04 0.06 041 1.20 0.81 024 0.04 0.15 2.07 3.33 2.70 0.47 0.27 0.37
4 RR 0.11 0.09 0.1 040 0.63 0.52 0.28  0.12 0.20 2.07 2.80 243 033 0.30 0.32
4 RR 0.09 0.08 0.09 0.46  0.40 0.43 0.26  0.08 0.17 2.07 2.87 2.47 0.40 0.27 0.33
FRR 0.12 0.06 0.09 035 1.13 0.74 0.24 0.05 0.14 220 347 2.83 037 0.23 0.30
1 TC 0.11 0.06 0.09 042 1.03 0.73 0.29 0.04 0.17 237 3.70 3.03 0.40 0.30 0.35
1TC+%RR  0.11 0.07  0.09 0.40 0.82 0.61 0.25 0.07 0.16 1.83  3.40 2.62 0.50 0.30 0.40
1TC+%RR 0.15 0.06 0.11 038 145 0.92 036 0.12 0.24 240 4.10 3.25 043 0.23 0.33
ITC+FRR  0.09 0.09 0.09 040 1.13 0.77 0.27  0.07 0.17 2.10 4.20 3.15 043 0.33 0.38
2TC 0.08 0.05 0.07 036 1.40 0.88 0.23  0.07 0.15 1.93 3.87 2.90 0.43 0.30 0.37
2TC+%RR  0.10 0.13  0.12 036 0.38 0.37 0.24  0.09 0.16 1.97 3.20 2.58 0.53 0.33 0.43
2TC+%RR  0.14 0.1 0.12 045 1.68 1.07 0.26  0.06 0.16 2.03 423 3.13 0.47 0.37 0.42
2TC+FRR  0.38 0.08 0.23 044  0.62 0.53 028 0.14 0.21 2,13 3.20 2.67 0.30 0.30 0.30
4TC 0.13 0.05 0.09 036 1.02 0.69 0.26  0.06 0.16 1.93 3.10 2.52 0.43 0.27 0.35
4TC+%RR 0.09 0.05 0.07 041 1.03 0.72 0.26  0.09 0.17 1.90 3.40 2.65 0.40 0.30 0.35
4TC+%RR  0.09 0.05 0.07 042 097 0.69 022  0.05 0.14 2.03 3.20 2.62 037 0.23 0.30
4TC+FRR  0.11 0.07  0.09 045 1.20 0.82 0.26  0.05 0.15 2.17 3.63 2.90 043 0.23 0.33
SE + 0.03 0.01 0.02 0.02 0.14 0.07 0.02 0.01 0.01 0.10 0.19 0.12 0.03 0.02 0.02

TC = ton ha” NSC
RR = recommended rate
FRR = full recommended rate
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with increase in nutrient content of CF treatment plots alone (Table 4.36a). For NSC-amended
plots, the control was slightly higher than the organic treatments in 2009. The trend was control
> 1 NSC > 2 NSC > 4 NSC in 2009 while in the year 2010, the pHcaciz increased with increase

in NSC.

The decrease in pH over years in CF amended plots was consistent with acid producing nature
of fertilizer due to its nitrogen and phosphorus content (Pestov, 1994). This implies that
continous use of CF will increase soil acidity which will result in crop yield reduction. The
remarkable decrease over years corroborates with the submission of Bache and Heathcote
(1969) that sandy parent materials and low organic matter content have rendered the savanna
soils low in buffering capacity, hence significant changes in the soil pH. The reduction in soil
pH following incorporation of NSC could be due to its high sulphur content (not determined).
Organic residues with high amount of S could reduce soil pH as a result of the addition of
sulphate thereby increasing the acidity produced by oxidation of N during decomposition

(Obatolu and Agboola, 1993; Van Der Meersh et al., 1993).

4.5.4.2 Organic Carbon

Effect of inorganic fertilizer on soil organic carbon was not significant (P < 0.05) at the end of
experiment in 2009 and 2010 in the sole CF plots. There was a decrease in the organic carbon
content in 2009 and 2010 (Table 4.36a). In 2009, FRR gave the highest organic carbon content
(6.27 g kg™) while control recorded the least (5.56 g kg™). In 2010, % RR recorded the highest
(5.52 g kg™") while control had the least organic carbon content (5.15 g kg™) (Table 4.36a)

which were not statistically different in both years.
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The use of NSC as an organic amendment had significant effect on organic matter in the soil in
both years. 4 TC had the highest (7.08 g kg™ in 2009 and 6.07 g kg™ in 2010) while control
recorded the least (4.83 g kg™ and 4.81 g kg™) in 2009 and 2010 respectively which were
statistically different from other treatments (Table 4.36a). Organic carbon increased with
increasing levels of NSC. The low OC in 2010 compared with 2009 conforms to the findings of
Papendick (1994) who reported a decrease in soil organic matter levels following cultivation.
However, Solomon et al. (2008) and Garba (2010) reported non-significant effects on OC in

field trials conducted.

4.54.3 Available Phosphorus

Results of the soil chemical analysis showed that available phosphorus at the end of the
experiment in both years was not significantly influenced by the treatments (Table 4.36a) in the
sole NPK plots. Soil available P in 2009 was slightly higher in FRR (15.17 mg kg™) than at
other rates while control (13.71 mg kg") recorded the least mean P concentration. But, the
differences were not statistically significant at both the 0.01 and 0.05 levels of probability. In
2010, 4 RR gave the highest concentration (15.31 mg kg™) while % RR recorded the least P
concentration (12.40 mg kg™). However, application of CF treatments did not show a discernible

pattern on P content in the soil after cropping in both years.

NSC amended plots alone in 2009 were significantly influenced by the treatments (Table 4.36a).
1 TC gave the highest P concentration (15.60 mg kg') while the control gave the least P
concentration (12.40 mg kg™). However, in 2010, there was no significant difference in P
concentration with treatments. 4 TC recorded the highest (15.33 mg kg') while 2 TC had the
least P concentration (12.62 mg kg™) (Table 4.36a). The non significant difference between

control and treatment plots in 2010 could be attributed to the ability of the soil to maintain an
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equilibrium concentration of solution P with the adsorbed P; since solution P was rapidly
replenished by P from labile inorganic P (P;) minerals and by biochemical mineralization of
labile organic P (Pg¢) (Van Noordwijk et al., 2004). This was probably due to the effect of
temperature in 2010 (Acquaye, 1963). Black and Goring (1953) reported that self fertilization,
arising from return of organic P in litter and its subsequent mineralization, constitutes the
primary means of increasing P availability from low level usually found in parent materials.
This sort of turnover could be substantial in tropical soils, especially in regions where rains are

preceded by a drought as was experienced in the course of the present study.

4.5.4.4 Total Nitrogen

The analysis of variance (ANOVA) for total nitrogen (TN) showed that there were no significant
differences on total N irrespective of treatment and sampling date; i. e. before NSC
incorporation, planting, heading and harvest. However, there was a slight decrease in the control
treatment in 2009 to 2010. There was an increase in the CF amended plot over years (Table
4.36a) except ¥ RR which recorded a slight decrease (0.67 kg ha™ in 2009 to 0.66 kg ha™ in
2010). In 2009, CF amendment had a positive effect on total soil N evident from the increase in
F-value from planting to harvest, although not significant both in 2009 and 2010. The positive
effect, though not significant, could be attributed to high residual mineral-N (0.473 g kg™) from

cowpea that preceded sorghum in 2009.

NSC as an organic amendment had a positive effect on TN although this was not high enough to
have a significant effect on soil quality index in both years. The decrease in F-value in 2009
from side-dressing to harvest could be attributed to inadequate moisture and temperature in the
late season in spite of the slow growth rate and consequently, low soil N uptake by the plants

that were expected (Wedin and Tilman, 1990). Giller and Wilson (1991) reported that in the
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absence of disturbance, which was the situation from side-dressing to harvest in this trial,
virtually the entire mineral-N in soil is present as ammonium ion, and nitrification, which was
substantially lost through leaching of nitrate. Also, this was a period of high nutrient demand by
the crop (grain filling) aside the loss of more labile fraction before side-dressing leaving behind
the recalcitrant fraction. The increase from planting to side-dressing in the same year could be
due to the dramatic release of available soil N two or three months later in acid savanna soil

emanating from disturbance of the soil due to cultivation (Sylvester-Bradley et al., 1988).

However in 2010, the effect of NSC on soil TN was not significant. The positive effect in 2010
could be attributed to increase in the relative quantity of N in NSC after decomposition; as a
result of nitrogenous complexes which are rendered resistant to further rapid decomposition
(Millar et al., 1965). Soil TN was highest for control treatment (0.76 kg ha™) in 2009 while %
RR had the least (0.57 kg ha™) than at other rates but the differences were not significant. In
2010, on the other hand, FRR (0.75 kg ha) was slightly higher than the other rates including the
control which had the least (0.62 kg ha™") although the difference were not significant at both the

0.01 and 0.05 level of probability.

In 2009, 4 TC (0.79 kg ha™) was slightly higher than the other sole NSC levels including the
control (0.60 kg ha™). While, in 2010, 2 TC gave the highest N concentration (0.70 kg ha™) and
4 TC (0.63 kg ha™) had the least (Table 4.36a). The non significant differences with treatments
over years could be attributed to the slow decomposition of NSC such that absorbed plant
nutrients were not enough to warrant a significant change in the soil. There were no significant
interactions between treatments for soil TN concentrations, indicating that all NSC treatments

responded to NPK fertilizer about equally.

192



4.5.4.5 Exchangeable potassium

At the end of experiment in 2009, sole CF and NSC treatments did not significantly affect
exchangeable K contents in soil (Table 4.36b). However, main effect from sole NSC
treatments exhibited a positive effect on soil exchangeable K for the three sampling periods
evident from increase in F-value across the periods, although this was not high enough to be
significant. For CF treatments, result of 2 RR was slightly higher (0.18 cmol kg™) than others
but not statistically different from other treatments including the control which had the least
(0.10 cmol kg™) exchangeable K concentration in 2009 (Table 4.36b). 4 TC recorded the
highest (0.17 cmol kg™') K content while control and 1 TC both had the least (0.10 cmol kg™)

K concentration.

In 2010, exchangeable K for sole CF and NSC treatment plots were significant at the 0.01 level
of probability. Result of 1 TC was slightly higher (0.09 cmol kg') than others but not
statistically different (Table 4.36b). However, control recorded the least (0.05 cmol kg™) which
was statistically different from the other NSC treatments (Table 4.36b). There were no
significant interactions between treatments for soil K concentrations, indicating that all NSC

treatments responded to NPK fertilizer about equally.

4.5.4.6 Exchangeable magnesium

No significant difference was observed in exchangeable magnesium among treatments over
years. In 2009, control and FRR had higher concentration (0.41 cmol kg™) while ' and % RR
had the least (0.40 cmol kg™). In 2010, magnesium content after cropping decreased with
increasing CF treatments (Table 4.36b). The highest content (1.11 cmol kg™) was recorded
from % RR while the least (0.84 cmol kg') was obtained from control. The increase in

exchangeable Mg in 2010 from CF treatments could be attributed to the high rate of nitrate
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uptake favoured by low pH conditions. When plants absorb high levels of nitrate, there is an
increase in organic anion synthesis within the plant coupled with a corresponding increase in

the accumulation of inorganic cations (calcium, magnesium, potassium) (Tisdale et al., 2003).

Similarly, there was no significant effect on exchangeable Mg concentration with treatments in
sole NSC plots in both years of the experiment. 2 TC recorded the highest Mg concentration
(0.43 cmol kg™) in 2009 while control and 1 TC gave the least concentration (0.39 cmol kg™).
In 2010, control gave the highest concentration (1.16 cmol kg™) while 1 TC recorded the least
(0.72 cmol kg™). Effect of CF and NSC interaction was not significant in both years (Table

4.36b).

4.5.4.7 Exchangeable sodium

At the end of experiment in 2009 and 2010, main effects of the treatments did not significantly
affect exchangeable sodium in the soil. Treatment plots were not significantly different in their
exchangeable sodium across the years (Table 4.36b). Exchangeable sodium at planting in 2009
was highly significant (P < 0.01). In spite of the high significance at planting in 2009 from CF
treatments, the effect was negative as the trend decreased drastically across the sampling periods
(F-value). In 2010 on the other hand, the trend was not consistent although the exchangeable Na
decreased with increase in NPK fertilizer: % RR (0.09 cmol kg ') > 4 RR (0.08 cmol kg ™) >
FRR (0.06 cmol kg™) (Table 4.36b) while the control recorded a slightly higher value (0.07
cmol kg™) than FRR.

In sole NSC treatments, there were no significant differences with treatments in both years.
Also, there was a sharp decrease in sodium concentration across the two years. 2 TC recorded

the highest (0.28 cmol kg™) concentration in 2009 while 1 TC and 4 TC both gave same value
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with the control which was the least (0.26 cmol kg™). There were no significant interactions

between treatments for soil Na concentrations.

4.5.4.8 Exchangeable calcium

Sole CF treatments had a positive effect on the soil chemical property in 2010. Exchangeable Ca
decreased with increasing CF treatments in both years. The highest exchangeable Ca (3.85 cmol
kg') was obtained from Y RR treatments which was statistically different from the control (3.12
cmol kg™) which has the least content but similar to % RR (3.63 cmol kg™) and FRR (3.33 cmol
kg™) which were statistically the same in 2010 (Table 4.36b). In the NSC amended plots, 4 TC
(3.63 cmol kg™') was slightly higher than the other treatments in both years (Table 4.36b), which
were not statistically different at 0.01 and 0.05 level of probability. Also, exchangeable Ca
increased with increase in the organic amendments: 4 NSC > 2 NSC > 1 NSC (Table 4.36b).
The highest exchangeable Ca (3.63 cmol kg™') was obtained from 4 TC while 1 TC recorded the
least concentration (3.20 cmol kg'l). There were no significant interactions between treatments

for soil Ca concentrations.

The increase in exchangeable Ca in 2010 from CF treatments could be attributed to high rate of
nitrate uptake favoured at low pH conditions. When plants adsorb high levels of nitrate, there is
an increase in organic origin anion synthesis within the plant coupled with a corresponding
increase in the accumulation of inorganic cations (calcium, magnesium, potassium) (Tisdale et

al., 2003).

4.54.9 Exchangeable Acidity
There was no significant difference in exchangeable acidity in 2009 at both 0.01 and 0.05 level

of probability. Exchangeable acidity decreased with increase in CF treatments (Table 4.36b). %4
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RR (0.44 cmol kg ™) recorded the highest while control had the least (0.39 cmol kg™) in 2009. In
2010, no discernible pattern was followed but 4 RR (0.33 cmol kg™) gave the highest which
were statistically different from FRR (0.26 cmol kg™) that had the least. In sole NSC treatments,
exchangeable acidity decreased with increasing rates. In 2009, 1 TC recorded the highest (0.44
cmol kg) EA value while 4 TC had the least (0.38 cmol kg™) which was lower than control
(0.43 cmol kg™). Also, 1 TC (0.31 cmol kg™) recorded the highest EA while control and the
other treatments (0.28 cmol kg™) had the least which were statistically at par in 2010 (Table

4.36b).

4.5.5 Inter-relationships of soil chemical properties in the field following NSC and NPK
incorporation in 2009 and 2010 by factor analysis

Factor analysis (FA), using principal components extraction and varimax rotation was
performed on standardized values of 11 measured field soil properties representing soil
chemical/ nutrient indicators with each variables having a zero mean and unit variance with total

variance = number of variables (Garson, 2007) in 2009 and 2010.

4.5.5.1 Principal component analysis of selected soil properties in the field following NSC
and NPK incorporation in 2009 and 2010

The results presented in Table 4.37 showed that four factors were extracted in 2009. Factor 1
explained 21% of the variance in the original variables and factor 2 explained an additional 20%
of the variance while factor 3 and 4 explained 13% each of the variance in the original variables

respectively. In 2010 on the other hand, five factors were extracted (Table 4.37). Factor 1
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Table 4.37: Eigenvalue, proportion and cummulative variance explained by factor analysis using correlation matrix of
11 soil properties in 2009 and 2010 on the field.

— 2009 — 2010 —

— % — — % —

Component Eigenvalue Proportion Cummulative  Eigenvalue = Proportion Cummulative
1 2.320 21.095 21.095 2.886 26.239 26.239
2 2.183 19.844 40.939 1.803 16.390 42.629
3 1.389 12.630 53.568 1.429 12.995 55.623
4 1.384 12.583 66.151 1.374 12.495 68.118
5 1.262 11.472 79.591

197



explained 26% of the variance in the original variables and factor 2 explained an additional 16%
of the variance while factor 3, 4 and 5 explained 13%, 12% and 11% of the variance in the
original variables respectively. The factor components (FCs) with eigenvalues > 1 were retained,
since eigenvalues < 1 indicated the factor could explain less variance than an additional soil
property. Eigenvalues from the correlation analysis indicated that the first four FCs accounted
for 66% of the variance of soil properties standardized value (Table 4.37) in 2009 while the first

five FCs accounted for 80% of the variance of soil properties standardized value in 2010.

In 2009, the FC 1 explained 21% which included exchangeable calcium, exchangeable
magnesium and effective cation exchange capacity (ECEC) (communality estimates varied
between 0.62 and 0.89 for different variables in 2009) as the major contributing variables (Table
4.38). The FC 2 accounted for 20% which included pHyater, €xchangeable K, Na and available P
(communality estimates varied between 0.48 and 0.81) as the major contributing variables
(Table 4.38). The FC 3 and FC 4 both explained 13% of the total variance which included
exchangeable acidity (EA) and pHcacrz in FC 3, and organic carbon (OC) and nitrogen in FC 4
(communality estimates for EA = 0.53 and for pHcacz = 0.64 from FC 3 whereas FC 4 had

communality estimates for OC = 0.53 and nitrogen = 0.76).

In 2010, the FC 1 explained 26% which included exchangeable calcium, exchangeable
magnesium and effective cation exchange capacity (ECEC) (communality estimates > 0.90) as
the major contributing variables (Table 4.38). The FC 2 accounted for 16% which included
PHuwater, €xchangeable acidity and available P (communality estimates varied between 0.61 and
0.82) as the major contributing variables (Table 4.38). The FC 3 and FC 4 both explained 13%
of the total variance which included exchangeable K and Na (communality estimate for K = 0.80

and for Na = 0.68) in FC 3, while FC 4 included pHcacr, and organic carbon (OC) (communality
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Table 4.38: Proportion of variance using varimax rotation and kaiser normalized, and communality estimates for 11 soil properties
(principal component method) in 2009 and 2010 on the field.

FC1 FC2 FC3 FC 4 FC5
Soil properties 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010
PHuwater 0.043 0.316 0.865 -0.669 -0.193  0.449 -0.14 0.234 -0.108
pHcacn -0.141  0.138 0.003 -0.155 -0.786 -0.143 -0.036  0.722 -0.323
Exchangeable
acidity -04 -0.121 -0.155  0.758 0.479 0.146 -0.341 -0.082 -0.32
Organic carbon 0.339 -0.01 -0.144 0.216 0.053 0.481 0.621 0.636 0.423
Calcium 0.873 0.901 -0.099 0.3 0.119 -0.086 0.179  0.048 0.005
Magnesium 0.654 0.946 0.062 0.044 -0.351 -0.114 -0.252  0.041 0.039
Potassium 0.064 -0.142 0.736 0.322 0.146  0.793 0.169 0.127 -0.17
Sodium 0.207  0.282 0.641 0.044 0.384  0.497 -0.114 -0.475 -0.36
Available
phosphorus 0.119 -0.251 -0.608 0.629 0.309 -0.199 -0.022  0.175 0.286
Nitrogen -0.169 0.244 0.093 -0.12 -0.068 0.326 0.849 -0.353 0.675
Effective Cation
Exchange Capacity 0.862 0.964 0211 0.244 0.31 -0.074 0.054 0.024 -0.013

The rotation converged in 12 iterations. Factor scores of variables in bold letters indicate the major contributors in the group. FC — factor component
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estimates for pHcacz = 0.69 and for OC = 0.86). The FC 5 explained 11% of total variance
which included nitrogen (communality estimates for N = (0.76) as the major contributing

variable (Table 4.38).

In 2009, FA reduced 11 measured soil properties into four FC groups that explained 66% of the
total variability. FC 1 was directly related to ‘soil potential exchange capacity properties’ which
explained 21% of the total variance (Table 4.38) with a positive loading of exchangeable
calcium, magnesium and ECEC explaining the major variation of exchange capacity of the
treatment. The FC 2, named ‘soil additional potential nutrients’ explained 20% of variance with
a positive loading from pHyater, €xchangeable K and sodium and a negative loading from
available P (Table 4.38). The positive loading from pHyater would have contributed to the loss of
pH-dependent charges. Thus, the increase in pH with increase in treatments resulted in more
positively charged ions in the soil; evident from the high positive loading from K and Na, and
the negative loading from available P. FC 3, called ‘soil acidifying properties’ explained 13% of
the variance had positive loading from EA and a negative loading for pHcaci. However, this
acidifying effect favoured the release of available P, evident from the positive loading in FC 3.
The FC 4 called ‘organic properties’ explained 13% of the variance had positive loading from

organic carbon and nitrogen.

In 2010, FA reduced the 11 measured soil properties into five FC groups that explained 80% of
the total variability (Table 4.37). FC 1 was directly related to ‘soil potential exchange capacity
properties’, which explained 26% of the total variance (Table 4.37). The FC 2 named, ‘soil
acidifying properties’ explained 16% of the total variance (communality estimates was between
0.61 to 0.82 for different variables) as the major contributing variables, with positive loadings

for EA (0.76) and available P (0.63), and a negative loading for pHyater (-0.67) (Table 4.38). The
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FC 3, called ‘soil additional potential nutrients’ explained 13% of the total variance which
included Na and K (communality estimates for Na = 0.68 and for K = 0.80) as the major
contributing variables. FC 4 was the ‘organic potential properties’ which included SOC and
pHcacr explained 12% of the total variable (communality estimates for pHcacz = 0.69 and for
OC = 0.88) while FC 5 was called the ‘soil highly potential nutrient properties’ which included
nitrogen explained 11% of the total variance (communality estimate for N = 0.76) as the major

contributing variable (Table 4.38).

The ‘soil potential exchange capacity’ has significant influence on acidifying capacity and
nutrient availability. Significant highest positive and negative inter-relationships were observed
between ECEC, Ca and Mg, and available P. SOM and N influenced water holding capacity and
nutrients in soil system, which was essential for sorghum production. Soil N influenced early
growth of sorghum in 2009 whereas inherently low soil N status in 2010 allowed for a clear
manifestation of treatment effect. Thus, NSC being a slow nutrient releasing organic amendment
had plants with an initial slow growth but the two weeks incorporation was adequate as it
synchronized nutrient release later in the year with period of optimum uptake (grain filling) by

the sorghum plants.

The dominant factor in assessing soil quality varied with N concentration. Soil pH and EA were
the most discriminating factor in FC 2 which influenced biomass yield and return of biomass to
the soil (nutrient availability). However, NSC did not acidify the soil to the same degree under
field conditions as it did in the laboratory and greenhouse controlled-system studies because
protons generated from the nitrification of NH4-N were neutralized by OH" ions released by
plant roots when NO3-N was absorbed (Mohammed, 2009; Boumann et al., 1995). Also, the

production of carbonates of Ca and Mg evident from the positive loading of Ca and Mg in FC 5,
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simultaneously with certain free organic acids formed tend to make the environment alkaline

aside modification of acidity of the environment by plants themselves (Leeper, 1964).

4.6  Effect of NSC and CF on nutritional status of sorghum

4.6.1 Effect of NSC and CF on crude protein

Data on sorghum nutritional status as affected by neem seed cake and inorganic fertilizer in
2009, 2010 and combined are presented in Table 4.39 for main effects and 4.40 for interaction.
In 2009, the least crude protein content (7.07%) was obtained from 1 TC treatment which was
closely followed by the control (7.24%) while the 1 TC + FRR gave the highest crude protein
content of 10% in the grain in the same year. In 2010 on the other hand, the least grain crude
protein content (7.06%) was obtained from the 2 TC which was closely followed by the 1 TC +
%4 RR, 2 TC + FRR and 4 TC treatments (7.23%) while the control recorded the highest grain
crude protein content of 8.44%. However, sorghum grain crude protein showed no significance
difference among treatments — sole NPK, and NSC as well as interactions (NPK plus NSC) in
2010 year of the study. 1 TC + FRR and 4 TC + 2 RR gave the highest crude protein content

(8.87%) in the two years combined.

Variation in the quantity and quality of crude protein in the grain sorghum for both years could
be attributed to the level of nitrogen in the soil. The level of nitrogen fertilizer influences
quantity and quality of protein in sorghum (Deosthale and Visweswar, 1972; Waggle et al.,
1967). Also, Warsi and Wright (1973) noted that application of nitrogen fertilizer increased
grain yield and protein. Higher protein in response to fertilizer nitrogen was mainly the result of
increased accumulation of prolanin, a poor-quality protein, in the grain (Sawhney and Naik,
1969). Consequently, year 2009 which experienced higher residual mineral-N owing to the

legume that preceded sorghum in the first year of the study recorded higher crude protein range
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Table 4.39: Main effects of neem seed cake and inorganic fertilizer on grain sorghum

crude protein and tannin contents

2009 2010 Combined 2009 2010  Combined
Treatment Crude protein (%) Tannin (mg kg™)
NPK kg ha™ (N)
0 7.45b 7.57 7.51 0.42 0.92 0.67
7 RR 8.36ab 7.70 8.03 0.41 0.94 0.68
72 RR 8.69ab 7.75 8.22 0.37 0.75 0.56
FRR 9.17a 7.44 8.31 0.38 0.81 0.60
SE + 0.43 0.25 0.28 0.03 0.08 0.07
NSC tha™ (S)
0TC 8.18 7.79 7.99 0.45 0.99 0.72
1 TC 8.32 7.62 7.97 0.36 0.89 0.62
2TC 8.10 7.49 7.79 0.38 0.81 0.60
4TC 9.08 7.57 8.33 0.39 0.74 0.57
SE + 0.43 0.25 0.28 0.04 0.08 0.06
Interaction (N x S)
N xS NS NS NS NS NS NS

NB: Means followed by the same letter (s) within the same column are not significantly different at p < 0.05
NS=Not Significant

TC = ton ha” NSC

RR = recommended rate

FRR = full recommended rate
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Table 4.40: Interaction effect of neem seed cake and inorganic fertilizer on grain sorghum crude
protein and tannin contents

Treatment Crude protein (%) Tannin (mg kg™)
2009 2010 Combined 2009 2010 Combined

Control 7.24 8.44 7.84 0.43 0.99 0.71
7 RR 8.96 8.09 8.52 0.56 0.93 0.75
72 RR 8.26 7.4 7.83 0.39 1.11 0.75
FRR 8.27 7.23 7.75 0.41 0.93 0.67
1 TC 7.07 7.57 7.32 0.39 1.22 0.81
1 TC + % RR 7.93 7.23 7.58 0.39 1.11 0.75
1 TC +% RR 8.27 7.91 8.09 0.37 0.58 0.47
1 TC + FRR 10.00 7.74 8.87 0.31 0.64 0.47
2TC 7.75 7.06 7.40 0.41 0.81 0.61
2 TC + % RR 7.75 7.75 7.75 0.33 0.76 0.54
2TC +%RR 8.26 7.92 8.09 0.37 0.70 0.53
2 TC + FRR 8.62 7.23 7.92 0.41 0.99 0.70
4TC 7.75 7.23 7.49 0.45 0.64 0.54
4 TC + % RR 8.78 7.75 8.26 0.37 0.99 0.68
4 TC +% RR 9.98 7.75 8.87 0.37 0.64 0.50
4 TC + FRR 9.81 7.57 8.69 0.39 0.70 0.54
Mean 8.42 7.62 8.02 0.40 0.86 0.63
CV % 20.23 13.37 13.84 35.52 37.41 27.95
SE + 0.48 0.18 0.28 0.03 0.08 0.04

TC = ton haT NSC
RR = recommended rate
FRR = full recommended rate
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(7.07 -9.99%) while 2010 with less residual mineral-N at planting which emanated from the

sorghum following sorghum in the second year had less range (7.06 — 8.44%).

4.6.2 Effect of NSC and CF on tannin content

The 2010 grain sorghum recorded a higher tannin concentration in spite of the less crude protein
for the year which was contrary to the submission of Myer et al. (1994) who reported that high
tannin grain sorghum tended to have higher contents of crude protein, lysine, methionine and
ether extract than low tannin grain sorghum. However, the level of tannin in the grain sorghum
for both years and the combined fall within the range of 1.3 — 3.6% in very high tannin sorghum
and 0.1 -0.7% in high tannin sorghum reported by the researchers (Myer et al., 1994). The
increase in tannin content which was higher than 0.75% threshold level (Berkel and Voragen,
2002) for some treatment plots (Table 4.40) for the year 2010 could be attributed to
solubilization occurring as the grain took up water or to synthesis of polyphenols during
germination (Hamid, 2001). For the two years combined, tannin content ranged between 0.47
mg kg™ — 0.81 mg kg™, thus, the variety used could be classified as containing low tannin except

the 1 TC (0.81 mg kg™) which could be said to be moderate.

4.7  Correlation between growth, yield and yield components

The correlation coefficients between some plant indicators (leaf area index, leaf number, stem
girth, plant height and dry matter yield); yield components such as days to 50% - panicle
emergence and — flowering, harvest index, threshing percentage, 1000 grain weight, etc and
sorghum performance (grain and stover yield, crude protein and tannin contents) for 2009, 2010
and the two years combined are shown in Table 4.41 (a to c). A large number of the associations

were positive, however some were negatively correlated.
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Table 4.41a: Matrix of Simple correlation coefficient between yield, yield components and some growth parameters in 2009 cropping season.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 1.0000
2 0.5957***  1.0000
3 0.8040***  (0.6457*** 1.0000
4 0.4541%* 0.4491**  0.4916**  1.0000
5 0.5565***  (0.5743**%* (.5562*** 0.7109*** 1.0000
6 -0.3991%%  -0.4513**  -0.5205*** -0.5379*** -0.6549*** 1.0000
7 -0.3699%*  -0.4254**  -0.4756** -0.5000%* -0.6244**  0.9790*** 1.0000
8 0.2508 0.3274* 0.2876* 0.2533 0.2498 -0.3517** -0.3540** 1.0000
9 0.3122* 0.3419* 0.2972* 0.3450**  0.2529 -0.3919** -0.3944**  (0.8952*** 1.0000
10 -0.0312 -0.0833 -0.0102 0.2165 0.2205 0.0195 0.0392 0.0272 -0.0177 1.0000
11 0.3124* 0.3432* 0.2992* 0.3453* 0.2535 -0.3931** -0.3947** 0.8979*** (0.8979*** -0.0218 1.0000
12 0.4375%*  0.5218**%* (.5458*** (.4213** 0.6441*** -0.6498*** -0.6533*** (.5290***  (0.5291*** (.3381* 0.5259*** 1.0000
13 0.4471%*  0.5280*** 0.5417*** 0.4384**  (0.6216*** -0.6515%** -0.6549*** 0.6328***  (0.6508*** (.2988* 0.6481***  0.9886*** 1.0000
14 -0.0684 -0.1015 -0.2008 -0.0112 -0.2971* 0.1582 0.1545 0.4989**  0.5995*** _0.3335*%  0.6024*** -0.3482*  -0.2050 1.0000
15 -0.0382 -0.0999 -0.1165 0.2102 0.0472 -0.04792  -0.2624 -0.2542 0.07147 0.3526** 0.1610 0.3481* 0.0764 0.3059* 1.0000
16 -0.2661 -0.2593 -0.2081 -0.3326*  -0.4469**  (0.3314*  0.3434* -0.2116 -0.3284* 0.1043 -0.3302* -0.2499 -0.2822 -0.1609  -0.3356* 1.0000
17 0.2722 0.0585 0.3136* 0.0169 -0.0017 -0.0485 -0.0920 0.2732 0.1360 0.0462 0.1353 0.2125 0.2143 -0.0446 -0.2818 -0.0017 1.0000
N. B: 1. Leaf area index 10. 1000 grain weight
2. Leaf number 11. Grain yield
3. Dry matter yield 12. Stover yield
4. Stem girth 13. Total dry matter yield
5. Plant height 14. Harvest index
6. Days to 50% panicle emergence 15. Threshing percentage
Y p g gp g
7. Days to 50% flowering 16. Tannin

8. Weight per panicle
9. Grain weight per panicle

* %% and *** denote significant at P < 0.05, 0.01 and <0.0001 respectively.

17. Crude protein
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Table 4.41b: Matrix of Simple correlation coefficient between yield, yield components and some growth parameters in 2010 cropping season.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 1.0000
2 0.5926***  1.0000
3 0.9304***  (0.8201*** 1.0000
4 0.7343***  (.5926*** 0.7648***  1.0000
5 0.7509***  0.5900*** 0.7669*** 0.9404*** 1.0000
6 -0.6051%%*%  -0.4639*** -0.6371**%* -0.8209*** -0.9012*** 1.0000
7 -0.6113***  -0.4656**  -0.6647*** -0.8392*** -0.9048*** (.9893*** 1.0000
8 0.4827** 0.4475%** 0.3882**  0.6061*** 0.5038** -0.4137** -0.4160** 1.0000
9 0.3481* 0.3450%* 0.3368* 0.5042**  0.3857** -0.3491* -0.3549*  0.8194*** 1.0000
10 -0.3107* 0.1955 0.3308* 0.4941**  0.4958** -0.4059** -0.4185** 0.1181 0.1447 1.0000
11 0.3368* 0.3368* 0.3204* 0.4944* 0.3726** -0.3328* -0.3377* 0.8239%%** 0.9987*** 0.1464 1.0000
12 0.6667***  (0.5526*** 0.6231*** 0.7186%**  0.7290*** -0.6255%** -0.6527*** 0.4516** (0.2634 0.3413*  0.2542 1.0000
13 0.6821***  (.5721*** 0.6381*** (.7506%**  0.7463*** -0.6419%** -0.6687*** 0.5321*** (0.3713**  0.3461* 0.3627* 0.9935*** 1.0000
14 -0.3245% -0.2320 -0.3046* -0.2876* -0.3949**  0.3616* 0.3664* 0.1937 0.4898** -0.1896 0.4991** -0.6709*** -0.5877*** 1.0000
15 -02008 -0.1416 -0.0761 -0.1166 -0.1544 -0.0604 0.0604 -0.2050 0.3816** 0.0321 0.3746** -0.2899*  -0.2353 0.5208*** 1.0000
16 -0.2012 -0.0848 -0.2472 -0.3054*  -0.3054*  0.2350 0.2160  -0.0758 -0.0737 -0.2869* -0.0830 -0.1396 -0.1443 0.1148 0.0083 1.0000
17 -0.0349 -0.0361 -0.0450 -0.1188 -0.1188 0.0523 0.0580 -0.1763 -0.1773 -0.2558 -0.1696  -0.0406 -0.0590 -0.0939 -0.0006 -0.2186
N. B: 1. Leaf area index 10. 1000 grain weight
2. Leaf number 11. Grain yield
3. Dry matter yield 12. Stover yield
4. Stem girth 13. Total dry matter yield
5. Plant height 14. Harvest index
6. Days to 50% panicle emergence 15. Threshing percentage
7. Days to 50% flowering 16. Tannin
8. Weight per panicle 17. Crude protein
9. Grain weight per panicle

* %% and *** denote significant at P < 0.05, 0.01 and <0.0001 respectively.
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Table 4.41c: Matrix of Simple correlation coefficient between yield, yield components and some growth parameters for the two years combined.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 1.0000
2 0.8383***  1.0000
3 0.9007***  (0.8503*** 1.0000
4 0.6942***  (0.6345%** (.7154**%* 1.0000
5 0.7283***  (.6422%** (.7215%** (0.8794*** 1.0000
6 -0.1118 0.1255 -0.0244 -0.3230** -0.4376***  1.0000
7 -0.3300**  -0.1406 -0.2896%*  -0.5507*** -0.6618*** (0.9271*** 1.0000
8 0.5563***  (0.7213*** 0.6513***  0.5176 0.4655*** (0.3502**  0.0556 1.0000
9 0.5419***  (0.7084*** 0.6448***  (0.5056*** 0.4300*** (.3858*** 0.0895 0.9675*** 1.0000
10 0.4685***  (0.5841*** (0.5696***  (0.5328*** (.5126*** 0.2938**  0.0113 0.6827*** 0.6893*** 1.0000
11 0.5406***  0.7073*** (0.6432%*%*  (0.5047*** (0.4284*** 0.3865*** 0.0914 0.9682*** (0.9999*** (0.6877*** 1.0000
12 0.6474***  (0.7820*** 0.7562***  (0.5957*** 0.6154*** 0.2560* -0.0613 0.8669*** (.8634*** (.7725*** (0.8617*** 1.0000
13 0.6425%**  (.7848*** (.7524%**  (.5924%** (.5972%** (0.2815** -0.0381 0.8993*** (0.9013*** (.7735%** (0.8999***  (0.9967*** 1.0000
14 -0.1141 -0.0087 -0.0918 -0.1019 -0.2697** 0.3560**  0.3461** 0.3189**  (0.3820*** 0.0055 0.3853***  0.0857 -0.0124 1.0000
15 0.2329* 0.4089***  (0.3722%* 0.2564**  0.1758 0.3903*** 0.1746  0.5610%** 0.6979*** (.5640*** 0.6960***  (.5425%*** (.5771**%* 0.4577*** 1.0000
16 -0.4609***  -0.5408***  -0.5499%** -0.4471*** -04672*%** -0.2436* -0.0063 -0.6264*** -0.6497*** -0.6214%** -0.6504*** -0.6468*** -0.6595*** -0.0839  -0.4972%*** 1.0000
17 0.2488 0.1956 0.2962** 0.0605 0.0558 0.1525 0.0585 0.3149** 0.2698**  0.1699 0.2699** 0.2998**  0.3006**  -0.0047 0.1022 -0.2448* 1.0000
N. B: 1. Leaf area index 10. 1000 grain weight
2. Leaf number 11. Grain yield
3. Dry matter yield 12. Stover yield
4. Stem girth 13. Total dry matter yield
5. Plant height 14. Harvest index
6. Days to 50% panicle emergence 15. Threshing percentage
7. Days to 50% flowering 16. Tannin

8. Weight per panicle
9. Grain weight per panicle

17. Crude protein

* %% and *** denote significant at P < 0.05, 0.01 and <0.0001 respectively.
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Leaf area index

Leaf area index (LAI) and other plant indicators was positively and highly significant in 2009,
2010 and the two years combined. However, the relationship between LAI and the yield
components were negative and significantly correlated for days to 50% panicle emergence r = -
0.3991**, -0.6051*** in 2009 and 2010, respectively. Days to 50% flowering was negatively
and highly significant, r = -0.3699**; -0.6113*** and -0.3300** in 2009, 2010 and the two
years combined respectively. In the two years combined results (Table 4.41c), LAI correlated
with weight per panicle (r = 0.5563***), grain weight per panicle (r = 0.5419**%*), 1000 grain
weight (r = 0.4685%**), grain yield (r = 0.5406***), stover yield (r = 0.6474**%*), threshing
percentage (r = 0.2329%*) and total dry matter yield (r = 0.6425***). LAI correlated positively
and highly significantly with grain weight per panicle (r = 0.3122%*, 0.3481%*); grain yield (r =
0.3124*, r = 0.3368%); stover yield (r = 0.4375%*, r = 0.6667***) and total dry matter yield (r
=0.4471%*, r = 0.6821***) in 2009 and 2010 respectively. LAI correlated negatively with HI (r
=-0.3245%*) in 2010. The relationship between LAI and plant height, stem girth, stover yield and
grain yield observed in this study, agreed with the report of Garba (2010) who studied the
response of maize to NSC.

Leaf number

Leaf number was positively and highly correlated with other plant indicators in 2009, 2010 and
the two years combined (Table 4.41a-c). However, it was negatively and significantly correlated
with days to 50% panicle emergence (r = -0.4513**, r = -0.4639***), days to 50% flowering (r
=-0.4254** 1 = -0.4656**) in 2009 and 2010 respectively. The analysis of the combined result
showed that leaf number was positively and highly correlated with stem girth (0.6345***), plant
height (0.6422***), 1000 grain weight (r = 0.5841***) and threshing percentage (r =

0.4089%**).
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Dry matter yield

Dry matter yield was related negatively with days to 50% panicle emergence (r = -0.5205***, r
= -0.6371***) and days to 50% flowering (r = -0.4756**, r = -0.6647***) in 2009 and 2010
respectively, and days to 50% flowering (r = -0.2896**) in the combined. It was negatively
correlated with 1000 grain weight (r = -0.0102); harvest index (r = -0.2008) and threshing
percentage (r = -0.1165) in 2009. The relationship between dry matter yield and stem girth (r =
0.4916**, r = 0.0.7648*** and r = 0.7154***); plant height (r = 0.5562*** r = 0.7669*** and r
= 0.7215*%**) were positively and highly significant in 2009, 2010 and the combined. The
correlation between dry matter yield (DMY) and the yield components were generally
significant, except 1000 grain weight, harvest index and threshing percentage; while days to
50% panicle emergence and flowering were negatively significant in 2009. In 2010, all the
parameters determined significantly correlated with DMY except threshing percentage. The
analysis of the combined data showed that the correlation of dry matter yield with the yield
components were highly significant except days to 50% panicle emergence (r = -0.0244) and
harvest index (r = -0.0918).

Grain yield

Grain yield was positively and highly significantly correlated with stover yield (r = 0.5259%%*%*),
total dry matter yield (r = 0.6481***) and harvest index (r = 0.6024***) in 2009. The
relationship between grain yield and threshing percentage was not significant in the same year.
A similar trend was also observed in 2010, except the stover yield which was not significant (r =
0.2542). The combined analysis was however highly significant for grain yield and stover yield
(r = 0.8617**%*), total dry matter yield (0.8999***) harvest index (0.3853***) and threshing
percentage (r = 0.6960***). Non-significant and negative relationship existed between tannin

concentration and LAI leaf number, weight per panicle, stover yield and harvest index in 2009.
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Grain yield and yield components reflect growing season conditions. Thus, negative and non
significant correlation between 1000 grain weight and grain yield in 2009 probably indicated
late season stress (Krieg and Lascano, 1990). This was also evident from the positive and highly
significant grain weight per panicle which could be an index of plant stress during early growing
season. Also, significant negative correlation between LAI and yield components implied that
favourable conditions early in the growing season promoted tillering and increased LAI at the
expense of grain yields (Bandaru et al., 2006). Richards (2000) reported that crops with greater
leaf area at the beginning of the growing season yield better since they use radiation more

effectively.

In 2010, grain yield was highly correlated with LAI but not with HI indicating that production of
biomass was more important in yield attainment than partitioning of biomass to yield. This
could be inferred from more photosynthetic assimilates in LAI in 2009 which yield more under
potential condition. Such partitioning pattern resulted in higher grain yield due to a higher HI.
Higher HI indicates a better partitioning of dry matter into reproductive organs. LAI also
correlated with leaf number in both years, thus maintaining high green leaf number at the grain
filling period. Borrell et al. (2000a) reported that leaf number is an important determinant of
sorghum plant leaf area, since it sets the initial benchmark of green leaf area per plant. So, if a
sorghum plant can maintain higher number of leaves at the grain filling period and as a
consequent higher photosynthesis, it may yield more. This is especially the case where the
carbohydrate is a main harvest component (Thomas and Smart 1993).This caused longer
photosynthesis period and more contribution of green leaves to the grains. This explanation was
supported by the significant correlation observed in 1000 grain weight. This corroborates the

findings of researchers who emphasized on the important role of stay-green characteristic in
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achieving high grain yield in sorghum (Borrell et al., 2000a and b). Significant correlation of

LAI and plant height implied the key role of appropriate height to reach suitable yield.

From a physiological standpoint, there are two main approaches in order to achieve higher grain
yields; that is, increase in harvest index (HI) and increase in dry matter accumulation (Specht et
al., 1999). Grain yield of sorghum may also be described as a function of dry matter
accumulation and the amount of the dry matter partitioned to the grain. Thus, lower and thicker
height has direct relationship with HI and grain yield. Longer flowering period is an advantage
for sorghum, because it provides the flexibility power for facing inappropriate condition. It
means that plant can decrease the negative effect of stress in early flowering. So, longer
flowering period in sorghum is one of the important characters to reach an appropriate grain
yield. Thus, the negative correlation observed in 2009 for days to 50% flowering and grain yield
implied that flowering period was not high enough for the crop to overcome the negative effect

of stress during the growing period.

4.8 Fertilizer equivalence of neem seed cake

Fertilizer equivalencies; the specific amounts of an organic material that can have the same
effect on crop yield as a certain amount of inorganic fertilizer (Mugendi et al., 2009) was
estimated and presented in Tables 4.42 and 4.43 for 2009 and 2010 trials respectively. The high
FE values of 145.32 and 163.41 obtained at 1 tonnes NSC application level for years 2009 and

2010 respectively, were the highest for both years.
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Table 4.42: Sorghum grain yield (kg ha) and fertilizer equivalencies (kg N ha) at
different levels of neem seed cake during the 2009 cropping season at Samaru.

NSC level Grain yield (kg ha™) FE % FE
1 3144.67 55.95 145.32
2 2461.09 undefined undefined
4 3172.08 57.11 37.08

Table 4.43: Sorghum grain yield (kg ha™) and fertilizer equivalencies (kg N ha) at
different levels of neem seed cake during the 2010 cropping season at Samaru.

NSC level  Grain yield (kg ha™) FE % FE
1 1367.10 87.23 163.41
2 1088.57 51.48 48.22
4 1330.38 83.00 38.87
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However, the higher FE value of 2010, which indicates residual effect of NSC in 2009, implies
that the NSC performed better in terms of increasing sorghum grain yields than an equivalent
amount of mineral fertilizer. This corroborates with other findings of Bationo et al. (2007) and
Mugendi et al. (2009) who reported N equivalency values of above 100% in their studies with
different organic amendments. These high yields from 1 TC treatments could also be inferred as
being due to positive effects of the NSC on soil physical and chemical properties, such as

moisture retention and addition of micronutrients at this incorporation level.

Furthermore, the FE for the NSC soil amendments studied with %N > 2.5 (3.85 in 2009 and
5.34 in 2010 as shown in Table 4.2) were positively correlated (r = 0.73 in 2009 and 0.76 in
2010, P = 0.01) to their N content, showing dependency of FE of this organic material on its N
content. The linear functions indicated that an increase of 0.1% N in NSC could result in about
7% increase in fertilizer value in both years. Critical level of N content of NSC for the transition
for increasing crop yield relative to ON was 236.49 kg ha™ in 2009 and 295.09 kg ha™ in 2010

(Figure 4.4).

In the treatment combinations of neem seed cake and inorganic fertilizer, the 1 TC + %4 RR with
fertilizer equivalency of 35.86 and 79.52 gave highest percent fertilizer equivalency value of
65.80 and 114.62 in 2009 and 2010 years respectively. At this inclusion level of NSC and a
quarter rate of N (16 kg N ha™) in the soil studied, a total of 54.50 and 69.38 kg N ha™
respectively, was applied which together with the residual mineral-N gave a significantly higher
percent fertilizer equivalency value. In years 2009 and 2010, 2 TC + FRR, though had higher
grain yield (3245.43 and 1471.04 kg ha™ respectively) as against 1 TC + % RR (2775.34 and

1301.00 kg ha™ for 2009 and 2010 respectively) the former had less percent equivalencies
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Figure 4.4: The relationship between percent fertilizer equivalencies and N content of
neem seed cake.
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(42.61 and 57.77 respectively) which implied that there was an increase in sorghum grain yield
perhaps, due to luxury consumption. This was also the case for the 4 TC + ¥4 RR and 4 TC +
FRR with grain yields of 3047.64 kg ha™ (% FE = 30.30) and 3141.99 kg ha"' (% FE =25.61) as
presented in Table 4.44 and 4.45 for 2009 and 2010 respectively. The 4 TC + % RR also would
be recommended as a suitable combination because about 102.5 and 117.38 kg N ha™ (= 50% of
¥a NPK plus 1 tonne NSC) was used to produce an additional 154.39 (5.26%) and 223.04

(14.63%) kg ha™ grains in 2009 and 2010 years respectively.

Combining mineral and inorganic inputs result in greater benefits than either input alone through
positive interactions on soil biological, chemical and physical properties (Sanchez, 1994).
Inorganic fertilizer not only improves crop yields but also increases the quantity of available
crop residues useful as livestock feed or organic inputs to the soil (Bationo et al., 2004). In view
of the aforementioned reasons, from the fertilizer equivalency results obtained in the two years
field study, the 1 TC + % RR treatment would be suggested as optimum and suitable
combination of NSC and inorganic fertilizer for sorghum grain production in Alfisols of the

Northern Guinea Savanna of Nigeria.
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Table 4.44: Interaction of NSC and NPK on fertilizer equivalence in 2009

NPK combination Neem seed cake levels (tonnes ha™)
Rates (kg ha™) 0 1 2 4
(2605.45) (3144.67) (2461.09) (3172.08)
0 145.32 Undefined 37.08
38.5 77.0 154.0
(2362.30) (2775.34) (2835.77) (3047.64)
16 - 65.80 41.74 30.30
16.0 54.5 93.0 170.0
(2537.60) (2839.29) (2587.93) (2593.66)
32 - 55.45 Undefined Undefined
32.0 70.5 109.0 186.0
(3346.81) (2929.73) (3245.43) (3141.99)
64 - 44.07 42.61 25.61
64.0 102.5 141.0 218.0

Data in parenthesis at the top is grain yield in kg ha™; data in the middle is fertilizer equivalence value for the treatment
combination and the data at the bottom of each row is the N applied per treatment combination in kg
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Table 4.45: Interaction of NSC and NPK on fertilizer equivalence in 2010

NPK combination Neem seed cake levels (tonnes ha™)
Rates (kg ha™) 0 1 2 4
(850.71) (1367.10) (1088.98) (1330.38)
0 163.41 48.22 38.87
53.38 106.76 213.52
(781.20) (1301.00) (1055.50) (1360.67)
16 - 114.62 37.90 37.69
16.0 69.38 122.76 229.52
(1042.75) (1131.44) (1088.98) (1116.87)
32 - 67.51 37.14 22.64
32.0 85.38 138.76 245.52
(1165.10) (1524.04) (1471.04) (1191.45)
64 - 88.75 57.77 23.71
64.0 117.38 170.76 277.52

Data in parenthesis at the top is grain yield in kg ha™; data in the middle is fertilizer equivalence value for the treatment
combination and the data at the bottom of each row is the N applied per treatment combination in kg

218



4.9  Effect of NSC and CF on sorghum harvest index and nitrogen use efficiency.

4.9.1 Response of NPK treatment on harvest index

Effect of the treatments on sorghum harvest index was not significant in 2009. However in
2010, % RR recorded the highest value (0.1584) which was statistically different from the other
treatments including the control with the least harvest index (0.1244) (Table 4.46) for sole CF

treatment.

4.9.2 Response of NSC treatment on harvest index
In the sole NSC treatments, the control gave the highest harvest index (0.1517) while 2 TC
recorded the least (0.1170). The control was statistically similar with 1 TC while 2 TC and 4 TC

were also the same, although, they differ from the control and 1 TC statistically (Table 4.46).

4.9.3 Response of treatment interaction on harvest index (HI)

1 TC + Y4 RR gave the highest harvest index in the combination of NSC and NPK fertilizer in
2009 and 2010 as well as the two years combined (Table 4.47). This higher HI obtained in this
study at the 1 TC + %4 RR implies the ability of a better partitioning of dry matter into
reproductive organs. Consequently, indicating the significant role of this rate in increasing yield,
net benefit and nutrient use efficiency to merit the extra production cost that may be incurred at

other rates with marginal yield increase.

4.9.4 Response of NSC and NPK treatment on N-use efficiency

The N-use efficiency of neem seed cake and/ or inorganic fertilizer used for the study is
presented in Figures 4.5 and 4.6 for the sixteen different treatments used in this study in 2009
and 2010 years respectively. The regression between N applied in each treatment and N

recovery (%) of the mean of cumulative above ground biomass (kg ha™) gave an r value of
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Table 4.46: Main effects of NSC and CF on sorghum harvest index

Treatment 2009 2010 Combined

NPK kg ha™ (N)

0 0.1536 0.1244b 0.1526a
4 RR 0.1448 0.1584a 0.1470ab
Y5 RR 0.1389 0.1280b 0.1279¢

FRR 0.1466 0.1291b 0.1343bc
SE + 0.0070 0.0084 0.9958

NSC tha™ (S)

0 TC 0.1517 0.1517a 0.1381b
1 TC 0.1527 0.1493a 0.1556a
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2TC 0.1388 0.1170b 0.1334b
4 TC 0.1406 0.1220b 0.1349b
SE + 0.0070 0.0084 0.9958
Interaction (N x S)

N xS NS NS NS

Means followed by the same letter (s) within the same column are not significantly different at P < 0.05
NS= Not significant

TC = ton ha™ NSC

RR=recommended rate

FRR= Full recommended rate
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Table 4.47: Interaction of NSC and CF on sorghum harvest index

Treatment 2009 2010 Combined
Control 0.1487 0.1488 0.1487
Y4 RR 0.1462 0.1189 0.1326
2 RR 0.1451 0.119 0.1321
FRR 0.1669 0.1108 0.1389
1 TC 0.1605 0.179 0.1697
1 TC + % RR 0.1512 0.1854 0.1683
1 TC +% RR 0.141 0.1346 0.1378
1 TC + FRR 0.141 0.1581 0.1496
2TC 0.1414 0.1257 0.1336
2 TC + % RR 0.1568 0.1176 0.1372
2TC +%RR 0.1337 0.1257 0.1297
2 TC + FRR 0.1197 0.1057 0.1127
4 TC 0.1639 0.1533 0.1586
4 TC + % RR 0.1424 0.1517 0.1471
4 TC +% RR 0.1392 0.126 0.1326
4 TC + FRR 0.1378 0.0994 0.1186
SE + 0.006 0.007 0.007

TC = ton ha” NSC
RR = recommended rate
FRR = full recommended rate
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Figure 4.5: Relationship between N applied and N recovery by sorghum in 2009

y =-0.0132x + 4.9535
71 R?=0.1018

N recovery (%)

50 100 150 200

-1

N applied (kg/ha)

Figure 4.6: Relationship between N applied and N recovery by sorghum in 2010
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0.3496 and 0.3191 respectively. Although, theses values were low, they conform to earlier
submissions that N-use efficiency of organic amendments (manures) are low (Vanlauwe and
Sanginga, 1995: Cadisch and Giller, 1997; Okalebo et al., 2002). The crop availability of N in
NSC alone or in combination with NPK fertilizer was generally lower than N from optimum
recommended fertilizer rate. This could be attributed to the slow release of organically bound-N,
part of which became available at a later stage that may not synchronize with time of actual
demand. However, the non-decomposed fraction has additional benefits to the soil (Okalebo et

al., 2002).

4.10 Derivations from the field experiment

The following observations were drawn from the field experiment:

o Highest growth parameters — leaf number (12), dry matter yield (57.56 g plant™), LAI
(4.11), stem girth (2.77), and plant height (135.52 cm) were obtained from the combination of
NSC and NPK fertilizer at the 4 TC + FRR for the two years combined;

J Highest yield parameters — grain yield (2321.56 kg ha™) and stover yield (15277.76 kg
ha™)- were obtained from the combination of 2 TC + FRR and 4 TC + FRR respectively;

. From the factor analysis, the dominant factor in assessing soil quality varied with N
concentration. Soil pH and EA were the most discriminating factor in FC 2 which influenced
biomass yield and return of biomass to the soil (nutrient availability). Also, the production of
carbonates of Ca and Mg evident from the positive loading of Ca and Mg in FC 5,
simultaneously with certain free organic acids formed tend to make the environment alkaline
aside modification of acidity of the environment by plant themselves;

J The nutritional status of sorghum was enhanced with the combined use of NSC and

NPK fertilizer at 4 TC + ¥4 RR for crude protein (8.87%) while highest tannin content of 0.81
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mg kg was recorded at the 1 TC level. Consequently, the grain be classified as containing
moderate tannin content;

J From the fertilizer equivalence study of NSC, 1 TC + % RR complementary use of NSC
and NPK fertilizer with fertilizer equivalence of 35.86 and 79.52 gave highest percent fertilizer
equivalency value of 65.80 and 114.62 in 2009 and 2010 years respectively;

o The highest harvest index (0.1683) was obtained from the combination of NSC and CF
at 1 TC + % RR, signifying the ability of the combination of both inputs at this rate in

enhancement of partitioning of dry matter into reproductive organs.
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CHAPTER FIVE
SUMMARY AND CONCLUSION
The objective of this study was to assess the nutrient potential of neem seed cake (NSC) in
improving growth and nutrition of sorghum in an Alfisol of the Nigerian Savanna. The NSC was
sourced from the National Research Institute for Chemical Technology (NARICT), Basawa-
Zaria and characterized for its chemical contents. Results obtained showed high organic carbon
content from the cake as well as substantial amounts of nitrogen and phosphorus. C: N ratio of
the residues was also found to be low indicating its high potential for improving fertility and
productivity of soil through its rapid decomposition hence, organic matter accumulation and
nutrient released on application to the soil. In the first phase of the study, NSC was evaluated in
the greenhouse to assess its immediate nutrient contribution to sorghum growth. The treatment
consisted of four rates of NSC and inorganic fertilizer. Results from this evaluation show that
NSC had high nutrient contents, good residue quality and promoted sorghum growth in the
greenhouse. Also, sorghum dry matter yield (DMY), plant height and leaf area generally
increased with increase in the rate of NPK applied. Best results were however obtained when

NSC was complemented with NPK at the 4 t NSC ha™ + FRR.

In the second phase study, an experiment was set up to determine rate of N mineralization in the
laboratory. Cumulative N mineralized showed initial rapid release rate in the first twenty-one
(21) days followed by slower release with time. 50% of total N applied as NSC was mineralized
at 98 days. NH; -N fraction exceeded NO; - N fraction in the soil, accounting for 92% of the N
mineralized from the NSC. N mineralization pattern from NSC was best described by a
consecutive (h=k) model. In the field, cumulative N mineralized with time showed initial rapid
release rate in the first six (6) weeks after incubation followed by slower release in both years.

Data for net N mineralized by NSC observed from 0 - 83 days displayed the best fit with
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Gompertz function. The goodness-of-fit statistics showed that estimated potentially mineralized

N values was 67.26 mg kg™ for the consecutive model (h=k).

In the third phase of the study, the same treatment combinations in phase 1 were employed for
litterbag technique decomposition. Asymptotic negative exponential model predicted the
decomposition rate of the residue to be relatively higher in the first pool, indicative of insoluble,
non-structural carbohydrates and low C: N compounds. Thus, depicting that incorporated NSC
was removed in the soil system rapidly with 70% lost in within twenty-eight days. Incorporation
of NSC for two weeks before sowing would synchronize with period of high nutrient demand.
Generally, decomposition of NSC was faster where NPK was applied and decreased with

increasing NPK rates.

The fourth phase study involved a two-year field evaluation of NSC. This was applied alone and
in combination with %, 2 and optimum NPK recommended rate for sorghum in the Northern
Guinea Savanna of Nigeria. The absolute control and optimum NPK rate served as checks.
Application of NSC alone increased both grain and stover yields over that of the absolute
control. Both grain and stover yields increased as the rate of NPK increased. Relative yields of
treatments with NSC without CF and low CF rates were higher at the end of the study.
Complementary use of the organic amendments with NPK generally increased grain and stover
yields above that of NSC alone. The treatment significantly (P < 0.05) increased dry matter yield
and number of leaves; with the highest values recorded in plots with 4 TC + FRR in both years.
Similarly, sole application of NSC significantly (P < 0.05) improved sorghum contents of total
N, P and K over the control. Application of sole NPK had no significant effect on nitrogen

concentration in sorghum tissue in 2009. However, significant difference (P < 0.05) was
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obtained in 2010 with 2 RR recording the highest N concentration. NSC also interacted

positively with NPK fertilizer to affect sorghum plant mineral composition.

The nutritional status of sorghum was not significantly different with treatments in both years.
There was significant difference (P < 0.05) in the crude protein content of sorghum grains in the
sole NSC plots in both years. However, in the sole CF treatments, significant (P < 0.05)
difference was obtained in 2009 with FRR recording the highest (9.17%) crude protein content
and the least (7.45%) from the control. In 2010, there was no significant difference (P < 0.05) in
both crude protein and tannin contents of the sorghum grains. Also, interaction effect was not
significant. But, the highest crude protein content was recorded from the combination of 1 TC
and %4 RR (10 .00%) in 2009 and the control (8.44%) in 2010 while the highest tannin
concentration (0.56 mg kg™) in 2009 was obtained from % RR and 1.22 mg kg™ from 1 TC in

2010.

The following conclusions were drawn based on the results obtained in this study:

e Based on the nutrient content of neem seed cake, the organic material was classified as
high quality resource materials.

e The study shows that combined applications of neem seed cake and inorganic fertilizers
led to higher values of OC (8.02 g kg™") with 4 TC + FRR; available P (17.21 mg kg™)
with 4 TC + % RR; while sole NSC application at 4 TC gave the highest N content of
0.76 g kg soil nutrients.

e Insole NSC treatments, exchangeable acidity decreased with increasing levels with the 1
TC recording the highest value.

e Sole NSC resulted in reduction in soil pH following first application.
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The rate of decomposition of neem seed cake followed a two pool, first order, three

parameters Asymptotic negative exponential model (Y = X e™*"

+ XRr) with the relative
rate of decomposition for the labile pool (ki) of 0.05 for the control, % and 2 NPK and
0.03 for full recommended r ate. Consequently, combination of NSC with lower NPK
rates (Y4 RR) would be ideal for optimum economic yield goals.

The mineralization pattern of neem seed cake was best described by the Gompertz model
with a rate of 0.095 which implied that 50% of the N content of NSC would be released
in the available form (ammonium-nitrogen) for plant use in a week.

The laboratory incubation experiment demonstrated the unreliable index of field rates of
laboratory measures of mineralization evident from the relatively high chi-square value
obtained for the asymptotic negative exponential model inspite of the corresponding R*
and RMSE values.

The pot experiment demonstrated that adequate nutrient required for early crop growth
can be supplied from combined applications of organic and inorganic fertilizer nutrients,
thus: 1 TC + % RR (9.91 g kg OC); 1 TC + % RR (12.83 mg kg P); while sole
application of NSC at 2 TC gave the highest N content of 1.23 g kg

Field application of neem seed cake was observed to increase sorghum grain yield. Grain
yield fertilizer equivalencies were seen to vary with the addition of inorganic fertilizer.
Based on agronomic yield goals, the 1 TC + %4 RR treatment would be suggested as the
optimum and suitable combination of NSC and inorganic fertilizer for sorghum
production in Alfisols of the Northern Guinea Savanna of Nigeria

The study demonstrated that in low input systems, application of neem seed cake could
reduce the inorganic fertilizer by a quarter of the recommended rate of 64-32-32 for

sorghum in this region. The results also show that under intensive systems a combination
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-1 . . . e
of 4 tonnes neem seed cake ha” and recommended optimum inorganic fertilizer rate of

64-32-32 could sustain the required high yields.

The importance of complementary use of NSC and NPK fertilizer in improving soil fertility
status and sustainable sorghum production was demonstrated clearly in the increased grain yield
recorded across the two years. Results of the study showed that decomposition rate was 0.095
which amounted to two weeks of 50% mass loss, thus, two weeks of incorporation being
adequate with period of optimum nutrient uptake by sorghum. Also, mineration was rapid with
50% of the N in NH;'-N form being released within one week thereby preventing N loss
through leaching or volatilization of NOs™-N. Sole use of NSC at 1 t ha™ increased tannin
content to the moderate class, which might reduce the nutritive value of the grain. However,
complementary use of NSC and NPK fertilizer did not affect the tannin and crude protein
content adversely. Similarly, results of the fertilizer equivalence, nutrient use efficiency and
harvest index showed that complementary use of 2 and 4 t NSC ha with %, ' and full NPK
rates obviously added to the cost of production, but did not add significantly to output. This is
evidenced by the fact that the main effect of increasing treatment levels from 1 to 2 or 4 t NSC
ha™ did not result in corresponding increase in grain yield, and inturn economic benefits or
nutrient use efficiency to merit the extra cost that may be incurred. Thus, maximum economic
grain yields for sorghum would be expected to occur with complementary use of 1 TC + %4 RR.
Hence, complementary use of 1t NSC ha™ plus ¥ recommended NPK rate for sorghum in the
Northern Guinea Savanna of Nigeria will be the suitable combination for optimum growth and

yield of sorghum.

However, an integrated approach involving liming, management practices, and plant tolerance

would be pertinent. These include using less acidifying fertilizers, improving nutrient use
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efficiency, reducing nutrient leaching losses, and reducing product removal. Also, the relatively
high loading for soil acidifying properties which included pH, EA and available P which
explained 16% of the total variance in the second component (communality estimates varied
between 0.61 and 0.82) with the incorporation of NSC could be studied in the future for
possibility of exploitation in the solubilization of P from rock phosphate in field studies thereby

enhancing maximum and timely utilization by plants.
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APPENDIX 3

TWO-WAY ANOVA FOR THE GREENHOUSE GROWTH PARAMETERS OF SORGHUM

Variables Source Degree of Sum of squares Mean square F - value Pr>F
freedom
Leaf number Replicate 2 0.1155 0.0577 0.33 0.7249
NPK 3 0.4479 0.1493 0.84 0.4821
NSC 3 0.3889 0.1296 0.73 0.5420
NPK*NSC 9 3.3067 0.3674 2.07 0.0655
Error 30 5.3244 0.1775
TOTAL 47 9.5834
Plant height Replicate 2 176.5590 88.2795 4.33 0.0222*
NPK 3 22.2570 7.4190 0.36 0.7794
NSC 3 35.5723 11.8574 0.58 0.6315
NPK*NSC 9 335.4438 37.2715 1.83 0.1039
Error 30 611.3824 20.3794
TOTAL 47 1811.2145
Stem girth Replicate 2 0.0142 0.0071 0.27 0.7670
NPK 3 0.0894 0.0298 1.12 0.3547
NSC 3 0.1059 0.0353 1.33 0.2822
NPK*NSC 9 0.1611 0.0179 0.68 0.7242
Error 30 0.7944 0.0265
TOTAL 47 1.1649
Dry matter Replicate 2 3.5762 1.7881 0.50 0.6093
yield at eight NPK 3 17.2768 5.7589 1.62 0.2049
weeks NSC 3 7.9839 2.6613 0.75 0.5310
NPK*NSC 9 57.6888 6.4099 1.81 0.1085
Error 30 106.4760 3.5492
TOTAL 47 193.0017

LEGEND: * Significant at 0.05 level of probability

cclxxiv



APPENDIX 4

TWO-WAY ANOVA FOR GREENHOUSE NUTRIENT UPTAKE

Degree of
Variables source freedom sum of squares mean square F-value Pr>F
Total nitrogen Replicate 2 21.6586 10.8293 3.31 0.0504
NPK 3 5.3594 1.7865 0.55 0.6551
NSC 3 14.7095 4.9032 1.5 0.2355
NPK*NSC 9 37.4056 4.1562 1.27 0.2938
Error 30 98.2895 3.2763
Total 47 177.4226
Total phosphorus Replicate 2 0.4457 0.2229 6.07 0.0061**
NPK 3 0.234 0.078 2.13 0.1178
NSC 3 0.164 0.0547 1.49 0.2372
NPK*NSC 9 0.5815 0.0646 1.76 0.1182
Error 30 1.1006 0.0367
Total 47 2.5258
Total potassium Replicate 2 709.1567 354.5784 2.93 0.0690
NPK 3 744.4074 248.1358 2.05 0.1282
NSC 3 138.2537 46.0846 0.38 0.7678
NPK*NSC 9 899.5213 99.9468 0.83 0.5983
Error 30 3633.791 121.1264
Total 47 6125.131

LEGEND: ** Significant at 0.01 level of probability
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TWO-WAY ANOVA FOR GREENHOUSE SOIL PROPERTIES AFTER CROPPING

APPENDIX 5

Degree of
Variables Sources freedom Sum of square Mean square F-value Pr>F
PHuwater Replicate 2 0.007 0.0035 0.56 0.5782
NPK 3 0.1377 0.0459 7.37 0.0008**
NSC 3 0.9674 0.3225 51.74 <0.00071 ***
NPK*NSC 9 0.1165 0.0129 2.08 0.0646
Error 30 0.187 0.0062
Total 47 1.4155
pHcacn Replicate 2 0.0013 0.0006 0.08 0.9204
NPK 3 0.0308 0.0103 1.37 0.2715
NSC 3 0.2208 0.0736 9.8 0.0001**
NPK*NSC 9 0.1942 0.0216 2.87 0.0143*
Error 30 0.2254 0.0075
Total 47 0.6725
Exchangeable
Acidity Replicate 2 0.0079 0.004 1.65 0.2095
NPK 3 0.0225 0.0075 3.12 0.0406*
NSC 3 0.0292 0.0097 4.05 0.0158*
NPK*NSC 9 0.0475 0.0053 2.2 0.0514
Error 30 0.0721 0.0024
Total 47 0.1792
Organic carbon Replicate 2 0.1575 0.0787 1.86 0.173
NPK 3 0.0893 0.0298 0.7 0.5573
NSC 3 0.1483 0.0494 1.17 0.3381
NPK*NSC 9 0.1266 0.0141 0.33 0.9571
Error 30 1.2692 0.0423
Total 47 1.7909
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APPENDIX 5 (CONTD.)

Degree of
Variables Sources freedom Sum of square Mean square F-value Pr>F
Exchangeable
calcium Replicate 2 2.1217 1.0608 1.06 0.3577
NPK 3 2.5 0.8333 0.84 0.4848
NSC 3 12.82 4.2733 4.29 0.0124*
NPK*NSC 9 4.84 0.5378 0.54 0.8339
Error 30 29.905 0.9968
Total 47 52.1867
Exchangeable
magnesium Replicate 2 0.0002 0.0001 0.02 0.9839
NPK 3 0.003 0.001 0.19 0.9023
NSC 3 0.0247 0.0082 1.58 0.2159
NPK*NSC 9 0.0645 0.0072 1.37 0.246
Error 30 0.1571 0.0052
Total 47 0.2494
Exchangeable
potassium Replicate 2 0.1438 0.0719 24.99 <0.00071 ***
NPK 3 0.0217 0.0072 2.51 0.0774
NSC 3 0.0204 0.0068 2.37 0.0907
NPK*NSC 9 0.0385 0.0043 1.49 0.1974
Error 30 0.0863 0.0029
Total 47 0.3108
Exchangeable
sodium Replicate 2 0.1611 0.0805 10.22 0.0007**
NPK 3 0.0024 0.0008 0.1 0.9584
NSC 3 0.0313 0.0104 1.32 0.2857
NPK*NSC 9 0.0471 0.0052 0.66 0.7338
Error 30 0.2365 0.0079
Total 47 0.4784
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APPENDIX 5 (CONTD.)

Degree of
Variables Sources freedom Sum of square Mean square F-value Pr>F
Available
phosphorus Replicate 2 3.4453 1.7227 0.33 0.7203
NPK 3 10.9102 3.6367 0.7 0.5593
NSC 3 36.9414 12.3138 2.37 0.0902
NPK*NSC 9 25.0742 2.786 0.54 0.8362
Error 30 155.8047 5.1935
Total 47 232.1758
Total Kjeldahl
Nitrogen Replicate 2 0.024 0.012 0.43 0.6527
NPK 3 0.4252 0.1417 5.12 0.0056**
NSC 3 0.4818 0.1606 5.8 0.0030%**
NPK*NSC 9 0.3512 0.039 1.41 0.2278
Error 30 0.8302 0.0277
Total 47 2.1123

LEGEND: * Significant at 0.05 level of probability

** Significant at 0.01 level of probability
*** Significant at <0.0001 level of probability
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APPENDIX 6

TWO-WAY ANOVA FOR 2009 AND 2010 GROWTH PARAMETERS OF SORGHUM AT SAMARU, ZARIA

2009 2010
variables Source Degree of | Sum of Mean F-value |Pr>F Sum of Mean F-value |Pr>F
freedom squares square squares square

Leaf Replicate 2 0.6913 0.3457 0.86 0.4333 3.5660 1.7830 2.05 0.1465

number NPK 3 3.5999 1.2000 2.99 0.0468* 10.4925 3.4975 4.02 0.0162%*
NSC 3 5.2734 1.7578 4.37 0.0114** | 11.3675 3.7892 4.36 0.0116%*
NPK*NSC | 9 3.5480 0.3942 0.98 0.4753 3.8293 0.4255 0.49 0.8703
Error 30 12.0570 0.4019 26.1007 0.8700
TOTAL 47 25.1696 55.3559

Dry matter | Replicate 2 69.28 34.6381 0.46 0.6365 57.5184 28.7592 0.48 0.6245

yield NPK 3 836.70 278.9007 | 3.69 0.0225%* 1261.5497 | 420.5166 | 6.99 0.0011%*
NSC 3 648.79 216.2645 | 2.86 0.0532 2179.0036 | 726.3345 | 12.08 <0.0001%**
NPK*NSC | 9 773.40 85.9330 1.14 0.3682 293.0698 32.5633 0.54 0.8324
Error 30 2265.88 75.5296 1803.8656 | 60.1289
TOTAL 47 4594.05 5595.0072

Leafarea | Replicate 2 0.5067 0.2534 0.71 0.4989 1.3961 0.6980 3.02 0.0640

index NPK 3 1.4061 0.4687 1.32 0.2873 6.4761 2.1587 9.33 0.0002%*
NSC 3 1.7762 0.5921 1.66 0.1959 8.1219 2.7073 11.70 <0.0001%**
NPK*NSC | 9 1.7835 0.1982 0.56 0.8209 1.0860 0.1207 0.52 0.8472
Error 30 10.6800 0.3560 6.9410 0.2314
TOTAL 47 16.1525 24.0210

Stem girth | Replicate 2 0.0802 0.0401 0.61 0.5493 0.1770 0.0885 3.15 0.0571
NPK 3 0.2135 0.0712 1.09 0.3703 1.3451 0.4484 15.98 <0.0001%**
NSC 3 0.2004 0.0668 1.02 0.3981 2.2161 0.7387 26.33 <0.0001%**
NPK*NSC | 9 0.3515 0.0391 0.60 0.7902 0.0929 0.0103 0.37 0.9414
Error 30 1.9668 0.0656 0.8416 0.0281
TOTAL 47 2.8124 4.6728

Plant Replicate 56.7926 28.3963 0.31 0.7334 589.4580 294.7290 | 4.10 0.0267

height NPK 816.2106 | 272.0702 | 3.00 0.0460* 3302.2154 | 1100.7385 | 15.31 <0.0001%**
NSC 605.4878 | 201.8293 | 2.23 0.1055 4064.1740 | 1354.7247 | 18.84 <0.0001%**
NPK*NSC 354.5415 | 39.3935 0.43 0.0954 350.0564 38.8952 0.54 0.8328
Error 2718.98 90.6326 2156.8977 | 71.8966
TOTAL 4552.01 10462.8015
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APPENDIX 6 (continued)

TWO-WAY ANOVA FOR THE TWO YEARS COMBINED GROWTH PARAMETERS OF SORGHUM AT SAMARU, ZARIA

variables source Degree of Sum of squares Mean square F - value Pr>F R” =0.2047
freedom Cv=1123

Leaf number Replicate 2 1.4069 0.7035 0.44 0.6440 SE+ =
NPK 3 11.8661 3.9554 2.49 0.0666 RMSE = 1.2609
NSC 3 14.9301 4.9767 3.13 0.0303* p=11.23
NPK*NSC 9 3.7090 0.4121 0.26 0.9834
Error 78 124.0004 1.5897
TOTAL 95 155.9125

Dry matter yield | Replicate 2 91.4233 45.7117 0.33 0.7234 R”=0.3295
NPK 3 2800.6939 933.5646 6.64 0.0005%** CV =26.55
NSC 3 1784.3446 594.7815 4.23 0.0080%** SE+ =
NPK*NSC 9 713.5933 79.2881 0.56 0.8225 RMSE =11.8582
Error 78 10968.0556 140.6161 n =44.66
TOTAL 95 16358.1108

Leaf area index Replicate 2 0.1994 0.0997 0.22 0.8051 R =0.3143
NPK 3 7.8925 2.6308 5.74 0.0013** CV =20.43
NSC 3 7.2837 2.4279 5.30 0.0022* SE+ =
NPK*NSC 9 1.0164 0.1129 0.25 0.9862 RMSE =0.6771
Error 78 35.7602 0.4585 p =331
TOTAL 95 52.1521

Stem girth Replicate 2 0.2383 0.1192 1.79 0.1742 R*=0.4157
NPK 3 1.9026 0.6342 9.51 <0.0001*** CV =10.57
NSC 3 1.2919 0.4306 6.46 0.0006** SE+ =
NPK*NSC 9 0.2671 0.0297 0.45 0.9061 RMSE = 0.2582
Error 78 5.1998 0.0667 p=244
TOTAL 95 8.8997

Plant height Replicate 2 422.0595 211.0297 1.86 0.1629 R* = 0.4859
NPK 3 4233.5517 1411.1839 12.42 <0.0001*** CV =28.9591
NSC 3 3330.7197 1110.2399 9.77 <0.0001*** SE+=
NPK*NSC 9 390.2503 43.3611 0.38 0.9406 RMSE = 10.6596
Error 78 8862.8816 113.6267 p=118.98
TOTAL 95 17239.4627

celxxx




APPENDIX 7

TWO-WAY ANOVA FOR 2009 AND 2010 YIELD AND NUTRITION PERFORMANCE OF SORGHUM AT SAMARU, ZARIA

2009 2010
variables source Degree of | Sum of Mean square | F —value | Pr>F Sum of Mean F-value | Pr>F
freedom squares squares square

Grain Replicate 2 1087110.96 543555.48 1.30 0.2871 65973.65 32986.83 0.70 0.5028

yield NPK 3 1837103.09 612367.70 1.47 0.2436 913041.31 304347.10 | 6.49 0.0016*
NSC 3 573524.29 191174.76 0.46 0.7139 427893.90 142631.30 | 3.04 0.0441*
NPK*NSC | 9 1822872.55 202541.39 0.48 0.8731 558395.00 62043.92 1.32 0.2666
Error 30 12531714.46 | 417723.82 1406594.92 | 46886.50
TOTAL 47 17852325.35 3371899.04

Stover Replicate 2 13570610.30 | 6785305.15 | 0.74 0.4848 11335334.4 | 5667667.2 | 2.07 0.1443

yield NPK 3 59765529.86 | 19921843.29 | 2.18 0.1113 19603583.2 | 6534527.7 | 2.38 0.0891
NSC 3 74001647.92 | 24667215.97 | 2.70 0.0635 103168323.3 | 34389441.1 | 12.54 <0.0001%**
NPK*NSC | 9 33810743.75 | 3756749.31 | 0.41 0.9193 9620929.7 1068992.2 | 0.39 0.9306
Error 30 274392126.70 | 914604.20 82298898.0 | 2743296.6
TOTAL 47 455540658.50 226027068.6

Tannin Replicate 2 0.0090 0.0045 0.26 0.7753 0.0116 0.0058 0.06 0.9452
NPK 3 0.0186 0.0062 0.35 0.7872 0.4071 0.1357 1.32 0.2857
NSC 3 0.0472 0.0157 0.90 0.4544 0.2834 0.0945 0.92 0.4430
NPK*NSC | 9 0.0759 0.0084 0.48 0.8765 1.1336 0.1260 1.23 0.3161
Error 30 0.5269 0.0176 3.0803 0.1027
TOTAL 47 0.6776 49159

Crude Replicate 2 43.1773 21.5886 7.44 0.0024* 0.6985 0.3492 0.34 0.7167

protein NPK 3 18.9804 6.3268 2.18 0.1108 0.5759 0.1920 0.19 0.9056
NSC 3 7.3302 2.4434 0.84 0.4814 0.6663 0.2221 0.21 0.8857
NPK*NSC | 9 10.3107 1.1456 0.40 0.9278 5.0699 0.5633 0.54 0.8310
Error 30 87.0006 31.0995 1.0367
TOTAL 47 166.7988 38.1101
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APPENDIX 7 (continued)

TWO-WAY ANOVA FOR THE TWO YEARS COMBINED YIELD AND NUTRITION PERFORMANCE OF SORGHUM AT SAMARU, ZARIA

variables source Degree of Sum of squares Mean square F - value Pr>F R”=0.0640
freedom CV=51.09

Grain yield Replicate 2 594182.945 297091.473 0.28 0.7564 SE+ =
NPK 3 2009921.726 669973.909 0.63 0.5966 RMSE =1029.71
NSC 3 1355445.438 451815.146 0.43 0.7348 pu=2015.43
NPK*NSC 9 1694567.928 188285.325 0.18 0.9959
Error 78 82704139.28 1060309.48
TOTAL 95 88358257.32

Stover yield Replicate 2 1985683.6 992841.8 0.03 0.9672 R*=0.0993
NPK 3 153963951.5 51321317.2 1.72 0.1689 CV=44.20
NSC 3 84085581.7 28028527.2 0.94 0.4248 SE+ =
NPK*NSC 9 15856503.2 1761833.7 0.06 1.0000 RMSE = 5456.09
Error 78 2321972333 29768876 p=12343.75
TOTAL 95 2577864053

Tannin Replicate 2 0.0122 0.0061 0.05%* 0.9514 R*=0.1048
NPK 3 0.2206 0.0735 0.60 0.6176 CV =55.98
NSC 3 0.3096 0.1032 0.84 0.4757 SE+ =
NPK*NSC 9 0.5781 0.06423 0.52 0.8535 RMSE = 0.3504
Error 78 9.5753 0.1228 p=0.6259
TOTAL 95 10.6958

Crude protein Replicate 2 18.7491 9.3745 4.09 0.0205* R*=0.1880
NPK 3 9.1223 3.0408 1.33 0.2721 CV=18.89
NSC 3 3.6299 1.2100 0.53 0.6647 SE+ =
NPK*NSC 9 9.9157 1.1017 0.48 0.8837 RMSE = 1.5146
Error 78 178.9291 2.2940 pn=2_8.0175
TOTAL 95 220.3462
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APPENDIX 8

TWO-WAY ANOVA FOR 2009 AND 2010 YIELD PARAMETERS OF SORGHUM AT SAMARU, ZARIA

2009 2010
variables source Degree of | Sum of Mean F-value |Pr>F Sum of Mean F-value |Pr>F
freedom squares square squares square
Days to Replicate 2 3.2917 1.6458 1.30 0.2880 68.1667 34.0833 7.96 0.0017*
50% NPK 3 20.2292 6.7431 5.32 0.0046* 91.2292 30.4097 7.10 0.0010%*
panicle NSC 3 15.7292 5.2431 4.13 0.0144%* 153.5625 51.1875 11.95 <0.0001%**
emergence | NPK*NSC | 9 15.6875 1.7431 1.37 0.2431 43.5208 4.8356 1.13 0.3737
Error 30 38.0417 1.2681 128.5000 4.2833
TOTAL 47 92.9792 484.9792
Days to Replicate 2 5.1667 2.5833 2.10 0.1396 87.1667 43.5833 9.11 0.0008%**
50% NPK 3 19.3958 6.4653 5.27 0.0049** | 104.7292 34.9097 7.30 0.0008%**
flowering | NSC 3 16.7292 5.5764 4.54 0.0097** | 229.0625 76.3542 15.96 <0.0001%**
NPK*NSC | 9 15.3542 1.7060 1.39 0.2366 54.5208 6.0579 1.27 0.2949
Error 30 36.8333 1.2278 143.5000 4.7833
TOTAL 47 93.4792 618.9792
Weight Replicate 2 0.0005 0.0002 1.13 0.3351 2.279x10” | 1.140x10” | 0.32 0.7038
per NPK 3 0.0013 0.0004 2.09 0.1223 5.242x10* | 1.747x10™ | 4.86 0.0071%*
panicle NSC 3 0.0003 0.0001 0.52 0.6718 8.726x10™* | 2.909x10* | 8.09 0.0004%**
NPK*NSC | 9 0.0010 0.0001 0.54 0.8341 5.479x10" | 6.087x107 | 1.69 0.1345
Error 30 0.0064 0.0002 0.0011 3.595x107
TOTAL 47 0.0095 0.0030
Grain Replicate 2 0.0004 0.0002 1.27 0.2966 2.529x10° | 1.265x10” | 0.78 0.4682
weight per | NPK 3 0.0006 0.0002 1.40 0.2624 3.208x10* | 1.069x10™ | 6.58 0.0015%*
panicle NSC 3 0.0002 0.0001 0.46 0.7145 1.512x10-* | 5.039x107 | 3.10 0.0414%*
NPK*NSC | 9 0.0006 0.0001 0.46 0.8864 2.020x10% | 2.244x10° | 1.38 0.2400
Error 30 0.0045 4.874x10" | 1.625x107
TOTAL 47 0.0063 0.0012
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APPENDIX 8 (continued)

TWO-WAY ANOVA FOR THE TWO YEARS COMBINED YIELD PARAMETERS OF SORGHUM AT SAMARU, ZARIA

variables source Degree of Sum of squares Mean square F - value Pr>F R*=0.3745
freedom CV =2.4963

Days to 50% Replicate 2 49.5208 24.7604 3.63 0.0312%* SE+=

panicle NPK 3 135.6667 45.2222 6.62 0.0005** RMSE =2.6128

emergence NSC 3 90.8333 30.2778 4.44 0.0062%* p = 104.67
NPK*NSC 9 42.8333 4.7593 0.70 0.7095
Error 78 532.4792 6.8267
TOTAL 95 851.3333

Days to 50% Replicate 2 64.3333 32.1667 6.91 0.0017* R*=0.5210

flowering NPK 3 182.2500 60.7500 13.05 <0.00071*** CV =1.9845
NSC 3 102.3333 34.1111 7.33 0.0002** SE+ =
NPK*NSC 9 45.9167 5.1019 1.10 0.3754 RMSE =2.1573
Error 78 363.0000 4.6538 p=108.71
TOTAL 95 757.8333

Weight per Replicate 2 0.0002 0.0001 0.14 0.8692 R*=0.0911

panicle NPK 3 0.0021 0.0007 1.32 0.2735 CV=41.52
NSC 3 0.0007 0.0002 0.46 0.7136 SE+ =
NPK*NSC 9 0.0012 0.0001 0.25 0.9864 RMSE =0.0232
Error 78 0.0419 0.0005 p=0.0558
TOTAL 95 0.0461

Grain weight per | Replicate 2 0.0002 0.0001 0.29 0.7507 R”=0.0631

panicle NPK 3 0.0007 0.0002 0.61 0.6119 CV=51.29
NSC 3 0.0005 0.0002 0.42 0.7368 SE+ =
NPK*NSC 9 0.0006 0.0001 0.18 0.9960 RMSE =0.0195
Error 78 0.0297 0.0004 p=0.0380
TOTAL 95 0.0317
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APPENDIX 8 (continued)

TWO-WAY ANOVA FOR 2009 AND 2010 YIELD PARAMETERS OF SORGHUM AT SAMARU, ZARIA

2009 2010
variables source Degree of | Sum of Mean square | F —value | Pr>F Sum of Mean F-value | Pr>F
freedom squares squares square
One Replicate 2 7.5254 3.7627 1.05 0.3611 17.8079 8.9040 2.36 0.1114
thousand | NPK 3 14.9308 4.9769 1.39 0.2638 20.5823 6.8608 1.82 0.1647
seed NSC 3 1.8717 0.6239 0.17 0.9126 49.6223 16.5408 4.39 0.0112%*
weight NPK*NSC | 9 18.6294 2.0699 0.58 0.8029 24.7902 2.7545 0.73 0.6775
Error 30 107.1121 3.5704 113.0521 3.7684
TOTAL 47 150.0694 225.8548
Biomass Replicate 2 18671481.92 | 9335740.96 | 0.80 0.4576 9677619.1 4838809.5 | 1.66 0.2071
yield NPK 3 77381117.05 | 25793705.68 | 2.22 0.1066 23287103.1 | 7762367.7 | 2.66 0.0658
NSC 3 82701748.73 | 27567249.58 | 2.37 0.0904 112813566.2 | 37604522.1 | 12.90 <0.0001%**
NPK*NSC | 9 40471133.17 | 4496792.57 | 0.39 0.9323 10228262.3 | 1136473.6 | 0.39 0.9305
Error 30 349025607.70 | 11634186.90 87428493.0 | 2914283.1
TOTAL 47 568251088.60 243435043.7
Harvest Replicate 2 0.0013 0.0006 1.10 0.3470 0.0043 0.0022 2.53 0.0965
index NPK 3 0.0013 0.0004 0.76 0.5276 0.0089 0.0030 3.48 0.0279*
NSC 3 0.0019 0.0006 1.08 0.3707 0.0117 0.0039 4.56 0.0096**
NPK*NSC | 9 0.0032 0.0004 0.62 0.7741 0.0081 0.0009 1.06 0.4211
Error 30 0.0175 0.0006 0.0257 0.0009
TOTAL 47 0.0252 0.0588
Threshing | Replicate 2 16.7929 8.3965 0.67 0.5204 289.69 144.8430 2.53 0.0963
percentage | NPK 3 168.3398 56.1133 4.46 0.0105%* 384.59 128.1982 2.24 0.1038
NSC 3 36.0391 12.0130 0.96 0.4266 189.61 63.2034 1.11 0.3624
NPK*NSC | 9 103.9213 11.5468 0.92 0.5232 287.44 31.9378 0.56 0.8195
Error 30 377.3134 12.5771 1715.61 57.1869
TOTAL 47 702.4065 2866.94
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APPENDIX 8 (continued)

TWO-WAY ANOVA FOR THE TWO YEARS COMBINED YIELD PARAMETERS OF SORGHUM AT SAMARU, ZARIA

variables source Degree of Sum of squares Mean square F - value Pr>F R*=0.0863
freedom CV=10.29

One thousand Replicate 2 19.7208 9.8604 0.89 0.4165 SE+=

seed weight NPK 3 24.7237 8.2412 0.74 0.5312 RMSE =3.3364
NSC 3 12.1052 4.0351 0.36 0.7803 p=3242
NPK*NSC 9 25.4976 2.8331 0.25 0.9845
Error 78 868.2564 11.1315
TOTAL 95 950.3037

Biomass yield Replicate 2 4620094.2 2310047.1 0.06 0.9450 R*=0.0875
NPK 3 180745559.7 60248519.9 1.48 0.2275 CV=44.49
NSC 3 96796240.0 32265413.3 0.79 0.5028 SE+ =
NPK*NSC 9 23179247.0 2575471.9 0.06 0.9999 RMSE = 6388.47
Error 78 3183374734 40812497 p=14359.17
TOTAL 95 3488715875

Harvest index Replicate 2 0.0014 0.0007 0.86 0.4275 R”=0.2765
NPK 3 0.0093 0.0031 3.84 0.0128** CV=20.22
NSC 3 0.0076 0.0025 3.12 0.0306* SE+ =
NPK*NSC 9 0.0058 0.0006 0.80 0.6159 RMSE =0.0284
Error 78 0.0629 0.0008 p =0.1405
TOTAL 95 0.0870

Threshing Replicate 2 84.3137 42.1569 0.55 0.5805 R*=0.1090

percentage NPK 3 227.8150 75.9383 0.99 0.4036 CV=13.29
NSC 3 211.7605 70.5868 0.92 0.4367 SE+ =
NPK*NSC 9 210.2802 23.3645 0.30 0.9716 RMSE =8.7733
Error 78 6003.7723 76.9714 p = 66.04
TOTAL 95 6737.9417
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APPENDIX 9

TWO-WAY ANOVA FOR 2009 AND 2010 MINERAL-N AT VARIOUS STAGES OF SORGHUM GROWTH AT SAMARU, ZARIA

2009 2010
variables | source Degree of | Sum of Mean F- Pr>F Sum of Mean F- Pr>F
freedom | squares square value squares square value
2 weeks Replicate 2 0 0 0 1.0000 0.0000476 | 0.0000238 | 3.34 0.0490*
before NPK 3 0 0 0 1.0000 0.0000054 | 0.0000018 | 0.25 0.8602
planting | NSC 3 0 0 0 1.0000 0.0000151 0.0000050 | 0.70 0.5568
NPK*NSC | 9 2.5679E-34 | 2.8532E-35 | 3.3 0.0062 0.0000549 | 0.0000061 | 0.86 0.5731
Error 30 2.5679E-34 | 8.5597E-36 0.0002137 | 0.0000071
TOTAL 47 0 0.0003367
At Replicate 2 0.000175 0.0000876 | 0.36 0.6989 0.00015963 | 0.00007982 | 2.19 0.1292
planting | NPK 3 0.000234 0.0000781 | 0.32 0.8084 0.00003388 | 0.00001129 | 0.31 0.8178
NSC 3 0.000905 0.0003018 | 1.25 0.3095 0.00012116 | 0.00004039 | 1.11 0.3606
NPK*NSC | 9 0.000963 0.0001070 | 0.44 0.9005 0.00019147 | 0.00002127 | 0.58 0.7991
Error 30 0.007249 0.0002416 0.00109191 | 0.00003640
TOTAL 47 0.009526 0.00159805
Side- Replicate 2 0.0003651 0.0001826 | 18.03 <0.0001*** | 0.00000153 | 0.00000077 | 0.12 0.8901
dressing | NPK 3 0.0000346 0.0000115 | 1.14 0.3487 0.00001027 | 0.00000342 | 0.52 0.6700
NSC 3 0.0000653 0.0002177 | 2.15 0.1146 0.00002163 | 0.00000721 | 1.10 0.3642
NPK*NSC | 9 0.0000487 0.0000054 | 0.53 0.8376 0.00006348 | 0.00000705 | 1.08 0.4075
Error 30 0.0003037 0.0000101 0.00019651 | 0.00000655
TOTAL 47 0.0008174 0.00029343
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APPENDIX 10

TWO-WAY ANOVA FOR SOIL PHYSICOCHEMICAL PROPERTIES IN 2009 AND 2010 AT SAMARU, ZARIA FOLLOWING THE INCORPORATION OF NEEM SEED
CAKE AND/ INORGANIC FERTILIZER USING SORGHUM AS A BIO-INDICATOR.

BEFORE NEEM SEED CAKE INCORPORATION

2009 2010
variables source Degree of Sum of Mean square | F - value Pr>F Sum of Mean square | F - value Pr>F
freedom squares squares
Total Replicate 2 0.0006 0.0003 1.12 0.3381
Kjeldahl NSC 3 0.0009 0.0003 1.08 0.3727
Nitrogen NPK 3 0.0008 0.0003 1.03 0.3929
(TKN) NPK*NSC 9 0.0046 0.0005 1.88 0.0949
Error 30 0.0082 0.0003
TOTAL 47 0.0151
Available Replicate 2 2779.8110 1389.9055 3.32 0.0497*
Phosphorus NSC 3 1250.5269 416.8423 1.00 0.4078
NPK 3 1259.0990 419.6997 1.00 0.4048
NPK*NSC 9 3517.7342 390.8594 0.93 0.5104
Error 30 12547.4153 418.2472
TOTAL 47 21354.5864
Exchangeable | Replicate 2 0.0034 0.0017 2.31 0.1170
Potassium NSC 3 0.0004 0.0001 0.17 0.9146
NPK 3 0.0002 0.0001 0.08 0.9692
NPK*NSC 9 0.0044 0.0005 0.65 0.7436
Error 30 0.0223 0.0007
TOTAL 47 0.0307
Exchangeable | Replicate 2 0.6654 0.3327 241 0.1066
Calcium NSC 3 0.2690 0.0897 0.65 0.5888
NPK 3 0.3223 0.1074 0.78 0.5147
NPK*NSC 9 1.2385 0.1376 1.00 0.4623
Error 30 4.1346 0.1378
TOTAL 47 6.6298

celxxxviii




APPENDIX 10 (continued)

BEFORE NEEM SEED CAKE INCORPORATION

2009 2010
variables source Degree of Sum of Mean square | F —value Pr>F Sum of Mean square | F - value Pr>F
freedom squares squares
Exchangeable | Replicate 2 0.0368 0.0184 4.02 0.0285
Magnesium NSC 3 0.0026 0.0009 0.19 0.9007
NPK 3 0.0165 0.0055 1.21 0.3248
NPK*NSC 9 0.0290 0.0032 0.70 0.7011
Error 30 0.1373 0.0046
TOTAL 47 0.2222
Exchangeable | Replicate 2 0.0022 0.0011 1.02 0.3716
Sodium NSC 3 0.0077 0.0026 2.44 0.0842
NPK 3 0.0006 0.0002 0.20 0.8931
NPK*NSC 9 0.0105 0.0012 1.11 0.3826
Error 30 0.0315 0.0011
TOTAL 47 0.0525
Organic Replicate 2 0.0621 0.0310 2.62 0.0892
Carbon NSC 3 0.0019 0.0006 0.05 0.9839
NPK 3 0.0117 0.0039 0.33 0.8034
NPK*NSC 9 0.0647 0.0072 0.61 0.7809
Error 30 0.3550 0.0118
TOTAL 47 0.4953
PHyater Replicate 2 0.8866 0.4433 10.52 0.0003
NSC 3 0.0934 0.0311 0.74 0.5374
NPK 3 0.0218 0.0073 0.17 0.9140
NPK*NSC 9 0.6752 0.0750 1.78 0.1141
Error 30 1.2645 0.0422
TOTAL 47 2.9416
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APPENDIX 10 (continued)

BEFORE NEEM SEED CAKE INCORPORATION

2009 2010
variables source Degree of Sum of Mean square | F —value Pr>F Sum of Mean square | F - value Pr>F
freedom squares squares
pHcacn Replicate 2 0.1782 0.0891 8.03 0.0016
NSC 3 0.0124 0.0041 0.37 0.7734
NPK 3 0.0488 0.0163 1.46 0.2440
NPK*NSC 9 0.1307 0.0145 1.31 0.2742
Error 30 0.3331 0.0111
TOTAL 47 0.7031
Exchangeable | Replicate 2 0.2150 0.1075 9.92 0.0005
Acidity NSC 3 0.0167 0.0056 0.51 0.6765
NPK 3 0.0117 0.0039 0.36 0.7830
NPK*NSC 9 0.2417 0.0269 2.48 0.0300
Error 30 0.3250 0.0108
TOTAL 47 0.8100
Cation Replicate 2 59.7291 29.8645 10.16 0.0004
Exchange NSC 3 11.7234 3.9078 1.33 0.2832
Capacity NPK 3 2.0239 0.6746 0.23 0.8751
NPK*NSC 9 22.7447 2.5272 0.86 0.5697
Error 30 88.1669 2.9389
TOTAL 47 184.3880
Effective Replicate 2 1.1421 0.5711 3.43 0.0457
Cation NSC 3 6.3765 0.1255 0.75 0.5292
Exchange NPK 3 0.3856 0.1285 0.77 0.5192
Capacity NPK*NSC 9 1.2015 0.1335 0.80 0.6183
Error 30 4.9990 0.1666
TOTAL 47 8.1047
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APPENDIX 10 (continued)

AT PLANTING
2009 2010
variables source Degree of Sum of Mean square | F —value Pr>F Sum of Mean square | F - value Pr>F
freedom squares squares
Total Replicate 2 0.0033 0.0017 1.80 0.1829 0.0971 0.0485 20.25 <0.0001***
Kjeldahl NSC 3 0.0009 0.0003 0.32 0.8097 0.0061 0.0020 0.85 0.4770
Nitrogen NPK 3 0.0014 0.0005 0.50 0.6837 0.0007 0.0002 0.10 0.9608
(TKN) NPK*NSC 9 0.0088 0.0010 1.07 0.4154 0.0233 0.0026 1.08 0.4056
Error 30 0.0276 0.0009 0.0719 0.0024
TOTAL 47 0.0420 0.1991
Available Replicate 2 1227.0417 613.5208 3.65 0.0382 21.0837 10.5418 1.11 0.3424
Phosphorus NSC 3 1044.0573 348.0191 2.07 0.1253 21.2221 7.0740 0.75 0.5335
NPK 3 276.9010 92.3003 0.55 0.6528 30.7377 10.2459 1.08 0.3726
NPK*NSC 9 889.9115 98.8791 0.59 0.7964 101.5413 11.2824 1.19 0.3375
Error 30 5044.9583 168.1653 284.6735 9.4891
TOTAL 47 8482.8698 459.2583
Exchangeable | Replicate 2 0.0253 0.0127 0.10 0.9088 0.0936 0.0468 3.77 0.0345%*
Potassium NSC 3 1.4013 0.4671 3.54 0.0264* 0.0936 0.0312 2.51 0.0773
NPK 3 0.0444 0.0148 0.11 0.9524 0.0217 0.0072 0.58 0.6306
NPK*NSC 9 0.5923 0.0658 0.50 0.8638 0.0650 0.0072 0.58 0.8011
Error 30 3.9621 0.1321 0.3721 0.0124
TOTAL 47 6.0254 0.6460
Exchangeable | Replicate 2 1.3854 0.6927 4.92 0.0142%* 14.5829 7.2915 8.41 0.0013*
Calcium NSC 3 0.2017 0.0672 0.48 0.7007 0.7033 0.2344 0.27 0.8463
NPK 3 0.2583 0.0861 0.61 0.6131 5.3550 1.7850 2.06 0.1268
NPK*NSC 9 0.7433 0.0826 0.59 0.7979 11.3583 1.2620 1.46 0.2098
Error 30 4.2279 26.0171 0.8672
TOTAL 47 6.8167 58.0167
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APPENDIX 10 (continued)

AT PLANTING
2009 2010
variables source Degree of Sum of Mean square | F —value Pr>F Sum of Mean square | F - value Pr>F
freedom squares squares

Exchangeable Replicate 2 0.2595 0.1297 13.82 <0.0001*** | 0.1406 0.0703 6.01 0.0064

Magnesium NSC 3 0.0833 0.0278 2.96 0.0481%* 0.0359 0.0120 1.02 0.3966
NPK 3 0.0992 0.0331 3.52 0.0267* 0.0552 0.0184 1.57 0.2166
NPK*NSC 9 0.0489 0.0054 0.58 0.8036 0.0645 0.0072 0.61 0.7769
Error 30 0.2816 0.0094 0.3512 0.0117
TOTAL 47 0.7725 0.6475

Exchangeable Replicate 2 0.0385 0.0193 4.74 0.0163* 0.0149 0.0075 1.67 0.2053

Sodium NSC 3 0.0633 0.0211 5.19 0.0052* 0.0085 0.0028 0.63 0.6007
NPK 3 0.0132 0.0044 1.09 0.3701 0.0089 0.0030 0.67 0.5795
NPK*NSC 9 0.0195 0.0022 0.53 0.8383 0.0296 0.0033 0.74 0.6725
Error 30 0.1220 0.0041 0.1339 0.0045
TOTAL 47 0.2565 0.1958

Organic Carbon | Replicate 2 0.1482 0.0741 1.61 0.2162 0.1216 0.0608 9.28 0.0007*
NSC 3 0.2404 0.0801 1.74 0.1791 0.1155 0.0385 5.88 0.0028*
NPK 3 0.1410 0.0470 1.02 0.3963 0.0378 0.0126 1.93 0.1468
NPK*NSC 9 0.5113 0.0568 1.24 0.3107 0.0443 0.0049 0.75 0.6609
Error 30 1.3781 0.0459 0.1966 0.0066
TOTAL 47 2.4189 0.5158

PHyater Replicate 2 0.2188 0.1094 2.94 0.0680 0.2363 0.1181 12.20 0.0001*
NSC 3 0.4573 0.1524 4.10 0.0149%* 0.1683 0.0561 5.80 0.0030*
NPK 3 0.0740 0.0247 0.66 0.5810 0.0083 0.0028 0.29 0.8344
NPK*NSC 9 0.6135 0.0682 1.83 0.1027 0.1467 0.0163 1.68 0.1370
Error 30 1.1146 0.0372 0.2904 0.0097
TOTAL 47 2.4781 0.8500

ccxcil




APPENDIX 10 (continued)

AT PLANTING
2009 2010
variables source Degree of Sum of Mean F — value Pr>F Sum of Mean square | F - value Pr>F
freedom squares square squares
pHcacn Replicate 2 1.6404 0.8202 9.39 0.0007* 0.2817 0.1408 14.49 <0.0001***
NSC 3 0.3025 0.1008 1.15 0.3432 0.0590 0.0197 2.02 0.1321
NPK 3 0.1092 0.0364 0.42 0.7423 0.0623 0.0208 2.14 0.1165
NPK*NSC 9 1.1675 0.1297 1.49 0.1984 0.0502 0.0056 0.57 0.8076
Error 30 2.6196 0.0873 0.2917 0.0097
TOTAL 47 5.8392 0.7448
Exchangeable Replicate 2 0.1117 0.0558 5.32 0.0106 0.0450 0.0225 1.09 0.3505
Acidity NSC 3 0.0433 0.0144 1.38 0.2692 0.1406 0.0469 2.26 0.1015
NPK 3 0.0167 0.0056 0.53 0.6657 0.0523 0.0174 0.84 0.4821
NPK*NSC 9 0.0700 0.0078 0.74 0.6692 0.1835 0.0204 0.98 0.4729
Error 30 0.3150 0.0105 0.6217 0.0207
TOTAL 47 0.5567 1.0431
Cation Replicate 2 1.9723 0.9862 1.30 0.2866 54.9368 27.4684
Exchange NSC 3 0.5957 0.1986 0.26 0.8519 136.2892 45.4297
Capacity NPK 3 1.4548 0.4849 0.64 0.5947 96.9584 32.3195
NPK*NSC 9 4.5866 0.5096 0.67 0.7261 307.3235 34.1471
Error 30 22.7016 0.7567 502.0385 16.7346
TOTAL 47 31.3110 1097.5463
Effective Cation | Replicate 2 0.3775 0.1887 0.50 0.6036 17.2185 8.6092 10.38 0.0004**
Exchange NSC 3 3.9245 1.3082 3.50 0.0274* 1.3943 0.4648 0.56 0.6453
Capacity NPK 3 0.1067 0.0356 0.10 0.9621 4.6536 1.5512 1.87 0.1559
NPK*NSC 9 1.2600 0.1400 0.37 0.9383 11.7273 1.3030 1.57 0.1691
Error 30 11.2157 0.3739 24.8770 0.8292
TOTAL 47 16.8844 59.8707
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APPENDIX 10 (continued)

AT HEADING
2009 2010
variables source Degree of Sum of Mean square | F —value Pr>F Sum of Mean square | F - value Pr>F
freedom squares squares
Total Kjeldahl Replicate 2 0.0036 0.0018 0.82 0.4507 0.0001 0.00004 0.32 0.7306
Nitrogen (TKN) | NSC 3 0.0066 0.0022 1.00 0.4045 0.0004 0.00012 0.87 0.4655
NPK 3 0.0055 0.0018 0.85 0.4787 0.0003 0.00011 0.77 0.5188
NPK*NSC 9 0.0164 0.0018 0.84 0.5860 0.0017 0.00019 1.35 0.2533
Error 30 0.0652 0.0022 0.0042 0.00010
TOTAL 47 0.0973 0.0066
Available Replicate 2 93.5729 46.7865 3.55 0.0413* 6.5661 3.2831 2.13 0.1361
Phosphorus NSC 3 52.0573 17.3524 1.32 0.2872 1.1681 0.3894 0.25 0.8586
NPK 3 2.5469 0.8490 0.06 0.9783 9.5040 3.1680 2.06 0.1268
NPK*NSC 9 184.3906 20.4878 1.55 0.1744 16.6105 1.8456 1.20 0.3315
Error 30 395.3021 13.1767 46.1674 1.5389
TOTAL 47 727.8698 80.0160
Exchangeable Replicate 2 0.0053 0.0026 0.75 0.4830 0.0001 0.00003 0.06 0.9458
Potassium NSC 3 0.0054 0.0018 0.51 0.6796 0.0018 0.00060 1.24 0.3120
NPK 3 0.0062 0.0021 0.58 0.6323 0.0018 0.00059 1.22 0.3199
NPK*NSC 9 0.0262 0.0029 0.83 0.5980 0.0027 0.00030 0.61 0.7774
Error 30 0.1059 0.0035 0.0145 0.00050
TOTAL 47 0.1490 0.0208
Exchangeable Replicate 2 17.0817 8.5408 8.92 0.0009*** 5.8329 2.9165 1.18 0.3226
Calcium NSC 3 1.4867 0.4956 0.52 0.6735 4.4690 1.4897 0.60 0.6198
NPK 3 1.8267 0.6089 0.64 0.5978 9.3256 3.1085 1.25 0.3082
NPK*NSC 9 3.4200 0.3800 0.40 0.9269 40.6402 4.5156 1.82 0.1058
Error 30 28.7317 0.9577 74.4471 2.4816
TOTAL 47 52.5467 134.7148
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APPENDIX 10 (continued)

AT HEADING
2009 2010
variables source Degree of Sum of Mean square | F —value Pr>F Sum of Mean square | F - value Pr>F
freedom squares squares
Exchangeable | Replicate 2 0.0063 0.0032 0.87 0.4278
Magnesium NSC 3 0.0065 0.0022 0.60 0.6192
NPK 3 0.0664 0.0221 6.10 0.0023**
NPK*NSC 9 0.0364 0.0040 .11 0.3827
Error 30 0.1088 0.0036
TOTAL 47 0.2245
Exchangeable | Replicate 2 0.3503 0.1752 29.16 <0.0001*** | 0.0009 0.0005 0.46 0.6383
Sodium NSC 3 0.0145 0.0048 0.80 0.5020 0.0041 0.0014 1.36 0.2730
NPK 3 0.0125 0.0042 0.69 0.5630 0.0022 0.0007 0.75 0.5296
NPK*NSC 9 0.0480 0.0053 0.89 0.5474 0.0047 0.0005 0.53 0.8407
Error 30 0.1802 0.0060 0.0298 0.0010
TOTAL 47 0.6055 0.0417
Organic Replicate 2 0.4990 0.2495 14.43 <0.0001*** | 0.0246 0.0123 0.63 0.5393
Carbon NSC 3 0.0005 0.0002 0.01 0.9986 0.1215 0.0405 2.08 0.1243
NPK 3 0.0384 0.0128 0.74 0.5361 0.0113 0.0038 0.19 0.9002
NPK*NSC 9 0.1975 0.0219 1.27 0.2934 0.1654 0.0184 0.94 0.5046
Error 30 0.5187 0.0173 0.5853 0.0195
TOTAL 47 1.2542 0.9081
PHyater Replicate 2 0.3304 0.1652 20.40 <0.0001*** | 0.8600 0.4300 27.64 <0.0001***
NSC 3 0.0273 0.0091 1.12 0.3552 0.0842 0.0281 1.80 0.1678
NPK 3 0.0506 0.0169 2.08 0.1233 0.0425 0.0142 0.91 0.4475
NPK*NSC 9 0.0985 0.0109 1.35 0.2531 0.1392 0.0155 0.99 0.4656
Error 30 0.2429 0.0081 0.4667 0.0156
TOTAL 47 0.7498 1.5925
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APPENDIX 10 (continued)

AT HEADING
2009 2010
variables source Degree of Sum of Mean square | F —value Pr>F Sum of Mean square | F - value Pr>F
freedom squares squares

pHcacn Replicate 2 0.0329 0.0165 2.84 0.0741 0.3463 0.1731 28.79 <0.0001***
NSC 3 0.0190 0.0063 1.09 0.3680 0.0373 0.0124 2.07 0.1256
NPK 3 0.0290 0.0097 1.67 0.1952 0.0240 0.0080 1.33 0.2837
NPK*NSC 9 0.0652 0.0072 1.25 0.3030 0.0352 0.0039 0.65 0.7453
Error 30 0.1738 0.0058 0.1804 0.0060
TOTAL 47 0.3198 0.6231

Exchangeable Replicate 2 0.0117 0.0058 0.81 0.4526 0.2304 0.1152 1.98 0.1563

Acidity NSC 3 0.0300 0.0100 1.40 0.2634 0.0467 0.0156 0.27 0.8488
NPK 3 0.0217 0.0072 1.01 0.4030 0.4017 0.1339 2.30 0.0979
NPK*NSC 9 0.0883 0.0098 1.37 0.2453 0.2183 0.0242 0.42 0.9163
Error 30 0.2150 0.0072 1.7496 0.0583
TOTAL 47 0.3667 2.6467
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APPENDIX 10 (continued)

AT HARVEST
2009 2010
variables source Degree of Sum of Mean square | F —value Pr>F Sum of Mean square | F - value Pr>F
freedom squares squares
Total Kjeldahl Replicate 2 0.4370 0.2185 1.67 0.2060 0.0016 0.0008 2.57 0.0936
Nitrogen (TKN) | NPK 3 0.4240 0.1413 1.08 0.3733 0.0003 0.0001 0.38 0.7683
NSC 3 0.2448 0.0816 0.62 0.6061 0.0011 0.0004 1.17 0.3362
NPK*NSC 9 1.9989 0.2221 1.69 0.1343 0.0020 0.0002 0.74 0.6679
Error 30 3.9336 0.1311 0.0092 0.0003
TOTAL 47 7.0382 0.0142
Available Replicate 2 193.4479 96.7240 7.84 0.0018** 149.9030 74.9515 5.40 0.0100*
Phosphorus NPK 3 70.4375 23.4792 1.90 0.1503 60.1494 20.0498 1.44 0.2497
NSC 3 15.8229 5.2743 0.43 0.7347 96.2613 32.0871 2.31 0.0963
NPK*NSC 9 75.0313 8.3368 0.68 0.7241 99.2920 11.0324 0.79 0.6239
Error 30 370.0521 12.3351 416.6595 13.8887
TOTAL 47 724.7917 822.2653
Exchangeable Replicate 2 0.0491 0.0245 1.71 0.1979 0.0010 0.0005 0.83 0.4440
Potassium NPK 3 0.0418 0.0139 0.97 0.4192 0.0082 0.0027 4.42 0.0109%*
NSC 3 0.0438 0.0146 1.02 0.3986 0.0067 0.0022 3.59 0.0249
NPK*NSC 9 0.1342 0.0149 1.04 0.4332 0.0095 0.0011 1.71 0.1299
Error 30 0.4303 0.0143 0.0185 0.0006
TOTAL 47 0.6992 0.0439
Exchangeable Replicate 2 0.1838 0.0919 0.52 0.5984 3.0150 1.5075 2.69 0.0839
Calcium NPK 3 0.3217 0.1072 0.61 0.6140 1.3706 0.4569 0.82 0.4949
NSC 3 0.2217 0.0739 0.42 0.7399 3.7373 1.2458 2.23 0.1055
NPK*NSC 9 0.5467 0.0607 0.35 0.9517 3.7252 0.4139 0.74 0.6700
Error 30 5.2763 0.1759 16.7850 0.5595
TOTAL 47 6.5500 28.6331
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APPENDIX 10 (continued)

AT HARVEST
2009 2010
variables source Degree of Sum of Mean square | F —value Pr>F Sum of Mean square | F - value Pr>F
freedom squares squares
Exchangeable | Replicate 2 0.0067 0.0033 0.69 0.5080 2.1722 1.0861 3.67 0.0375
Magnesium NPK 3 0.0122 0.0041 0.84 0.4806 1.4710 0.4903 1.66 0.1972
NSC 3 0.0004 0.0001 0.03 0.9925 0.4802 0.1601 0.54 0.6579
NPK*NSC 9 0.0465 0.0052 1.07 0.4119 4.0585 0.4509 1.52 0.1847
Error 30 0.1449 0.0048 8.8761 0.2959
TOTAL 47 0.2108 17.0580
Exchangeable | Replicate 2 0.0203 0.0102 1.74 0.1929 0.0242 0.0121 6.01 0.0064*
Sodium NPK 3 0.0034 0.0011 0.19 0.9015 0.0089 0.0030 1.48 0.2409
NSC 3 0.0160 0.0053 0.91 0.4466 0.0041 0.0014 0.68 0.5700
NPK*NSC 9 0.0276 0.0031 0.53 0.8445 0.0271 0.0030 1.49 0.1955
Error 30 0.1754 0.0058 0.0605 0.0020
TOTAL 47 0.2427 0.1248
Organic Replicate 2 0.3984 0.1992 6.10 0.0060** 0.0042 0.0021 0.14 0.8722
Carbon NPK 3 0.3204 0.1068 3.27 0.0348* 0.1218 0.0406 2.66 0.0662
NSC 3 0.0356 0.0119 0.36 0.7797 0.0094 0.0031 0.21 0.8918
NPK*NSC 9 0.4615 0.0513 1.57 0.1697 0.1753 0.0195 1.27 0.2907
Error 30 0.9802 0.0327 0.4584 0.0153
TOTAL 47 2.1962 0.7691
PHyater Replicate 2 1.9579 0.9790 16.99 <0.0001*** | 0.9754 0.4877 27.20 <0.0001***
NPK 3 0.1056 0.0352 0.61 0.6131 0.0123 0.0041 0.23 0.8758
NSC 3 0.0056 0.0019 0.03 0.9920 0.0423 0.0141 0.79 0.5111
NPK*NSC 9 0.5719 0.0635 1.10 0.3905 0.2219 0.0247 1.37 0.2429
Error 30 1.7286 0.0576 0.5379 0.0179
TOTAL 47 4.3698 1.7898
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APPENDIX 10 (continued)

AT HARVEST
2009 2010
variables source Degree of Sum of Mean square | F —value Pr>F Sum of Mean square | F - value Pr>F
freedom squares squares

pHcacn Replicate 2 0.2029 0.1015 2.18 0.1308 0.0200 0.1000 1.10 0.3467
NPK 3 0.0517 0.0172 0.37 0.7753 0.0023 0.0008 0.08 0.9683
NSC 3 0.1717 0.0572 1.23 0.3165 0.0290 0.0097 1.06 0.3809
NPK*NSC 9 0.2933 0.0326 0.70 0.7038 0.0835 0.0093 1.02 0.4477
Error 30 1.3971 0.0466 0.2733 0.0091
TOTAL 47 2.1167 0.4081

Exchangeable Replicate 2 0.1213 0.0606 4.64 0.0176* 0.0904 0.0452 9.95 0.0005%**

Acidity NPK 3 0.0240 0.0080 0.61 0.6131 0.0090 0.0030 0.66 0.5846
NSC 3 0.0190 0.0063 0.48 0.6962 0.0323 0.0108 2.37 0.0903
NPK*NSC 9 0.1169 0.0130 0.99 0.4659 0.0319 0.0035 0.78 0.6362
Error 30 0.3921 0.0131 0.1363 0.0045
TOTAL 47 0.6731 0.2998
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APPENDIX 11

TWO-WAY ANOVA FOR NUTRIENT CONCENTRATION IN SORGHUM TISSUE

2009 2010
Degree
of sum of mean sum of mean
Variables Source freedom square square F-value Pr>F square square F-value Pr>F
Total Kjeldahl
Nitrogen Replicate 2 58.77 29.39 1.65  0.2093 12.12 6.06 0.79  0.4625
NPK 3 67.65 22.55 1.26  0.3042 58.84 19.61 2.56  0.0736
NSC 3 118.12 39.37 221 0.1077 20.75 6.92 090  0.4515
NPK*NSC 9 200.61 22.29 1.25  0.3035 107.11 11.90 1.55  0.1750
Error 30 534.90 17.83 229.86 7.66
Total 47 980.05 428.68
Total phosphorus  Replicate 2 8.51 4.26 0.67 0.518 0.03 0.01 0.17  0.8450
NPK 3 8.99 3.00 0.47  0.7032 0.21 0.07 0.89  0.4564
NSC 3 23.41 7.80 1.23 0.315 0.11 0.04 0.49  0.6932
NPK*NSC 9 42.94 4.77 0.75  0.6583 0.52 0.06 0.73  0.6759
Error 30 189.90 6.33 2.35 0.08
Total 47 273.75 3.22
Total potassium Replicate 2 944.2 472.10 0.64  0.5341 180.71 90.35 0.96  0.3951
NPK 3 1870.38 623.46 0.85  0.4797 291.29 97.10 1.03  0.3936
NSC 3 4930.54 1643.51 223 0.1052 164.03 54.68 0.58  0.6329
NPK*NSC 9 4233.81 470.42 0.64  0.7556 1074.91 119.43 1.27  0.2950
Error 30 22114.27 737.14 2829.72 94.32
Total 47 34093.20 4540.66
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APPENDIX 12
SAS-mineralization syntax for parameter estimates evaluation:

Data N mineralized;

Input Y k h;

Proc nlin method;

PARMS n0O= (estimate)

T= (estimate);

MODEL y=n0*(1-EXP (-k*time)) + ne;
y=n0-n0*((K*EXP (-h*time))-(h*EXP (-h*time)))/ (k-h);
y=n0-n0*(EXP (-k*time)*((k*time) +1));

y=n0-n0*EXP (-h*(EXP (-k*time)))-(n0O*EXP (-h));
y=n0*(1-EXP (-(k*t)-0.5%h*t*t));

RUN;
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APPENDIX 13
SAS-decomposition syntax for parameter estimates evaluation:

Data N decomposed;
Input Y kt XL XR;
Proc nlin method;
PARMS XL= (estimate)
T= (estimate);

MODEL y = XL* (EXP (Kl*time)));

Y = (XR* (EXP (-Kr*time))):;
Y = XR;
RUN;
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