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ABSTARCT

The poor quality of cow dung in Ghana resulting from the opportunistic feeding mode of
cattle impedes its adoption due to high quantities needed for application. This calls for
nutrient optimization of cattle manure with inexpensive locally available sources of organic
inputs that could enhance its quality. Though large volumes of crop residues and other agro-
wastes are produced on-farm, they are underutilized and mostly a nuisance. Major food crops
take approximately, 44 %, 42 % and 56 % of the total nitrogen (N), phosphorus (P) and
potassium (K), respectively and are found in crop residues. There is therefore the need to
develop appropriate technologies for utilizing agro-wastes by transforming them into useful
“resources” with potentially available plant macro and micronutrients. Common agro-wastes
in Ghana include cocoa pod husk (CPH), palm kernel cake (PKC), cattle manure (CM) and
poultry manure. Hence, this review sought to explore the use of crop residues and agro-
minerals to improve the quality of manure and consequently its fertilizer value for soil
fertility improvement and increased crop yield. The review presented an assessment of
resource potentials of some crop residues and local agro-mineral as a means of enhancing the
quality of CM. Using published data, the review has identified that PKC, rock phosphate
(RP) and CPH have high potential for improving the N, P and K contents of CM,
respectively. In conclusion, it recommends the need to extensively explore the potential of
other commonly available organic resource materials for their efficacy to improve the
fertilizer value of cattle manure.

Keywords: Compost, crop residues, rock phosphate, cocoa pod husk, palm kernel cake.
INTRODUCTION

Low soil fertility has been identified as the major biophysical cause for the declining
rate of crop production in most sub-Saharan African (SSA) countries, including Ghana
(Sanchez, 2002). Therefore, in order to satisfy the demands of the rising human population
and enhance food security, replenishment of the degraded agricultural soils is imperative as
the exacerbated decline in soil fertility with its consequent suboptimal crop yields has been a
major crop production constraint in diverse agro-ecologies over the years. Intensive
agriculture cannot be sustained unless through soil nutrient application to replace those
depleted by crop production (Grant et al., 2002; Morris et al., 2007). Inorganic and organic
fertilizers are the most common sources of nutrients to crops.

In this era of climate change, the sole use of inorganic fertilizers is not
environmentally sustainable because of their inability to solely improve the soil’s biological
and physical properties. The high prices of inorganic fertilizers have also resulted in
intensified studies into locally available, low-cost, ecologically sound, and inexpensive
sources of nutrients like organic manures (Adejobi et al., 2013). The commonly used organic
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manures in Ghana are poultry and cattle manures. Cattle manure has a relatively low nutrient
content (1.20 % N, 0.07 % P, 0.09 % K, 0.25 % Ca and 0.08 % Mg) as compared to poultry
manure (2.20 % N, 0.77 % P, 0.91 % K, 1.70 % Ca and 0.42 % Mg) (FAO, 2005). The poor
quality of cattle manure, for example, significantly impedes its adoption for application
(Vanlauwe and Giller, 2006) resulting in high quantities needed for application. This calls for
optimization of cattle manure using inexpensive, locally available organic inputs that could
enhance its quality. Most studies have attempted improving the N content of manure using
crop residues (Ewusi-Mensah, 2009; Kolade et al., 2006) and P using agro-minerals
(Mahimairaja et al., 1995) by composting. However, studies to improve N, P and K
simultaneously in manure is limited.

Composting cattle manure with locally available materials such as cocoa pod husk
(CPH), palm kernel cake (PKC) and rock phosphate (RP) agro-mineral would enhance the
fertilizer value of manure and subsequently decrease the quantity needed for application.
Cocoa pod husk can serve as a rich source of K ranging between 3.35 to 3.87 % (Adamtey,
2005; Hamzat and Adeola, 2011). Similarly, PKC from agro-processing industries is a rich
source of nitrogen (2.88 %) (Kolade et al., 2006) and rock phosphate has a relatively high P
content (28 — 30 %).

The objective of this review therefore was to explore the use of these nutrient
enriched resources for improving the quality of manure, and thus its fertilizer value for soil
fertility improvement and consequently increased crop yield. This review therefore highlights
recent advances on soil fertility trends in SSA, especially Ghana and presents an assessment
of the resource potentials of some crop residues and a local agro-mineral as a means of
enhancing the quality of cattle manure.

MATERIALS AND METHODS

This study reviewed scientific literature on soil fertility status in SSA (Henao and Baanante,
20006), especially Ghana (Hill, 2014; Jayne et al., 2015), ways of improving soil fertility
(Grant et al., 2002; Morris et al., 2007; Omotayo and Chukwuka, 2009), potential of
agricultural farm residues and agro-minerals as a nutrient source (Adamu et al., 2014;
Maheshwari, 2014; Essel et al., 2021), quality improvement of manures (Singh and
Amberger, 1991; Sanginga and Woomer, 2009; Fening et al., 2010; Opoku, 2011) and
compost enrichment (Singh and Amberger, 1991; Sanginga and Woomer, 2009; Akbari et al.,
2010). In the past two decades (2000 to 2020), literature about “manure quality”, “fertilizer
value”, “compost” and its effects on soil fertility has considerably increased, thus indicating a
strong interest by researchers in this topic from different points of view. Scopus (Elsevier)
literature database (https://www.scopus.com) was used for data retrieval in this review, as it
covers a wider scope of high-quality, peer-reviewed articles across multiple disciplines. The
data was retrieved on June 30, 2020 using the search query: (TITLE-ABS-KEY ("manure
quality" OR "fertilizer value" OR "compost" AND "soil fertility") AND PUBYEAR > 1999
AND (LIMIT-TO (SUBJAREA,"AGRI") OR LIMIT-TO (SUBJAREA, "ENVI"))). This
search produced a total of 1015 documents as presented in Figure 1; with India dominating
with 154 and Ghana having 10 reported publications.
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Figure 1: Results of the search performed on Scopus in June, 2020 sorted by inputting “manure quality”,
“fertilizer value”, “compost” and “soil fertility” in the article title, abstract and keyword fields, and in the
subject area “Agricultural and Biological Sciences” and “Environmental Science”.

REVIEW
i.  Overview of Soil Fertility Status in Ghana

Due to several physical or chemical limitations; high bulk density, low organic carbon
content, nutrient deficiency, acidity, etc., most soils in their inherent capacity are unable to
provide adequate/required nutrients for the growth of crops, resulting in reduced crop yields.
Hartemink (2006) reported that, soil fertility decline is an implication of soil quality decline.
Reports have been made by several scientists about the poor fertility status of most soils in
SSA (Henao and Baanante, 2006; Chukwuka and Omotayo, 2009). It was reported by
Sanchez (2002), that depletion of soil fertility in smallholder farmers’ fields was the major
biophysical cause of the declining crop production in most SSA countries. This has resulted
in low crop yields and per capita food production in SSA (Henao and Baanante, 2006). Low
soil fertility costs farmers over US$ 4 billion annually in reduced yields (Wortmann and
Sones, 2017).

Ghana, like many other countries in Africa, has been facing an escalating soil fertility
crisis over decades with predicted losses of 35, 4 and 20 kg/ha of N, P and K annually (Jayne
et al., 2015). This has been affirmed by Hill (2014), who reported that significant soil multi-
nutrient (N, P and K) deficiencies have been found throughout Ghana. This has often resulted
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through drivers such as nutrient mining by crops, leaching of soil nutrients and inappropriate
management practices resulting from lack of fallow periods, deforestation and land
degradation (Morris et al., 2007). Also, when nutrient outflows through crop harvest and crop
residue removal from farms are greater than nutrient inflows by fertilizer application, the soil
nutrient stock will decline and consequently contribute to soil fertility depletion (Henao and
Baanante, 1999). Nevertheless, several years of research have not been able to completely
reverse this trend in declining soil fertility status. Jayne et al. (2015) made an observation of
the average fertility status of soils in the six agro-ecological zones (AEZ) of Ghana.
According to the aforementioned authors’ report, the soil pH, organic C, total N, available P
and exchangeable K of soils in the Semi-deciduous forest AEZ was in the range 5.5 — 6.2,
1.59 — 4.80 %, 0.15 — 0.42 %, 0.36 — 5.22 mg/kg and 0.16 — 0.22 cmol(+)/kg, respectively
(Table 1). The soils were moderately acidic with very low nutrients.

Table 1: Average soil fertility status of the agro - ecological zones in Ghana.

Agro-ecological SoilpH  Organic C Total N Available P Exch. K
zone (%) (%) (mg/kg) (cmol/kg)
Rainforest 3.8-55 1.52-424 0.12-0.38 0.12-5.42 0.16-0.39

Transitional zone 5.1-64 0.59 -0.99 0.04-0.16 0.30-4.68 0.15-0.19
Semi-Deciduous 55-6.2 1.59-4.80 0.15-042 0.36-522 0.16-0.22
Forest

Coastal Savanna 56-64 0.61-1.24 005-1.16 028-4.10 0.12-0.15
Guinea Savanna 62-66 0.51-0.99 0.05-0.12 0.18-3.60 0.12-0.14
Sudan Savanna 6.4-6.7 048-0.98 0.06-0.14 0.06-1.80 0.09-0.11

Exch K: Exchangeable potassium; Adapted Jayne et al., (2015)

The need to build resilience towards a climate-smart agriculture has resulted in
paradigm shifts in several aspects of farming such as a shift from individual crop nutrient
requirements to optimum use of nutrient sources, and also a shift from the first year’s
nutrient application effects to a long-term residual effect. Due to the generally low fertility
status of the soils, Grant et al., (2002) and Morris et al., (2007) suggested that intensive
agriculture cannot be sustained unless inorganic or organic or both nutrient sources are
applied to the soil to replace the ones removed through increased crop production.

ii.  Use of Inorganic Fertilizers

The importance of inorganic fertilizer in crop production is well documented globally
as a major supplier of plant nutrients. Inorganic fertilizer was a significant element of the
technological trinity comprising fertilizer, improved seed and irrigation that led to the Green
Revolution in Latin America and Asia (Dittoh et al., 2012).

In developing countries outside Africa, 50 to 70 % of crop yield increases have been
attributed to unprecedented inorganic fertilizer use (Issaka et al., 2016). In Ghana, however,
approximately 10 % of smallholder farmers with less than one hectare of farmland use
inorganic fertilizers (Ghana Fertilizer Assessment, 2012). Though, the global mean of
inorganic fertilizer application is 101 kg/ha (Camara and Heinemann, 2006), SSA applies 9
kg/ha and Ghana applies about 8 kg/ha (FAO, 2005).

The low application rate has been probably attributed to its high cost, which is
usually beyond the purchasing power of the smallholder farmer (Tetteh et al., 2008). The
extensive and improper use of inorganic fertilizers increase micronutrient deficiency and
nutrient imbalance; reduce microbial population and deteriorates soil quality (Kannan et al.,
2013) resulting in crop productivity decline (Tovihoud;ji et al., 2017).
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iti.  Use of Organic Fertilizers

Kannan et al., (2013) opined that, the adverse effects of inorganic fertilizer use were
due to its exclusive and improper use coupled with the non-application of organic nutrient
sources. Due to the high inorganic fertilizer cost and its associated soil acidity problems as a
result of leaching of the nutrients, there is therefore an urgent need for an ecologically sound
and efficient soil management technology with consideration from organic sources. Issaka et
al., (2016) observed that, Ghana’s organic farming sector is relatively underdeveloped,
representing 0.2 percent of the total agricultural land. However, it must be noted that,
although the sole use of organic fertilizers cannot provide adequate nutrients to sustain crop
yields, they will continue to be a critical source of nutrients for smallholder farmers (Palm et
al., 2001).

The most commonly used organic nutrient sources in SSA are animal manure, green
manure, crop residues, leguminous cover crops, household wastes and mulches (Omotayo
and Chukwuka, 2009). Organic fertilizers in the form of manures and compost are important
complements to inorganic fertilizer use (Fairhurst, 2012; Jayne et al., 2015). Their use for
soil fertility improvement has been an age-old practice (Omotayo and Chukwuka, 2009).
This is backed by a report by Issaka et al. (2012) that the economies of most developing
countries dictate that resources must be used to their fullest potential, leading to a culture of
reuse, repair and recycling. Some reports have also indicated that, organic fertilizers increase
the buffering capacity of soils. They can also improve the moisture retention capacity of
soils, leading to increased germination percentage and vigorous plant growth (Spaccini et al.,
2002). Furthermore, organic fertilizers regulate the soil physicochemical properties, have the
ability to supply micronutrients which are not contained in inorganic fertilizers, ameliorate
soil acidity constraints and replenish soil organic matter (Fairhurst, 2012).

Despite the numerous merits of organic fertilizers, their effective use in nutrient
management is constrained by certain factors. These include the large labour force needed
for processing and transporting organic materials in bulk and also the large quantities
required to provide adequate nutrients needed by plants for successful crop production due to
their relatively low nutrient concentrations and poor quality (Palm et al., 1997; Fatondji et
al., 2009). They are also sometimes associated with slow mineralization of nutrients
(Lukman et al., 2016) causing loss of synchrony between nutrient release and crop demand
(Gondwe and Nkonde, 2017). In an earlier study, Snapp et al. (1998) reported that most crop
residues and animal manures are of low quality, due to their N contents falling below the
critical value of 1.8 — 2.0 %, and causing temporal N immobilization when applied to soils.
Therefore, the sole use of crop residues or animal manures without optimizing their nutrient
contents is an imperfect form of nutrient cycling due to their inability to solely close the
nutrient loop (Tovihoud;ji et al., 2017). However, the use of high quality, fast decomposing
organic resources such as Crotalaria, Tithonia and Sesbania spp. slows down the build-up of
organic matter in soils due to the rapid decomposition rates and results in leaching out of
nutrients from the soil (Omotayo and Chukwuka, 2009). Furthermore, Jama et al., (2000)
reported that, there are more organic resources with relatively high nutrient concentrations,
but little is known about their potential for use as a nutrient source to improve soil fertility
and crop yields.

iv.  Potential of Agricultural Farm Residues and Agro-Minerals as a Nutrient Source

Crop residues is agriculture’s largest harvest (Smil, 1999). According to Adamu et
al., (2014), agricultural residues constitute straws, stem, leaves, roots, stovers, haulms,
processed waste such as rice husks, oil cakes, etc, that remain after crop harvest. Large
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volumes of Ghana’s crop residues and wastes produced on-farm are underutilized and mostly
constitute a nuisance. This assertion is confirmed by a farm survey by Ogunrinde (2006) who
observed that approximately 70 percent of crop residues produced by farmers in the Ashanti
region of Ghana served no alternative agricultural use. Despite the alarming rate of declining
soil fertility, an assessment by Rhodes (1995) on the major nutrients removed by food crops
in the tropics such as sorghum, rice, millet, maize, cassava and yam revealed that
approximately 44 % of the total N, 42 % of the total P and 56 % of the total K taken up by
the major food crops are found in crop residues. There is therefore the need to develop
appropriate strategies for re-using agricultural farm residues by transforming the “wastes”
into useful “resource” materials.

The use of agricultural resource waste and residues is increasingly gaining
importance among smallholder farmers. The use of agricultural resource waste and residues
would be of immense benefit to the smallholder farmer because aside it being readily
available, it is extremely sustainable and environmentally friendly in restoring and
maintaining soil fertility and productivity (Agbeniyi et al., 2011). These residues are noted
for their potentially available plant macro and micronutrients. However, for safe application
to plants, there is the need to compost them (Adamtey, 2005; Issaka et al., 2012). Even
though in Ghana, there are many sources of agricultural residues and wastes with the
potential of being used as sources of organic fertilizer, this review will focus on cocoa pod
husk, palm kernel cake, cattle manure and rock phosphate.

v.  Cocoa Pod Husk

Cocoa pod husk is a major agro-industrial residue in Ghana, obtained from the fruit
of cocoa (Theobroma cacao L.) and a very important commodity due to the economic value
of cocoa beans. Nfor et al. (n.d.), in valorizing the by-products of cocoa in Cameroon
reported that, cocoa beans constitute 10 % of the fresh weight of the cocoa fruit. This means
that only 10 % of the cocoa fruit is commercialized while 90 % by weight is discarded as
cocoa waste. For instance, an estimated 6,800,000 tons of CPH are generated annually from
farms in the Ashanti, Brong-Ahafo and Western regions of Ghana (Ofori-Frimpong et al.,
2003; Moyin-Jesu, 2004; Odedina et al., 2007; Mensah-Brako, 2011). According to reports
by Alemawor et al. (2009), CPH constitutes over 70 % (w/w) of the whole matured cocoa
fruit, but is currently under-utilized. This means during every cocoa harvesting season, a
colossal amount of CPH become available but are discarded as “waste”. These have
environmental implications as CPH serves as a host for Phytophtora spp., the major causal
agent for black pod disease in cocoa and a major threat to the cocoa industry and Ghana’s
economy (Ofosu-Budu et al., 2015). Cocoa pod husk contains approximately 1.47 % N, 0.19
% P and 3.35 % K (Adamtey, 2005). In Nigeria, Hamzat and Adeola (2011) also revealed
that CPH contained 0.10 % P, 3.87 % K, 10.4 % moisture and 89.6 % dry matter. Hence,
there is the need to exploit the potassium in CPH for soil amelioration.

vi.  Palm Kernel Cake

Palm kernel cake is one of the major co-products obtained from the residues of the
monocotyledonous oil palm (Elaeis guineensis Jacq.) (Mohamed et al., 2012). According to
Rupani et al., (2010), 70 % of the fresh fruit bunches in the oil palm industry are generated as
waste, with palm kernel cake accounting for 3 percent.

Palm kernel cake is the less fibrous solid waste produced following the extraction
and refining of palm kernel oil from the endosperm of oil palm fruits. According to a report
by Alimon (2004), PKC has high mineral composition, with 0.46 —0.71 % P, K (0.76 — 0.93
%), Ca (0.21 — 0.34 %) and Mg (0.16 - 0.33 %). Also, Maheshwari (2014) reported that,
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PKC contains 2.42 % N, 0.22 % P, 1.08 % K, 1.6 % Ca and 0.5 % Mg. These nutrients
which are often allowed to go waste, can therefore be used in soil amendment programmes.

Contrary to the high nitrogen content of 2.42 %, reported by Maheshwari (2014),
Kolade et al., (2006), found that palm kernel cake is generally deficient in nitrogen and
therefore in order to compost it, there is the need to supplement it with nitrogen-rich
materials usually from animal wastes. Kolade et al., (2006) therefore composted palm kernel
wastes using goat manure and poultry manure and as nitrogen supplements and realized the
sole application of the palm kernel waste compost resulted in greater number of leaves, stem
girth and plant height of amaranthus comparable to that of organo-mineral fertilizer. Prior to
composting, the aforementioned authors recorded 58.92 % moisture content, 96.21 % C, 2.88
9% N, 0.60 % P and 0.19 % K for PKC. Nutrients in organic resources are variable and as
such, Adamtey (2005) also reported values of 1.63 % N, 0.70 % P and 0.06 % K in PKC.
The use of PKC will therefore be an innovative approach of positively enhancing the
fertilizer value of manure. This is because oilcakes are generally known to contain higher
nutrient concentrations especially nitrogen (5.20 % N and 0.77 % P) than manure (0.50 % N
and 0.06 % P) (Opoku, 2011).

Vii. Cattle Manure

The beneficial effect of manure on soil fertility is well documented (Snapp et al.,
1998). The use of animal manure is a technology for enhancing SOM on smallholder farms,
having a high propensity of raising crop yield in the short term and soil fertility in the
medium term. The ease of adoption of animal manure use is high due to the low competition
for arable land and the labour required (Snapp et al., 1998).

There are several kinds of animal manures used by farmers in Ghana, however,
poultry manure and cattle manure are the two most common types. Out of these two
manures, cattle manure has a relatively low nutrient content (1.20 % N, 0.07 % P, 0.09 % K,
0.25 % Ca and 0.08 % Mg) as compared to poultry manure (2.20 % N, 0.77 % P, 0.91 % K,
1.70 % Ca and 0.42 % Mg) (FAO, 2005). Despite the relatively low nutrient content of cattle
manure, a report by SRID and Veterinary Services Directorate (2015) indicated that the trend
of cattle production has been increasing steadily over the years, that is, from 1,438,000 in
2009 to 1,657,000 in 2014. Ofosu-Budu et al., (2015) reported that the estimated total wet
and dry cattle manure produced in Ghana in 2008 were 22.8 million and 2.9 million tonnes,
respectively.

Cattle manure is an affordable and valuable organic resource, as it contains some
quantities of macro and micronutrients necessary for crop growth (Akila and
Ramasubramanian, 2015). However, overproduction of this waste has resulted in
inappropriate disposal methods such as the indiscriminate and inappropriately application to
agricultural lands (Lazcano et al., 2008). This therefore signifies the importance of applying
manure to crops and therefore the need to improve its value for crop production. This is
necessary because the application of cattle manure to farmland is an economically and
environmentally sustainable mechanism for increasing crop production, as it produces about
one-third less the greenhouse gases emitted into the atmosphere. It is also an excellent soil
amendment that is capable of increasing the quality of soils.

viii. = Rock Phosphate

Rock phosphate (RP) is a tri-calcium phosphate compound (agro-mineral);
[Ca3(PO4)2]3.CaCO3 which is insoluble in water (Sharif et al., 2011) and whose P is not
readily available to plants (Brady 1980; Das 2005). According to Khan and Sharif (2012), it
is the main raw material used in the manufacture of chemical phosphatic fertilizers, for
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example, single superphosphate and triple superphosphate, by mostly treating the rock
phosphate with sulphuric acid (H,SOy,).

Research has proven that composting animal manure and crop residues with rock
phosphate enhances the dissolution of rock phosphate (Singh and Amberger, 1991). It is
therefore widely practiced as a low-input technology to improve the fertilizer value of
organic manure (Mahimairaja et al., 1995). For instance, Rashid et al. (2004) observed that
the enrichment of manures with P by composting rock phosphate with organic materials,
produced several beneficial organic acids during composting. Some of these acids are acetic,
citric, fumaric, gluconic, oxalic and succinic acids. The afore-mentioned authors also alluded
that the acids were either from chemical reactions or soil microbial activities. The high
calcium concentration of rock phosphate (24 — 33 %) gives it an added advantage of
increasing soil pH and cation exchange capacity, with its resultant increases in crop yield
(Zin et al., 2005).

ix. Enhancing the Fertilizer Value of Agricultural Residues and Wastes

Cattle manure is noted for its low N contents as compared to other sources of farm
manure (Ewusi-Mensah, 2009; Fening et al., 2010). According to Palm et al., (1997),
manures with less than 2.5 % N are of low quality. The quality of manure therefore refers to
its ability to improve soil properties and crop yield (Kimani and Lekasi, 2004; Opoku, 2011).
In view of this, several researchers have sought for ways of improving the quality of
manures. Different management categories of handling organic resources have been
suggested by Palm et al., (1997; 2001) as presented in Figure 2.

Input Incorporate directly
> Yes with annual crops CATEGORY 1
Yes Lignin <15% N
Phenol <4% No fix wit L ertilizer or
o™ high quality materials CATEGORY 2

%N >2.5

Yes Mix with fertilizer or
No add to compost
Lignin <15%

CATEGORY 3

No Surface apply for

crosion CATEGORY 4
and water control

Figure 2: A decision tree guiding the use of organic resources in agriculture. (Source: Palm et al., 2001)

Composting is an environmentally friendly way of increasing food productivity
(Akila and Ramasubramanian, 2015). According to Hoyos et al., (2002) as indicated in
equation 1, composting is a biochemical process which involves the biological degradation
of organic materials, producing organic and inorganic by-products and heat energy.
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Organic microbes

Biodegradable + O,

— Stabilized Organic + Microbial + CO, + H,O + Heat
Residue Residue Biomass
[Equation 1]

Composting is an environmental remediation process and aids in closing the natural
loop by returning lost nutrients back to the soil. It is a sustainable waste management option.
Co-composting manure and other organic resource materials with complementary
characteristics have been suggested as an effective way of improving the quality of manure
(Opoku, 2011). Sanginga and Woomer (2009) termed this as fortified composting as it
involves the co-composting of inorganic fertilizers, agro-minerals, manures and crop residues
to produce a high-quality organic fertilizer. Due to the high nutrient concentrations of
oilcakes, Roy et al,. (2006) suggested composting of manure with oilcakes as an innovative
way of improving its quality. Kolade et al., (2006) and Opoku (2011) also observed positive
results by co-composting oilcakes with manure. Other ways by which the value of manure
have been improved are co-composting the manure with inorganic fertilizers (Dalzell et al.,
1987; Sanginga and Woomer, 2009; Maheshwari et al., 2014), agro-minerals (Dalzell et al.,
1987; Singh and Amberger, 1991; Sanginga and Woomer, 2009) and crop residues
(Mahimairaja et al., 1995; Ewusi-Mensah, 2009; Fening et al., 2010). Some of the nutrient
characteristics obtained from several studies as a result of improving the fertilizer value of
manure are summarized in Table 2. One notable study to improve the quality of cattle
manure was conducted by Essel et al., (2021). From the authors, the addition of palm kernel
cake, cocoa pod husk and rock phosphate to cattle manure increased the nitrogen, phosphorus
and potassium contents of cattle manure by 73 %, 145 % and 50 %, respectively. The study
by Essel et al., (2021) also revealed that such organic material combination to cattle manure
also increased maize grain yields.

x.  Effects Of Compost Application on Soil Quality

There have been numerous definitions of soil quality since Warkentin and Fletcher
(1977) introduced the term. However, the most comprehensive definition of soil quality to
date was published by the Soil Science Society of America’s Ad Hoc Committee on Soil
Quality (S-581) as “the capacity of a specific kind of soil to function, within natural or
managed ecosystem boundaries, to sustain plant and animal productivity, maintain or
enhance water and air quality, and support human health and habitation” (Karlen et al., 1997).

Soil quality indicators are used to evaluate the functional state of soils; however, it is
sometimes difficult to quantify (Fuentes et al., 2009). It involves an integration of
interpretable qualitative and quantitative soil biological, physical and chemical properties that
correlate well with ecosystem processes and are responsive to management and climate
(Doran and Parkin, 1996). The use of organic amendments such as organic manures and
composts are noted to contribute significant proportion of nutrients to the soil when applied at
the proper rate and appropriate time to synchronize with nutrient release and leave a lasting
effect on the soil after the year of amendment application. Several authors have reported the
ameliorating effects of organic amendments and compost on soil quality (eg. Okalebo et al.,
2004; Liza et al., 2014). These have been reviewed in the subsequent sections.
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Table 2: Chemical characteristics of some organic resource materials with their resultant compost.

Organic  resource/  waste/ Total Total Total C:N Reference
compost N(@%) P K ratio
(%) (%)
Palm kernel cake (PKC) 2.88 060 0.19 33 Kolade et al. (2006)
Goat manure (GM) 3.62 0.51 0.18 21
Poultry manure (PM) 2.83 329 0.16 28
PKC + PM (3:1) compost 3.52 0.19 028 23
PKC + GM (3:1) compost 4.63 020 0.15 17
Cattle manure (CM) 0.72 0.26 0.39 28 Ewusi—
Mensah(2009)

(S+MS):CM (1:1) compost 1.46 0.31 1.26 23
(S+MS): CM (2:1) compost 1.10 0.28 0.68 30

Chromolaena odorata 2.46 0.42 256 15 Quansah et al.
(2001); Fening et al.
(2005)

Cattle manure 0.72 0.26 039 28

(CO+S+MS):CM(1:1compost) 1.46 0.31 1.26 23 Fening et al. (2010)

(CO+S+MS):CM(2:1compost) 1.10 0.28 0.68 30 Fening et al. (2010)

FYM 2.01 1.87 1.70 ND Qureshi et al. (2014)

Pressmud 1.70 2.04 0.80 ND

Poultry manure 1.87 1.35 205 ND

Green manure 2.05 0.99 245 ND

Rock phosphate ND 0.13 ND ND

Compost 2.50 2.89 1.93 18

Poultry manure (PM) 2.45 2.05 039 5 Kayode et al. (2015)

Neem leaf (NL) 2.16 0.23 238 6

Cocoa pod husk (CPH) 1.49 0.17 3776 15

CPH + PM (3: 1 compost) 2.06 0.82 1.28 ND

CPH + NL (3: 1 compost) 1.99 0.65 1.04 ND

CPH+PM+NL(3:1:1 compost)  2.33 1.17 146 ND

PKC: Palm kernel cake, S: Stylosanthes guinensis (biomass); MS: Maize stover; CM: Cattle manure; CO:
Chromolaena odorata; PM: Poultry manure; GM: Goat manure; NL: Neem leaf; CPH: Cocoa pod husk, ND:
Not determined

xi.  Physical Soil Properties

Organic amendments usually have significant effects on soil physical properties in
the long term. They can positively influence the moisture contents in the top and sub-soil
layers (Venugopalan and Tarhalkar, 2003). Similarly, continuous cultivation of crops on the
same land results in a reduction of soil organic carbon and soil physical properties (Jat et al.,
2015). Also, long-term addition of organic matter to the soil is known to improve soil
porosity, whiles decreasing the bulk density of soils (Maltas et al., 2018). Low soil bulk
density is of great importance in agriculture as it creates favourable conditions for the proper
growth of crops. Bulk density commonly defined as the mass per unit volume of soil
(Chaudhari et al., 2013) is a very important physical soil property. The bulk density of the
soil is mostly determined by the management practices and can either cause a hindrance to
root penetration or more porous conditions for root growth. According to Landon (2014),
there is a very high tendency for bulk density to increase with depth, as the effects of
cultivation and organic matter content increase. The ideal bulk density for sandy and sandy
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loam soils range between 1.20 and 1.6 Mg/m3, whereas the bulk density of compacted soils
exceeds 2 Mg/m3 (Landon, 2014).

xii.  Chemical Soil Properties

The application of organic amendments has been reported to have significant impact
on soil chemical properties by several authors. Dhull et al., (2004) reported an increase in soil
C, N, P and microbial biomass carbon after the application of organic amendments. The
application of compost to soils is a means of improving soil fertility and enhancing soil
carbon sequestration (Ganunga et al., 1998). It acts as a long-term reserve and a slow-release
source of soil nutrients (N, P, K) (Sullivan et al., 2002) whiles promoting stable soil
aggregates with residual fertilizing effects for subsequent crops (Kolade et al., 2006). Organic
amendments have the potential of increasing soil organic C, N and P (Venugopalan and
Tarhalkar, 2003).

Soil pH is a major determinant of soil nutrient availability. Soils with very acidic pH
usually have adverse effects on crop growth as it depresses the activities of beneficial
microbes. Soil with low pH also have a low available P content and hence have a high
tendency of causing P fixation. The application of composts to soils can increase or decrease
soil pH (Crecchio et al., 2001). However, this depends on the pH of the compost applied as
well as the initial pH of the soil before planting. The application of organic manures to soil
leads to the production of organic anions during decomposition which consequently causes an
increase in soil pH due to the removal of associated protons in the soil (Whalen et al., 2000).
Fischer and Glaser (2012) reported that the application of organic amendments is expected to
improve soil pH, however, in a few cases, a decrement in soil pH was observed after compost
application.

Soil organic matter (SOM) is also an important source of nutrient elements,
particularly nitrogen. Omotayo and Chukwuka (2009) reported that, the application of
organic amendments to soils can lead to increased SOM content over the long term. This is
due to the slow formation of SOM (Jat et al., 2015). Comparing the residual nutrients left in
the soil after the application of manure to compost, Eghball (2002) reported that composts
have a greater potential of sequestering carbon than manures. This was evident in the over 36
% of applied compost being left in the soil after a four-year period as compared to the 25 %
of the applied manure remaining after the four years.

xiii.  Biological Soil Properties

The effects of organic amendments on biological soil properties are mostly
determined by measuring the microbial biomass content of soil (Logah, 2009; Also, 2014).
According to Logah (2009), microbial biomass is very instrumental in assessing the
degradation of SOM, leading to a consequent release of nutrients for crop growth. Soil
microbial biomass is a living component of SOM, serving as a transformative agent for added
and native organic matter and acts as a labile reservoir for plant available N, P and S
(Jenkinson and Ladd, 1981; Logah, 2009). Its importance as a vital source and sink of plant
nutrients makes it one of the main determinants of soil fertility (Logah et al., 2010).
Microbial biomass constitutes fungi, bacteria and other microbiota (Goyal et al., 1992) and
plays an important function in soil biochemical processes which contributes to soil health and
quality improvement (Belay et al., 2002). Although, microbial biomass contributes
substantial nutrients in the soil, soil microbial biomass carbon (Cmic) constitutes 1 — 3 % of
the total soil carbon whereas microbial biomass nitrogen (Nmic) constitutes up to 5 % of the
total soil N (Jenkinson and Ladd, 1981).
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Soil microbial biomass is generally influenced by soil physico-chemical properties
(Amaral and Abelho, 2016) as well as variations in soil moisture, temperature, organic matter
and nutrient supply (Logah, 2009; Logah et al., 2010). Reports by Shannon et al., (2002) and
Logah (2009) indicate that carbon-rich residues, serving as a source of energy for microbial
growth under organic amendments results in higher soil microbial biomass carbon as
compared to conventionally managed plots. In another research, Logah et al. (2010) observed
a higher Cmic in the 2007 major season of a three-season field experiment. The
aforementioned authors ascribed the increase in Cmic to the cumulative impact of the
amendments and crop residues left on the field after previous seasonal harvests. The residual
effect of the residues and amendments contributed to an extra energy source, which caused
microbial build-up even in plots where no amendment was applied in subsequent seasons. In
a more recent study by Issoufa et al., (2018) in Niger, Cmic increased with increasing rates of
compost application, which was attributable to the accumulation of organic matter with its
consequent stimulation of the growth of indigenous soil microbiota.

In the case of microbial biomass phosphorus (Pmic), several researches have reported
a higher and significant influence of integrated nutrient application on microbial biomass
phosphorus compared to sole nutrient application and control treatments with no amendments
(Logah et al., 2010; Also, 2014; Issoufa et al., 2018). For instance, Logah et al., (2010)
recorded a Pmic range of -39.62 to 120.23 mg P/kg soil) in the 2007 major cropping season
of a 3-year field experiment on a Ferric Acrisol in Ghana.

CONCLUSION AND RECOMMENDATION

The review summarized the nutrient composition of common agricultural residues in
farmers’ fields and their potential to improve the low quality of cattle manure. The review
highlighted that, Ghana, like many other countries in Africa, has been facing an escalating
soil fertility crisis over decades with predicted losses of 35 kg/ha, 4 kg/ha and 20 kg/ha N, P
and K annually. Thus, in order to feed the ever-increasing human population, there is the
need to replenish soil fertility. One of the environmentally sustainable ways that was
recommended to improve soil fertility, was to explore the use of crop residues for improving
the quality of cattle manure. It was observed that most of the agricultural residues produced
on-farm are underutilized despite the fact that they have potentially available plant macro and
micronutrients. The beneficial effects of manure on soil fertility are well documented,
however, among the two most common types of organic manures (poultry manure and cattle
manure) used by farmers in Ghana, cattle manure is noted for its relatively low nutrient
content. Diverse approaches for enhancing the fertilizer value of manure have been
suggested; such as composting with inorganic fertilizers, agro-minerals and crop residues.
Since agriculture is known to be the backbone of most developing economies, this review
recommends the need to extensively explore the potential of other commonly available
organic resource materials for their efficacy to improve the fertilizer value of cattle manure.
This will be an environmentally sustainable way of improving soil fertility, increase crop
yields and consequently enhance food security.
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