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ABSTRACT 
 
The continued decline in soil fertility, high fertilizer costs and the need to implement 
environmental friendly agricultural systems are some of the world’s major strategic 
concerns. Soil microorganisms are part of the soil ecosystem and are reported to contribute 
in soil fertility improvement. This paper is aimed at highlighting their contributions in 
alleviating soil fertility decline. The Rhizobium/legume symbiosis, a well known association 
contributes substantial amounts of biologically fixed nitrogen to cropping systems and 
significant benefits on yields of crops that follow in rotation. Soil microorganisms such as 
bacteria and fungi contribute to plant phosphorus nutrition through solubilization of 
sparingly soluble Al, Fe and Ca phosphates, and mineralization of phosphorus from organic 
substances. Solubilization is mainly achieved through production of organic acids, chelation 
and ligand exchange, and other pH lowering mechanisms whereas mineralization is 
achieved through production of enzymes such as phytases and phosphatases. Mycorrhizal 
associations are reported to contribute to plant phosphorus nutrition through increasing root 
surface area for soil exploration, production of phosphorus solubilizing enzymes and acids. 
Mycorrhizal fungi and bacteria also solubilize other nutrients such zinc, copper, potassium 
and calcium from their precipitated or sparingly soluble forms. Microorganisms also 
contribute to soil fertility improvement through their roles in composting. They are currently 
isolated, studied and packaged as biofertilizers and used to supplement chemical fertilizers. 
It can be noted that thorough exploitation of microbial activities can contribute to balanced 
plant nutrition. However, poor soil management practices limit realization of potential 
benefits from soil microorganisms whereas biofertilizer technology development in 
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developing countries such as Sub-Saharan African countries is derailed because of lack of 
awareness, infrastructure and human capacity. From this study it can be noted that 
intensifying soil management practices that maximize microbial activities can go a long way 
in improving soil fertility with minimal use of chemical fertilizers. On the other hand there is 
a need to improve both human and infrastructure capacity in poor countries such as those 
in Sub-Saharan Africa so as to manage research in biofertilizer technologies. Awareness 
and dissemination of information on the importance of biofertilizers, intensifying effective 
microbial inoculation where it deemed to give good response and systematic evaluation of 
economic viability of biofertilizer technologies are other areas that need to be addressed. 
 

 
Keywords: Soil microorganisms; biofertilizers; nitrogen fixation; mycorrhizae; soil fertility; 

composting.  

 
1. INTRODUCTION 
 
Soil fertility decline is also described as soil productivity decline and is defined as a 
deterioration of chemical, physical and biological soil properties [1]. The major processes 
that contribute to soil fertility decline include soil erosion, decline in soil organic matter and 
biological activity, degradation of soil structure and loss of other soil physical qualities, 
reduction in availability of major nutrients (N, P, K) and micronutrients, and increase in 
toxicity due to acidification and pollution [1,2]. However, both over- and under-application of 
chemical fertilizers and poor soil management practices have lead to degradation of the soil 
and environment in general [3]. In the developed countries concerns are mostly associated 
with over application of fertilizer that lead to negative effects to the environments such as 
ground water nitrate contamination and eutrophication in water bodies [4,5,6]. On the other 
hand, in the developing countries there is nutrient mining due to under-replenishment of 
nutrients and poor management of organic resources [3,7,8]. The problem of nutrient 
depletion is quite huge in Sub-Saharan Africa (SSA) with earlier studies indicating Kenya, 
Malawi, Burundi, Ethiopia, Lesotho and Rwanda as countries most affected [9,10]. On 
average 22 kg of nitrogen (N), 2.5 kg of phosphorus (P) and 15 kg of potassium were 
reported to be lost annually per hectare of cultivated land in SSA [9]. World Bank [11] 
indicated a net loss of 700 kg N, 100 kg P and 450 kg K per ha in about 100 million hectares 
of cultivated land. The decline in soil fertility is a widespread limitation in yield improvement 
in many maize based-cropping systems throughout East and Southern Africa [12,13] with N 
and P in most soils of the humid and subhumid tropical areas reported to be the common 
limiting nutrients to crop growth [14,15]. Low soil fertility is considered as a major factor 
contributing to low soil productivity, food insecurity and source of inefficiency in the returns to 
inputs such as fertilizers, improved seed, labour and management committed to smallholder 
farms in SSA [16,17].  
 
Nutrient depletion can be controlled through a number of ways including nutrient 
replenishment by applying inorganic fertilizers and organic amendments such as crop 
residues, animal manure and composts. However, high costs of inorganic fertilizers are a 
huge challenge for the developing countries [11,18] whereas the worldwide concern on 
environmental quality is another factor that needs consideration in planning a sustainable 
agricultural production. The incorporation of farm yard manure, crop residue and composts 
also faces a challenge of quality or limited amount of nutrients returned to the soil [19,20]. 
These challenges call for holistic approaches that will provide nutrients for plant growth in a 
sustainable manner. Integrated nutrient management approach and exploitation of soil 
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microorganisms are some of the important ways that are being researched upon. This paper 
is not intended to promote any farming system but to highlight the benefits and potentials of 
exploitating soil microorganisms for soil fertility improvement. Soil microorganisms include 
bacteria, fungi, and actinomycetes. Other micro-, meso- and macrofauna such as protozoa 
and earthworms also have very important roles in soil ecology and soil fertility improvement 
[4,21].   
 
The beneficial functions of soil microorganisms include release of plant nutrients such as P, 
K and Zn from insoluble inorganic forms  [22,23,24]; decomposition of organic residues and 
release of nutrients [4,25,26]; formation of beneficial soil humus by decomposing organic 
residues and through synthesis of new compounds [21,27]; production of plant growth 
promoting compounds [25,28,29,30]; improvement of plant nutrition through symbiotic or 
mutualistic relationships such as Rhizobium/legume association and mycorrhizal association 
that lead to biological nitrogen fixation and enhanced P uptake respectively [4,21,27]; 
improvement of soil aggregation, aeration and infiltration [4]; have antagonistic actions 
against insects, plant pathogens  and weeds (biocontrol) and help in pesticide degradation 
[25]. The benefits of soil microorganisms are realized through soil management practices or 
cropping systems (for example crop rotation, intercropping, application of organic resources) 
that maximize their activities in their soil habitat [31], composting and application of effective 
microorganisms as inoculants or biofertilizers [32].  
 
The paper highlights how important roles of soil microorganisms are exploited in efforts to 
enhance soil fertility. Although other authors reported in a good number of papers in specific 
areas [33,34,35,36,37], this paper gives an overview of the concept of biofertilizer, the 
process of biological nitrogen fixation and its benefits, mycorrhizal association and its role in 
soil fertility enhancement, microbial solubilization of phosphorus and other nutrients, role of 
microorganisms in composting and challenges that are encountered in exploiting microbial 
functions. 
 

2. THE CONCEPT OF BIOFERTILIZERS 
 
The concept of biofertilizer is still new in such that there is no single agreed definition [34]. 
Usually biofertilizers are considered as low cost renewable sources of plant nutrients which 
supplement chemical fertilizers [34]. This definition looks rather too broad and to differentiate 
with other organic inputs, recently it has been proposed that biofertilizers be defined as 
substances that contain living microorganisms which colonize the rhizosphere or the interior 
of the plant and promote growth by increasing the availability of nutrients to the target crop, 
when applied to seed, plant surface, or soil [34,38,39]. Biofertilizers enhance nutrient 
availability to plants through processes such as biological nitrogen fixation, and solubilization 
of P, K, S [24,39,40]  and micronutrient elements (including Zn and Fe) [23,41]. They can 
also be used to hasten decomposition processes during compositing [42]. Microbes that 
produce hormones and anti-metabolites and promote root growth are also considered to 
carry a biofertilizer function [34]. Examples of microorganisms that are used as biofertilizers 
include bacteria (Rhizobium, Bradyrhizobium, Azospirillum, Azobacter, Bacillus, and 
Pseudomonas species) and fungal species such as those of mycorrhizal fungi, Penecillium, 
Chaetomium and Trichoderma [34,38]. Some details on how biofertilizers work are included 
in the sections that follow. These microbes can be isolated from rhizospheres of legumes, 
their wild relatives or other plant species, cultured in a laboratory and packaged with some 
carrier material to be used as inoculants or biofertilizers [34,43,44]. Isolation and 
identification of the effective biofertilizer microorganisms are achieved through traditional 
cultural techniques such as serial dilutions and plating [34,45,46], morphological, 
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biochemical and molecular techniques such 16S rRNA and rDNA sequencing methods 
[45,47,48,49]. The biofertilizer microorganisms that are applied to seeds are commonly 
mixed with carrier materials. Carriers commonly used are sticky materials that are non-toxic 
to the microbes and seeds and these include gum arabic, methylcellulose, sucrose solutions 
and vegetable oils [34]. 
 

3. BIOLOGICAL NITROGEN FIXATION 
 
Nitrogen is the most critical nutrient element needed in the largest amounts and commonly 
limiting plant growth [20,50]. Although nitrogen is the most limiting plant nutrient, there is a 
lot of it in the atmosphere constituting 78% of the air and is in a form of dinitrogen (N2) gas 
with a strong triple bond that makes it inert and unavailable for plant uptake [51]. The only 
cheaper way through which N2 is converted to available forms is through biological nitrogen 
fixation (BNF). Biological nitrogen fixation is a biochemical process that converts N2 gas of 
the atmosphere to reactive N, ammonia (NH3) that becomes available to all forms of life 
through the N cycle [4,21]. It is catalyzed by a biological catalyst called nitrogenase that is 
commonly produced only by certain microorganisms including several species of Rhizobium, 
actinomycetes and cyanobacteria [4]. These organisms fix nitrogen in a symbiotic or 
mutualistic relationship with plants. The common mutualistic relationship is the association 
between rhizobia and roots of legume plants where N2 is converted to NH3 in the legume 
plant nodules. The biochemistry of BNF is well illustrated by Giller [52] and Cheng [53]. 
 
The terminology of rhizobia is broadly used to refer to special microorganisms that can form 
symbiotic relationship of legumes resulting in BNF. There are many genera of rhizobia 
including Allorhizobium, Azorhizobium, Bradyrhizobium, Mesorhizobium, Rhizobium and 
Sinorhizobium [21,52]. In most soils there are indigenous rhizobial species that nodulate 
legumes and their efficiency depends on compatibility of the legume and the rhizobial 
species, and the environmental factors such as soil pH, soil temperature, soil moisture, and 
availability of other plant nutrients such as P and Molybenum (Mo) [4,54]. 
 
The NH3 produced in this interaction benefits the plant as it is assimilated into various 
compounds while the Rhizobium microsymbiont benefits from the protected environment and 
the supply of photosynthates [21]. Significant amounts of N are fixed in mutualistic 
relationships between Rhizobium and roots of legumes [4,21,52,55]. Table 1 illustrates 
estimated amounts (by different methods) of N fixed by different grain legumes. 
 
The substantial soil fertility benefits of BNF are mainly through the residues that are 
incorporated in the soil for the growth of the crops such as cereals grown in rotation with the 
legume [56,57]. Several studies have shown positive residual effects (improved soil fertility 
and increased yields) attributed to BNF [56,57,58,59,60,61,62,63,64]. 
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Table 1. Estimates of the amount of nitrogen biologically fixed by some grain legume 
(Modified from [52]) 

 

Grain legume N fixed 
Kg ha-

1
 

Time 
period 
(days) 

Country Method 

Groundnuts (Arachis hypogea) 152 – 189 118 - 137 India NA/Diff 
 101 - Ghana Diff 
Pigeon pea (Cajanus cajan) 150 – 166 - India ID 
 13 – 163 120 Malawi NA 
Chickpea (Cicer arietinum) 67 – 85 170 Australia NA 
 35 – 80

C
 - Nepal NA 

Soybean (Glycine max) 85 – 154 110 Brazil ID 
 15 – 170 - Nepal NA 
Common bean (Phaseolus vulgaris) 25 – 65 60 - 90 Brazil ID 
 8 – 26

C
 75 Tanzania ID 

Cowpea (Vigna unguiculata) 9 – 51 110 Brazil  ID 

 47 – 105 66 Nigeria ID/Diff 
All legumes were planted with small amounts of N-fertilizers and generally adequate amounts of 
phosphorus were applied; ID means 15N Isotope dilution; NA means 15N Natural abundance; Diff 
stand for N difference; 

C
 Measurements in experiments on farmers’ fields or in farmers’ crop. 

 
 
4. PHOSPHORUS SOLUBILIZATION BY BACTERIA AND FUNGI  
 
Phosphorus is the common limiting major nutrient element after nitrogen. It is a component 
of key molecules such as nucleic acids, phospholids, sugar phosphates, proteins and energy 
rich adenosine triphosphate (ATP) in plants and other organisms [4,21,65]. It is associated 
with vital functions such as root development, stalk and stem strength, flower and seed 
formation, crop maturity, nitrogen fixation in legumes, crop quality and resistance to diseases 
[4,33,55]. Phosphorus is taken up in the form of orthophosphate. However, it is less 
available for plant uptake because the inorganic P is easily fixed by the Al, Fe and Mn oxides 
in predominantly acidic soils and precipitated by Ca in alkaline soils [4, 66]. Organic P forms 
(inositol phosphate, phospholipids, nucleic acids) contribute a large amount of soil P [67]. 
Yadav and Tarafdar [68] reported that 68% of organic P is present as phytin which is not 
directly available to plants.   
 
Microorganisms play critical roles in soil P dynamics including mineralization and 
immobilization of organic P. The positive influences of soil microorganisms are on 
mineralization of organic P and solubilization of P from its fixed or precipitated forms 
including P from rock phosphate [48,67,69,70,71]. Microorganisms that are commonly 
involved in P solubilization and mineralization are bacteria and fungi [33,67]. Bacteria 
commonly reported for P solubilizing ability include species of Pseudomonas, Bacillus, 
Rhizobium, Enterobacter, Arthrobacter, Serratia, Rhodococcus, Phyllobacterium, 
Flavobacterium, Aerobacter and Azospirillum [33,43,48,72]. Fungi commonly reported to 
effectively solubilizing phosphorus include species of Aspergillus (candidus, niger, 
parasiticus, rugulosus, terreus), Penecillium, Pseudeurotium, Trichoderma and some 
mycorrhizal fungi [34,73]. 
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Microorganisms solubilize P through production of low molecular weight organic acids in 
which hydroxyl and carboxyl groups chelate cations that are associated with complexed 
forms of P (Ca, Al and Fe) thus rendering phosphate soluble in both basic and acid soils 
[33,46,67,73] or through ligand exchange [74] and directly dissolve mineral phosphates from 
Al-P and Fe-P complexes as a result of anion exchange of PO4

3-
 with acid anion [67,75]. The 

organic acids and proton release mechanisms by microorganisms also decrease the pH in 
basic soils and thus solubilize P from the calcium phosphate (Ca-P) [33,67]. Substantial 
amounts of P solubilized by some selected microbial species/strains as reported by a 
number of authors are presented in Table 2. 
 

Table 2. Some amounts of P solubilized by selected species of microorganism 
 
Amount of P 
solubilized 
(mg/L) 

Microbial species/strains Mechanism References 

524 Acinetobacter sp. (BR-25) Decrease in pH observed 
suggesting production of 
organic acids 

[76] 

519.7 Arthrobacter sp. (CC BC03 Production of organic acids 
(citric acid and lactic acid) 

[48] 

479 Pantoea sp. Production of organic acids; 
phosphatase activity noted  

[45] 

421.8 Serratia marcescens (CC-
BC14) 

Production of organic acids 
(citric acid, gluconic acid, 
succinic acid, lactic acid) 

[48] 

400 Aspergillus niger Production of organic acids [44] 
395 Klebsiella sp.(BR-15) Decrease in pH observed 

suggesting production of 
organic acids 

[76] 

336.2 Bacterial strain (TSP-B4) Production organic acid; 
phosphatase activity noted 

[45] 

293 Enterobacter cloacae Production of organic acids; 
phosphatase activity noted 

[45] 

289.8 Chryseobacterium sp. Production organic acids 
(citric acid) 

[48] 

211 Bacillus sp. (AF507879) Production of acids; 
phosphatase activity noted 

[77] 

206 Enterobacter sp. (BR-26) Decrease in pH observed 
suggesting production of 
organic acids 

[76] 

179.9 Pantoea ananatis 
(AF364846.1) 

Production of acids; 
phosphatase activity noted 

[77] 

167.2 Burkholderia sp. 
(AY224513.1) 

Production of acids; 
phosphatase activity noted 

[77] 

In brackets are accession numbers for the strains 

 
Microorganisms use enzymes such as phosphatases and phytases in hydrolyzing P 
containing organic compounds and release P into the soil solution [72,73,78,79]. Production 
of organic acids and siderophores is also important in influencing release of P from organic 
compounds. Table 3 shows some fungal species that effectively solubilize organic P and 
their efficiencies. 
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Table 3. Efficiency of fungal mat of different fungi to hydrolyze different organic P 
compounds (Adapted from [73]) 

 
Efficiency µg P release * min

-1
 

S. No. Fungal species Phytin Glycerophosphate 

1 Aspergillus candidus 2.72 4.72 
2 Aspergillus niger 1.72 2.46 
3 Aspergillus parasiticus 3.21 5.12 
4 Aspergillus rugulosus 0.98 1.82 
5 Aspergillus terreus 3.09 4.98 
6 Penecillium rubrum 2.16 2.90 
7 Penecillium simplicissimum 2.21 2.99 
8 Pseudeurotium zonatum 2.59 3.62 
9 Trichoderma harzianum 3.54 5.89 
10 Tichoderma viride 3.32 5.46 
 LSD (p<0.05) 0.64 0.71 

*Initial P added 500 ppm either as phytic acid or as Na-glycerophosphate in all the replications 

 

5. MYCORRHIZAL FACILITATED SOIL FERTILITY IMPROVEMENTS 
 
The term mycorrhiza is used to describe symbiotic or mutualistic association between roots 
of plants and fungal hyphae [4,21]. Mycorrhizae exist in diverse morphological, functional 
and evolutionary categories [80]. Recent studies classify mycorrhizae into a number of 
categories including vesicular arbuscular mycorrhizae (VAM) which are also called 
arbuscular mycorrhizae (AM), ectomycorrhizae (ECM), orchid and ericoid mycorrhizae 
[21,81]. Over 82% of higher plants are capable of forming mycorrhizal associations [80] with 
VAM as the most common root fungal associations [81]. The VAM fall under a phylum 
Glomeromycota [82], order Glomales [83] and belong to the group traditionally called 
endomycorrhiza [84]. The vesicular arbuscular name is derived from their morphological 
characteristics that include formation of vesicles for storage of substances and arbuscules 
which are structures for transportation of materials [4,85]. 
 
The mutualistic association between the VAM fungi and plant roots provides the fungi with 
carbon nutrition [86] while the plant obtains many benefits including water and nutrient 
uptake from the soil; and protection from some diseases, weeds, heavy metals and induced 
oxidative tissue stresses [87]. VAM fungi also contribute to soil aggregation and soil 
structure improvement through a network of hyphae and the gluing effect of their 
glycoprotein product, glomalin [88,89]. 
 
The involvement of VAM in plant acquisition of P is its commonest known positive 
contribution in plant nutrition. VAM fungi are also involved in acquisition of other nutrients 
such as N, K, Ca, Cu, Zn and Fe [21,90,91,92]. The external hyphae of VAM was reported to 
deliver up to 80% of plant P, 25% of plant N, 10% of plant K, 25% of plant Zn and 60% of 
plant Cu [36]. More examples of nutrient uptake enhancement by VAM are reported in recent 
studies [87,93,94]. The enhancement of uptake of nutrients such as P, and micronutrients 
improves nitrogen fixation in legumes [87,88]. The process of plant nutrient acquisition 
enhancement by VAM involves different mechanisms. The common mechanism is that VAM 
enhance nutrient acquisition by enabling exploration of a larger soil volume [95,96]. 
Mycorrhizal fungi are also reported to produce organic acids and phosphatase enzymes that 
solubilize sparingly soluble P in forms of Ca, Fe and Al phosphates [96,97,98]. VAM has also 
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shown synergistic interactions with other phosphate solubilizing microorganisms including 
bacteria [71,99]. Table 4 presents effects of mycorrhiza on P uptake. 
 

Table 4. Effects of mycorrhizal inoculation and pH on P concentration in shoot and 
root, and total P uptake of different forage grass species [100] 

 

 P concentration in 
shoot 

P concentration in 
root 

Total P uptake 

 -AM
1
 +AM

1 
 -AM +AM -AM +AM 

 (g/kg) (g/kg) (mg/pot) 

Species       
BB

2
 0.37Bc

3
 1.27Aa 0.44Bab 0.88Aa 0.86Bb 3.60Aa 

BD 0.48Ba 1.05Aab 0.48Ba 0.86Aa 0.91Bb 2.91Aa 
HU 0.47Bab 1.20Aa 0.44Bab 0.92Aa 1.53Ba 3.24Aa 
PM 0.41Bbc 0.89Ab 0.38Bb 0.73Aa 1.29Ba 3.34Aa 
Soil pH       
Low 0.43

4
 0.96

4
 - - 0.07Bc 0.70Ac 

Medium 0.42Ba 1.16Aa 0.45Ba 0.93Aa 1.06Bb 3.42Ab 
High 0.44Ba 1.04Aa 0.42Ba 0.77Ab 2.32Ba 5.70Aa 
Mean 0.43 1.10 0.44 0.85 1.15 3.27 

1 
Treatment: -AM = no mycorrhiza applied, +AM = mycorrhiza applied. 

2 
Abbreviations for grass species: BB = B. Brazantha; BD = B. decumbens; HU = B. humidicola; PM = 

P. maximum. 
3 

Parameters within the same column (lower case) or row (upper case) followed by the same letters are 
not significantly different at 5% level. 
4 

root and shoot samples were mixed for each grass species. 

 

6. CARRIER MATERIALS AND METHODS OF APPLYING BIOFERTILIZERS 
 
Most biofertilizers are prepared as carrier-based inoculants containing effective 
microorganisms [34]. Carrier materials enable easy-handling, long term storage and high 
effectiveness of the biofertilizers [34]. Materials that are usually used as carriers for 
inoculants include peat, coal, composts, farm yard manure, soybean oils, perlite, vermiculite, 
ground rock phosphate and alginate beads, and can be dispersed as powders, slurries, 
granules or liquids [34,101,102]. The common methods of applying inoculants include: 
application to the seed, application to the soil and seedling dipping [34]. Seed inoculation 
involves coating the seeds evenly with an inoculant paste or powder with an adhesive such 
as sucrose solutions, gum Arabic, methylcellulose, vegetable oils and honey [34,103]. The 
seeds are dried in the shade, usually, for less than an hour and planting of the inoculated 
seeds is done within 24 hours [104]. Soil inoculation involves granular or inoculants mixed 
with farm yard manure applied in the furrow alongside the seed [34]. This method is 
considered necessary when legume seeds are planted in hot, dry or adverse weather 
conditions [105]. Seedling dipping is considered when seedlings are transplanted and liquid 
inoculants are used for dipping roots of the seedling [34]. 
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7. ROLE OF MICROORGANISMS IN COMPOSTING 
 
7.1 Involvement of Microorganisms in the Composting Process 
 
Composting is a controlled decomposition of organic residues or waste to a state in which 
the composted material can be safely handled, stored and/or applied to land without adverse 
effects to the environment [106]. It is a process that creates humus like organic materials 
outside the soil by mixing, piling, or otherwise storing organic materials under conditions 
conducive to aerobic decomposition and nutrient conservation [95]. Compost is considered 
as an organic fertilizer as it adds nutrients and organic matter to the soil [107]. 
 
The most important point of emphasis in this section is that composting mainly happens 
because of microbial activities [107]. Microbes decompose organic materials through 
production of various extracellular enzymes such as peptidases, cellulases, hemicellulases 
and pectinases [21,27]. Microbial activities in the compositing process are in turn affected by 
a number of factors including residue/waste composition, for instance cellulose, 
hemicelluloses and lignin contents but also the C/N ratios, and environmental factors such 
as pH, temperature, moisture and aeration. Composting is carried out by both aerobic and 
anaerobic microorganisms but aerobes are known to be efficient decomposers and therefore 
aeration accelerates the process [4]. On the other hand, predominantly anaerobic 
composting is less efficient and leads to production of malodorous compounds such as 
hydrogen sulphide, dimethyl sulphide and dimethyl disulphide [106,108,109].  
 
There are a number of methods of composting including composting in pits, trenches, or 
compost heaps (indore, Bangalore and block methods) [107]. Detailed information on 
processes and methods of composting are presented in a book by Inckel et al. [107]. 
Common features of all these methods are that they undergo stages of temperature change 
and each stage is associated with certain categories of microbial species. The thermophilic 
stages (heating, > 40

o
C) are associated with microbes like thermophilic bacteria (Bacillus 

stearothermophilus, Bacillus informis and subtilis); actinomycetes (Nocardia spp., 
Streptomyces rectus, S. thermofuscus, S. thermovulgaris and Thermomonospora spp.); and 
fungal species (Absidia, Mucor, Thermophilum, Dactylomyces, Talaromyces (Penecillium); 
Basidiomycetes- Coprinus, Aspergillus and Humicola) and mostly fungi dominate the later 
stages when the material remaining is more of recalcitrant cellulose or lignin [4,27,95]. The 
mesophilic stages (20-40ºC) are associated with species of Pseudomonas, Azotobacter, 
Serratia, Azobacter, Azospirillum and Bacillus [110,111]. Efforts are being made to isolate 
and identify some effective microorganisms that can decompose recalcitrant materials at an 
accelerated rate and these can be used as inoculants to composts [111]. Some studies have 
already shown promising results [112,113,114]. Some of the microorganisms that have been 
used as inoculants in composting include Aspergillus niger, Azotobacter chrooccum, 
Stenotrophomonas maltophila, and Scedosporium apiospermium [115]. 
 

7.2 Contributions of Composting to Soil Fertility and Crop Yield 
 
Composting is very beneficial in improving soil properties, crop yields and ensuring clean 
environments [4,116]. Soil fertility and crop yield benefits from both traditional/conventional 
composting and composting with inoculants of specific effective microorganisms have been 
reported by various authors. Increases in wheat yields by 9-25%, and soil carbon and soil N 
by 27% and 13-16% respectively were reported from a 9 year study in Pennsylvania, USA 
due to compost application [117]. Increases in maize yields due to compost have also been 
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reported from other studies [118,119]. Compost inoculated with cellulolytic fungi, 
Trichoderma harzianum and nitrogen fixing bacteria, Azotobacter sp. increased mungbean 
nodulation, plant height and biomass yield by 250, 29 and 86% respectively as compared to 
the control treatment [113]. Inoculation with thermophilic cellulolytic bacterium, Anoxybacillus 
sp. was reported to accelerate degradation of municipal solid waste [37]. A comprehensive 
analysis of several benefits of compost application including nutrient availability 
enhancement, improving soil structure, soil water infiltration and retention capacity, 
increasing soil biodiversity and nutrient cycling, reducing susceptibility to soil erosion and 
suppressing soil borne diseases is presented in a review paper by Amlinger et al. [116]. 
Table 5 presents results of the impacts of compost use on yields of different crops in 
Ethiopia. 
 

Table 5. Average yields by treatment in kg/ha for 9 crops in Tigray, 2000-2006 
inclusive (Adapted from [120]) 

 
Crop type Average yields (kg/ha) 

Check Compost Fertilizer 

Grain  Straw Grain  Straw Grain  Straw 

Barley 1115 2478 2349 4456 1861 3739 
 (n=56) (n=52) (n=57) (n=55) (n=36) (n=35) 
Durum wheat 1228 2342 2494 3823 1692 3413 
 (n=73) (n=67) (n=61) (n=57) (n=48) (n=45) 
Finger millet 1142 2242 2652 4748 1848 3839 
 (n=16) (n=16) (n=14) (n=13) (n=8) (n=7) 
Hanfets 858 2235 1341 3396 1199 2237 
 (n=31) (n=31) (n=31) (n=31) (n=29) (n=29) 
Maize 1760 3531 3748 4957 2900 3858 
 (n=31) (n=20) (n=41) (n=31) (n=25) (n=13) 
Sorghum 1338 2446 2497 3662 2480 4433 
 (n=14) (n=13) (n=11) (n=10) (n=5) (n=5) 
Teff 1151 2471 2143 3801 1683 3515 
 (n=106) (n=94) (n=75) (n=66) (n=71) (n=68) 
Faba bean 1378 2121 2857 4158 2696 3783 
 (n=20) (n=17) (n=23) (n=24) (n=3) (n=3) 
Field pea 1527 1201 1964 1625 0 0 
 (n=9) (n=9) (n=9) (n=9)   

‘hanfets is a mixuture of barley and durum wheat 
(n = number records for each treatment and crop) 

 

8. CHALLENGES FACED IN EXPLOITING SOIL MICROORGANISMS 
 
Many benefits that can be obtained from soil microbial activities are hindered by the failure to 
fully exploit them. There are a number of factors that derail maximization of beneficial 
microbial activities. In some parts of the world including SSA, there is still a challenge as far 
as building soil organic matter stocks is concerned. Apart from climatic factors, there are a 
number of anthropogenic or social factors that affect biological functions and soil productivity 
in general. Use of crop residues as mulch or soil incorporation creates a dilemma for some 
farmers on whether to use them as fodder for animals or soil improvement [121], addition of 
manure faces a challenge of labour and transport costs [122], while other challenges are 
malpractices such as burning of crop residues and uncontrolled movement of livestock that 
destroy crop residues [118]. Therefore these challenges affect soil biodiversity. 
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Microorganisms proliferate in soils with sufficient organic matter as they depend on it as 
substrate [4,25].  
 
Literature shows that there are a number of challenges that are faced in SSA in 
implementing biofertilizers technologies.  This can be attributed to a number of reasons 
including lack of development in this technology and awareness to most of the farmers on 
use of biofertilizers. Opperman [124] noted that in Southern Africa apart from the Republic of 
South Africa, very few farmers use inoculants for soybean and this is attributed to lack of 
awareness and accessibility. Infrastructure and capacity/expertise in soil microbiology is also 
a big challenge in Sub-Saharan Africa where institutions are lacking enough technocrats in 
soil management fields [123]. Recent advances in microbial ecology whereby effective soil 
microorganisms studies are being conducted, the advanced techniques such as isotopic and 
PCR based methods are employed and this may also not be easy in poor countries including 
those in SSA. Chianu et al. [125] noted the following as some of the main challenges faced 
in SSA in the use of inoculants with reference to soybean production: 
 

• Absence or very weak institutions, policy and budgetary support for biotechnology 
research and lack of its integration into wider agricultural and overall development 
objectives in SSA. 

• Limited knowledge of inoculation responses of both promiscuous and specifically 
nodulating soybean varieties as well as the other factors that inhibit BNF, hence a 
weak basis for decision-making on biotechnology issues in SSA. 

• Limited capacity and lack of sustainable investment. 

• Poorly developed marketing channels and infrastructure, and limited involvement of 
the private sector in the distribution of inoculants.  

• Limited farmer awareness about and access to inoculants. 
 

9. CONCLUSIONS AND RECOMMENDATIONS 
 
From this review it is noted that soil microorganisms have a huge contribution in alleviating 
the decline in soil fertility. This is achieved through a number of ways. The commonly 
reported Rhizobium/legume symbiosis contributes substantial amounts of biologically fixed 
nitrogen to cropping systems and significantly benefits crops that follow in rotation. Soil 
microorganisms such as bacteria and fungi contribute to plant phosphorus nutrition through 
solubilization of fixed or precipitated phosphorus from complexes with Al and Fe in acidic 
soils and calcium complexes in alkaline soils. Solubilization is mainly achieved through 
production of organic acids, chelation and ligand exchange, and other pH lowering 
mechanisms. They also contribute to the release of P from organic substances through 
mineralization processes. Mycorrhizal associations are reported to contribute to plant 
phosphorus nutrition through increasing root surface area for soil exploration, production of 
phosphorus solubilizing enzymes and organic acids. Mycorrhizal fungi and bacteria also 
solubilize other nutrients such as zinc, copper, and calcium. Microorganisms also contribute 
to soil fertility improvements through their roles in composting. Soil microorganisms are 
currently isolated, studied and packaged as biofertilizers and used to supplement chemical 
fertilizers. It can be noted that thorough exploitation of microbial activities can contribute to 
balanced fertilization. However, biofertilizers’ technology development in developing 
countries such as Sub-Saharan African countries is derailed because of lack of awareness, 
infrastructure and human capacity. 
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From this review the following can be recommended: 
  

• There is need to encourage and intensify soil management practices that maximizes 
microbial activities. These include crop rotation, intercropping, and application of 
organic resources. 

• There is a need to improve in both human and infrastructure capacity in poor 
countries such as those in Sub-Saharan Africa so as to manage research in 
biofertilizer technologies. 

• Improvement in access, awareness and dissemination of information on the 
importance of biofertilizers is needed. 

• There is need to intensity inoculation with the available inoculants where it deemed 
to give good response. More research with an integrated approach whereby 
effective microorganisms and small doses of inorganic fertilizer need to be 
encouraged. 

• There is need for systematic evaluation of economic viability of biofertilizer 
technologies. 
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