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1.0 Introduction 

Biofertilzers are considered as substances containing 

living microorganisms that provide plants with essential 

nutrients (Mohammadi and Sohrabi, 2012). For instance, for 

plant growth promoters, the action mechanism involves 

colonization of the plant rhizosphere or the entire soil surface, 

hence enhancing the availability of the primary nutrients to 

the plants (Ahhemad and Kibret 2014).  Bio-fertilizers add 

nutrient to the soil through the use of natural processes such 

as nitrogen fixation, mineralization, immobilization or 

phosphorus solubilization (Brahmaprakash, and Sahu, 2012). 

The current farming practices are faced with a lot of 

constraints due to less availability of the primary nutrients in 

the growing media. These challenges are speculated to be due 

the increased usage of the synthetic fertilizers for a long 

period (Venterea et al., 2012). Therefore, the long-term 

benefits of using biofertilizers to promote successful growth 

of plants may be an option for serious consideration. Masha 

et al.(2012), argue that indiscriminate use of inorganic 

compounds have led to pollution, contamination and 

destruction of beneficial micro-organisms in the soil. The cost 

of fertilizers is also increasingly becoming very high, making 

it less affordable to small scale farmers (Taiwo, 2006). This, 

therefore, implies that the use of biofertilizers would be an 

alternative and thus should be adopted to increase yields. 

Importantly, farmers may explore to embrace the aspect of 

integrated plant nutrient management to ensure there is 

sustainability in their productivity. It is also a major focus in 

the today’s world to exploit the existing beneficial  

 

Micro-organism that enhances sustainable crop 

production practices (Shah, et al., 2007). It is evident that 

such micro-organism-based products promote the diversity of 

microbes in the soil that improve soil physiochemical 

properties. Therefore,  this paper  gives  a short  overview  on 

the  potential   use on biofertilizers by  farmers on  different  

crops.  Importantly, the review focuses on the mechanisms of 

different biofertilizer action and stresses the need for its 

adoption as an alternative fertilizer source. 

Microorganisme.g. bacteria such as Pseudomonas, 

Bacillus and Erwinia have been reported to have the ability to 

solubilize the insoluble forms of phosphates such as 

tricalcium and rock phosphates. The activities of these 

bacteria are highly experienced in the plant rhizospheres 

compared to other soil horizons (Durve-Gupta et al., 2016). 

These bacteria also have been reported to produce plant 

growth promoting hormones that also facilitate the process of 

solubilization of nutrients. Treatment of cucumber seeds with 

Pseudomonas resulted into increased growth in terms of the 

fresh and dry weight by 50% compared to the   control of the 

inorganic fertilizer (Mostafa and Abo-Baker, 2010)..  Grain 

yield was also found to increase by 20% when compared with 

other forms of inorganic fertilizers that were used. 

Additionally, these substances have also been found useful in 

reduction of the nematode population in soils.  During 

solubilization, some organic acid is produced which lower the 

pH of the soil (Mostafa and Abo-Baker, 2010).  The acidic 

medium and extrusion of protons act as the principal 

mechanism through which bacteria species use to solubilize 

phosphorus from organic to inorganic form.
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ABSTRACT 

Biofertilzers are substances obtained from living microorganisms with the potential to 

supply crops with useful nutrients. Commonly used Biofertilizers supply nitrogen and 

phosphorus, and these nutrients are the most limiting ones in Sub-Saharan African. 

Nitrogen has a higher leaching capacity and thus more losses are experienced in 

agriculture than what is up-taken by crops for   growth while P sources are getting 

depleted. Despite many soils lacking these elements, the peasant farmers cannot afford 

their high cost. On the other hand, if supplied in higher amounts, lead to pollution of 

ground and surface bodies and eutrophication in the water bodies in the catchment areas. 

Biofertilizers are therefore considered to be eco-friendly and cost effective. These micro-

organisms once inoculated in the soil show different modes of action that promote 

nutrient availability to crops.  These mechanisms include; scavenging for nutrients from 

soil layers, solubilization of some inorganic compounds, and production of growth 

promoting metabolites, decomposition, and fixation of the free nitrogen from the 

atmosphere. However, the use of these biofertilizers has different challenges which may 

contribute for low adoption by farmers. The review therefore seeks to understand mode 

of application, mechanisms of plant uptake and the reasons that dissuade farmers from 

adopting these noble techniques.                                                                         
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  The decrease in pH and production of the organic acid 

have been reported to have a combined effect in 

solubilization of phosphorus (García-Fraile et al., 2015). 

However, the exact population of bacteria responsible for 

solubilizing these compounds has not been established. 

Mycorrhizae mostly denoted as fungus roots are also known 

to act as phosphate absorbers. This is enhanced by the 

formation of a symbiotic association with the roots of the host 

plants (Sadhana, 2014). The fungus benefits by acquiring 

carbon that is released during the photosynthesis while the 

hosts benefits from the most beneficial nutrients such as 

phosphorous and calcium (Maiti, 2011). This is because the 

fungus has fine hyphae that facilities easier scavenging of the 

inaccessible nutrients by plants. The association has been 

found to promote yield in crops by more than 40%. Besides, 

they also enhance the uptake of water in plants (Sane and 

Mehta, 2015). Arbuscular mycorrhiza specifically improved 

the tolerance of heavy metals that are source of toxicity 

among plants. However, this fungus is not beneficial to some 

crops like those from the families of Chenopodiaceae, 

Amaranthaceae, and Brassicaceae. Additionally, its 

commercial utilization has become very difficult due to 

presence of the obligate symbiotic nature.  

2.0 Why the use of Biofertilizers in cropping system? 

Recently, there have been several reports concerning loss 

of major nutrients in the soils (Vitousek et al., 2009, Isbell et 

al., 2013, Bender and Heijden, 2015). The nutrient losses 

have in one way or the other caused the productivity of crops 

to decrease. Consequently, it has become increasingly 

difficult to provide food to the increasing populations in the 

world, particularly in the south (Bommarco et al., 2013).  

 

Figure 1. Flow chart showing the role of biofertilizers in 

transforming agriculture by reducing costs of production, 

environmental impacts due to chemical fertilizer and 

hence in overall improvement of the livelihoods. 

 

This has caused the livelihood of the rural people who 

rely mainly on agriculture to deteriorate further. Importantly, 

the inorganic or chemical fertilizers have also been associated 

with a lot of pollution to the environment (Mekonnen and 

Hoekstra, 2015).   

Therefore, Biofertilizers offer an alternative and 

promising method that can be used to increase agricultural 

productivity. This is because it has long term benefits of 

sustaining   soil fertility unlike synthetic fertilizers 

(Kandiannan, 2015). It has been reported that inorganic 

fertilizers tend to accumulate high levels of salts in the soil 

after use for a long period that lead to depletion of the 

essential nutrients in the soil (Raja, 2013). Furthermore, 

biofertilizer use ensures production with lower cost as 

opposed to chemical fertilizers (Reddy, 2016). Moreover, 

there is expected increased output due to low release and the 

availability of nutrients for uptake by plants. This implies that 

farmers can get better income and thus improving their living 

standards as evident in figure 1. The biological activities in 

the rhizosphere also help other beneficial micro-organism to 

thrive well. This gives them the ability to suppress certain soil 

borne diseases and parasites that affect the health of crops 

(Dames, 2014).  

3.0 Bio-fertilizers’ mode of action  

3.1 Solubilization of phosphates 

Based on comparison on other available plant nutrients in 

the soil, phosphorus has been reported to be less mobile 

regardless of it being a vital amendment (Scholz et al., 2014). 

This condition makes it is a limiting factor in promoting the 

growth and development of crop production.  This has made 

it difficult to several farmers to attain the expected crop 

productivity. Importantly, the production of chemically 

processed form of phosphorous very expensive and thus less 

available to farmers. However, the bioavailability of 

beneficial micro-organism in the soil layers has proved to be 

very vital in farming systems. This is because biofertilizers 

have the potential of making the fixed forms of phosphorous 

available to plants and hence promoting the rate of growth 

(Vassilev et al., 2014) at a cheaper cost. Among the 

rhizosphere genera’s that have been tested for their efficacy 

in phosphorus solubilization include, Pseudomonas, Bacillus, 

Aspergillus and Penicillum (Sharma et al., 2013). Moreover, a 

nematofungus known as   Arthrobotrys oligospora has 

recently been tested in both in vitro and in vivo experiments 

to determine its role in solubilizing different forms of 

phosphorous. It was reported to mobilize the following three 

types of rock phosphates Kodjari, Telemsi and Togolese 

(Pandit et al., 2014). It is also evident that there is a high 

number of phosphorus solubilizing micro-organisms in the 

rhizosphere of the soils. However, the ideal strains of these 

microbes responsible for this particular role have not been 

identified (Pandit et al., 2014).  Importantly, an evaluation of 

micro-organisms that can facilitate phosphorus availability in 

stressed ecological zones is also necessary (Pandit et al., 

2014).  

3.2 Phosphate absorbers  

 Mycorrhiza fungi form symbiotic relationships with the 

rooting system of the host plants. The fungus benefits through 

the carbon released by the plant during photosynthesize 

process. In return the fungus supplies nutrients such as 

phosphorous to the roots that promote their growth. The 

fungus uses its fine absorbing hyphal structures in obtaining 

the nutrients that are not accessible to the roots of the plants 

(Sane & Mehta, 2015). Apart from phosphorous other 

nutrient elements such as copper and calcium are also made 

available to the plants. 

3.3. Fixation of atmospheric nitrogen    

 Strains of rhizobium have widely been reported to have 

the potential of fixing atmospheric nitrogen into forms that 
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are available to plants. They facilitate nodulations of the roots 

of leguminous crops which serves as factories for ammonia. 

This is due to the ability of the rhizobium to resist different 

temperature ranges and thus can colonize different soil layers. 

This fixation is enhanced by the creation of a symbiotic 

association between the host crop and the present bacterial 

strains (Olivares et al., 2013). The nodules formed also 

increase the surface area through which the fixed nitrogen is 

taken up by plants.  

Acetobacter is also another major type of symbiotic 

microorganism that is widely found in sugarcane crops. It has 

the potential to grow inside the roots and stem and thus 

enabling the plant to take up atmospheric nitrogen. 

Acetobacter has also been reported to secrete growth 

substances known as Indole Acetic Acid that stimulate 

growth of roots.  The mode of application can be done either 

through soil treatment or root treatment at the time of 

planting. Its effects in plants are usually visible 5-6 weeks of 

application. This has specifically been used in sugarcane and 

has been shown to increase the size and length of internodes. 

Additionally, it was found to increase yields of sugarcane by 

5-20 tons per hectare and also increase the sugar content in 

the cane stem by 5-15%. However, it has proved to be tough 

to isolate and multiply artificially. This is due to the lack of a 

suitable technique to reproduce it faster in the laboratory and 

thus limiting its commercial usage. 

Microorganisms responsible for mobilizing plant 

nutrients belong to different categories. This makes them 

have different mechanisms that make nutrients available to 

plants. The nitrogen fixing bacteria like the rhizobium have 

been found to increase the plants yield when seeds are 

inoculated. This is due to the raised rhizobia activity, and thus 

more balanced nutrients are made available to the plants. 

Rhizobium is estimated to fix approximately 15-20kg of 

nitrogen per hectare and thus promoting the growth of crops 

(Singh et al., 2015). According to Youssef and Eissa (2014), 

Mucuna seeds, when inoculated with Bradyrhizobium strains 

were found to increase the growth of plants as well as 

reducing the population of weeds in the field. The increasing 

number of the microbial activities may be the reason as to 

why there were fewer plants in the growing field (Youssef 

and Eissa 2014).  This, therefore, indicated that treatment of 

seeds using this particular Bradyrhizobium is beneficial to 

crops. Additionally, when lettuce seeds were inoculated with 

unknown strains of rhizobia, there were an increase was an 

increase of phosphorous concentration by 6% in the growing 

media which resulted in production of high yields. This also 

revealed that biofertilizers have high affinity to mobilize 

nutrient availability among non-leguminous plant species 

(Wang et al., 2015).  However, these studies fail to provide 

the particular strain of Bradyrhizobium that was initially 

inoculated in the seeds. 

The rhizobia ability to fix nitrogen depends more on the 

species of the host plant. This means that the selection of an 

effective strain should be considered to ensure a potential 

biofertilizer. The most common practice of application of the 

rhizobia inoculum is through the use of granules or powder 

form (Tiyagi et al., 2015). However, the success rate is 

dependent upon environmental conditions which illustrate 

that a critical evaluation of the inoculation is required. 

3.4 Azotobacter and Azospirillum  

Azotobacter and Azospirillum are considered to be the 

most important bacteria in non-leguminous crops. These 

micro-organisms initiate various activities in the rhizosphere 

of the plant and thus enhancing nutrient availability 

(Bhardwaj et al., 2014). Importantly, Azotobacter works with 

close association with other nitrogen fixing bacteria like 

Rhizobium that promote the production of siderophores in the 

soil thus enhancing the role of nutrient availability.   When 

sunflower seed was inoculated with Azotobacter at planting, 

there was an increase in the rate of growth and yield. Seed 

inoculation with Azotobacter was reported to increase 

number of green leaves per plant of maize.  Azotobacter also 

produces antifungal antibiotics that help to keep off most of 

the soil borne pathogens. This promotes reduction of root and 

seed mortality and thus increasing the germination percentage 

of crops. However, it is primarily affected by soil 

physiochemical factors such as pH, temperature and soil 

depth. The bacteria also occur in low populations in crop 

plants rhizosphere and also in uncultivated soil (Taiwo, 

2006). Azospirillum has been reported by Habib & Zhagloul, 

(2012) to be an effective source of nutrient to cereals since it 

can add up to 20-40kg N/ha. Therefore, it is recommended for 

crops such as maize, sugarcane, millet, pearl and sorghum. 

According to Bhardwaj et al. (2014), this microorganism was 

observed to change the morphology of the root through the 

production of plant growth regulating compounds. 

Importantly, it develops associative symbiosis with plants that 

have the C4 carboxylic photosynthetic pathways.  The 

sources were found to have more hairs that enhanced active 

uptake of sufficient nutrients and water. This indicates that it 

is very effective in water-stressed crops. When both 

Azotobacter and Azospirillum where inoculated in tomato 

seed, there was    a significant difference in number of leaves, 

height of plants and yield than when they were inoculated 

singly. 

3.5 Blue-green algae 

 The blue-green algae also known as the cyanobacteria 

are also among the most important micro-organisms in 

enriching plant nutrients in poor soils. For instance, they are 

very efficient in fixation of the atmospheric nitrogen in paddy 

fields soils which is a challenge to most farmers 

(Vaishampayan et al., 2001). Additionally, they also secrete 

other growth-promoting substances that make the crops have 

a more vibrant growth. This ensures that plant matures early 

and outdo other challenges such as pests and diseases which 

reduce the cost of production to farmers (Joseph, 2014). 

However, in Kenya, the efficient mode of application of this 

type of bio-manure is yet to be availed. Importantly, most 

farmers have less knowledge on the benefits of blue-green 

algae since they consider it as a weed. Therefore, this makes 

most of the farmers to have low yields due low levels of 

available nutrient to paddy crops especially rice. 

4.0 What is limiting adoption of Biofertilizers? 

4.1 Lack of the effective strain 

Regardless of Biofertilizers having friendly benefits as an 

alternative amendment source to synthetic chemical farmers, 

they have been reported to face various challenges in using 

them.   Most of the Biofertilizers that have been tested for the 

application in farms have given poor results due to the use of 

ineffective strain (Mahdi et al., 2010). This  is due to the 

reason that  some  Biofertilizers  are  genotype-  specific  and 

thus can only  work  well in particular  species  compared to 

others.  For resistance, a specific strain of rhizobium is 

required to form nodulation with a given crop and this implies 

that they have to be compatible to ensure successful results. 

The selected strains should also show a competitive action 

over other strains that are present. Therefore, it is essential 
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that before release of any commercial products it should be 

tested for its efficacy on particular crops from which 

recommendation can be drawn. 

4.2 Inadequate population of micro-organism 

 The performance of the micro-organism depends largely 

on the population that is present in the soil. This is because 

higher number of micro-organisms enhances increased 

activity in the rhizosphere and hence more and fast release of 

nutrients (Herrmann & Lesueur, 2013).   It has been shown 

that there is limited number of these micro-organisms that are 

present in the soil and thus leading to challenges in adopting 

this organic method. This fact illustrates that alternative 

means of supplying more microorganism at friendly costs 

should be encouraged. This has been attributed by the 

inadequate and inexperienced technical experts who are 

available in the field. 

4.3 Ineffective carrier material  

 In spite of the considerate research that has been carried 

out concerning Biofertilizers, the researchers have not come 

up with an effective carrier material for these substances.  

The fact that Biofertilizers tend to have short shelf life the 

most appropriate carrier material is a major constraint (Mahdi 

et al., 2010).  A quality carrier substance should have the 

potential of retaining moisture and be free from toxic 

elements. Importantly, this constrict has made it difficult to 

determine the right application needed for particular strain of 

Biofertilizers. This shows that there is missing knowledge 

concerning the rate of use and thus leading to ignorance by 

most farmers. Therefore, extensive research is required on 

this aspect so that adoption can be enhanced easily. 

4.4 Soil factors 

 Most of the soils that have high levels of acidity and 

alkalinity are also a major challenger to the use of 

Biofertilizers. This is because extremes of these conditions 

hinder growth and multiplication of microbial and thus poor 

performances. It also affects the rate of growth and 

development of the crops in the field which consequently 

affect their rate of production.  High soil temperatures and 

drought are also known to affect the effectiveness of these 

microbes to crops (Taiwo, 2006). Deficiency rates of P and 

Cu and also presence of toxic elements in the soils also have 

detrimental effects on thriving of micro-organism. Therefore, 

this implies that soil testing should be done before 

recommending particular   Biofertilizers product to a certain 

ecological zone. 

4.5 High population of native micro-organism. 

 The native antagonistic micro-organisms hinder the new 

inoculums from establishing in the soil. This is through the 

competition they create and thus making it difficult for newly 

inoculated beneficial strain to show any effects to the crops 

(Rajendra, 2013).  They also compete for the available 

sources of food making the new organisms to starve.  

Therefore, a mechanism on how the inoculum can tolerate the 

competition from other organisms need to be developed 

understood urgently to fill the gap. 

4.6 Mutation of the micro-organism 

During preparation process, most of the Biofertilizers 

micro-organism have been reported to change their genetic 

forms.  This happens mostly in the fermentation phase and 

thus this causes the cost of the production to be extremely 

high (Pandit, 2012). The quality of the products is also altered 

since undesirable changes occur during the preparatory phase.  

This calls upon a comprehensive study to be carried out to 

ensure that these undesirable changes are eliminated and 

enhance efficiency. 

4.7 Poor inoculation methods and lack of quality 

assurance personnel 

 Most of the commercial agents dealing with 

Biofertilizers are not aware of the effective methods of 

inoculation. This misleads many farmers since they use 

wrong methods of application and thus achieve undesirable 

results. Biofertilizers being living organisms should be 

handled with techniques that will enhance their shelf life after 

inoculation (Herrmann & Lesueur, 2013). Importantly, their 

storage should be also technical since extreme temperature 

and humidity   affect their growth. Inappropriate quality 

assurance skill is also big challenge in the industry of 

Biofertilizers. Farmers are given products that are below the 

standards and thus have no positive impact on the growth of 

crops. This makes many farmers to avoid such products and 

thus convincing them again requires a comprehensive prove. 

Therefore, better methods of inoculation and quality 

inoculation are urgent tasks that needed to be developed in 

the field of organic amendments of Biofertilizers. 

4.8 Lack of awareness among farmers  

Farmers have less knowledge concerning this technique 

of organic farming. Lack or poor extension services have led 

to this situation due to lack of connectivity with the farmers 

(Mahdi et al., 2010).  Importantly, research and extension 

have poor linkage and thus developed technologies are less 

disseminated to the local farmers. Therefore, research 

organization should be encourage to work more closely with 

the farmers to facilitate sharing of the new developed 

technologies. 

4.9 Poor availability of insoluble form of phosphates. 

 It also been reported that most of the soil have poor 

availability of phosphate forms to be solubilized (Herrmann 

& Lesueur, 2013). This therefore, makes the micro-organism 

responsible for this role to be inactive.  This means that no 

significant results will be obtained since the nutrients are less 

available to plants. These micro-organisms can be applied in 

the soil through inoculation in seed before planting.  This will 

ensure that the seeds germinate with their enhanced 

mechanism to scavenge for the less available but essential 

nutrients in the soil (Herrmann & Lesueur, 2013).  This is 

also the most commonly used traditional method that has 

promoted   enhancement of nutrient availability in the   poor 

soils. However, this method is associated with weakness such 

as limited number of micro-organisms that can adhere to the 

soil surface. Most of the micro-organisms applied near the 

seeds have a tendency of moving away from the rooting zone 

and thus becoming less ineffective. Additionally, the 

exposure to the environmental stress makes them to have 

undesired effects to the crops. It has also been documented 

that the success rate of these micro-organism in the soil after 

inoculation depends highly on its ability to survive various 

soil factors (Paul Khurana, 2013). Such factors that may 

hinder its performance include physiological status, 

temperature, pH and moisture content. Phosphate solubilizing 

bacteria associated with release of lower molecular weight 

organic acids ("Phosphate Solubilization: Their Mechanism 

Genetics And Application", 2011). Through this process the 

hydroxyl, carboxyl chelate the cations and get bound and thus 

converting phosphate into soluble form. 

5.0 Conclusion 

Biofertilzers are associated with long-term sustainability 

of soil fertility that enhances increased crop yields. The 
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current management practices that are used by farmers as 

source of nutrients are pausing a significant threat to the 

environment through depletion of soil fertility and increasing 

pollution. Therefore, this problem can be solved through 

adoption and applications of the products of Biofertilzers 

extracted through help of potentials micro-organisms. 

Additionally, the modern agricultural practices should  

encourage use  Biofertilzers so as to produce enough food for 

sustaining the world’s increasing populations. This also 

implies that more comprehensive research is required to 

address the current problems associated Biofertilizers 

effectiveness. This will increase the adoption rate of different 

farmers and hence leading to sustainability to crop 

production. Importantly, adoption of this technology to 

cropping system will be an alternative strategy to inorganic 

fertilizers that are associated with detrimental effects in 

productivity of crops due to nutrients depletion. 
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