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ABSTRACT 
 

The long-term use of large quantities of inorganic fertilizer is usually associated with 

environmental problems such as the degradation of soil quality, resulting in the decline of 

agricultural products. Hence, an environmentally benign and relatively inexpensive 

organic fertilizer has been developed.  

This review focuses on response of bio-organic fertilizer based on microorganisms 

(BFM) to environmental variation. A specific objective of this review is to identify the 

BFM - insightful concepts and environmental relationships in agricultural ecosystem. 

Contributors to microbial fertilizer (MF) have led the field in testing and expanding 

concepts in agricultural ecosystem. However, many detailed topics about organic 

fertilizer remain unexplored and underexplored, e.g., BFM in agricultural ecology for 

benefiting ecosystem. These topics include the specific define and composition of BFM, 

resource reuse, benefit responses to flora and fauna, allelopathy, competitive inhibition 

and exclusion. Under the heavy situation of nonpoint source pollution across the world, 

the application of BFM was introduced in this field in preventing the output of excessive 

nutrients in agricultural ecosystem. In this review, the BFM type, development and 

application in the field of controlling nonpoint source pollution in China will be 

summarized briefly.  

Based on the theory of hierarchical eco-restoration, both the decrease of unnecessary 

nutrient inputs and the reuse of natural resource are the primary aims. The development 

BFM is of practical significance in meeting these primary aims, thereby providing a 

beneficial transitional habitat for the restoration of agricultural ecosystem. Overall, the 
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introduction of the BFM will provide a robust insight to expand the current understanding 

of organic fertilizer. 
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1. THE HISTORY FROM MF TO BFM 
 

The prototype of microbial fertilizer is that soil microorganisms were used for enhancing 

agricultural yield due to the benefit of bacteria in the soil. In ancient times, the farmers in 

Rome had found out that the product of rice increased as long as legume plants had been 

planted at the rice-cropland, which resulted from the enrichment of bacteria (Zhuang, 2003). 

In the early 1900s, in order to enhance agricultural products, some U.S. and German farmers 

input the soils that had been planted with legume or alfala plants into some newly reclaimed 

croplands (Crews and Peoples, 2004). In 1838, J. B. Boussingault, a France agricultural 

chemist, found that nitrogen could be fixed by legume plants. He then built the first 

agricultural field experimental station at 1843 and analyzed relevant parameters (Manlay et 

al., 2007). Under the conditions of sand culturing legume plants between 1886 and 1888, H. 

Hellriegal, a German agriculturist, demonstrated that the nitrogen in the air could be fixed as 

long as Rhizobium formed (Fogarty, 1992). A Holland researcher, Mr. M.W. Beijerinck 

successfully isolated Rhizobium in 1888, representing a breakthrough in terms of microbial 

fertilizer (Rodelas et al., 1999).  

From then on, many microbial fertilizer products were widely applied in agriculture 

across the world. The first product of microbial fertilizer based on a kind of soil bacteria was 

sold by a U. S. company in 1898 (Arvanitoyannis, 2008). In the early 1900s, some organic 

fertilizers based on legume root Rhizobium were produced (Amarger, 2001). In 1930s, many 

studies concerning self-fixed-nitrogen bacteria had been conducted by scientists in many 

countries such as U.S. and Soviet Union researchers (Bowen and Rovira, 1999). Then a 

combined fixed-nitrogen-system in corn roots was discovered by China and Brazil 

researchers (Oelofse et al., 2010). Thereafter, the combined fixed-nitrogen-systems in the 

rhizospheres of rice, cane and some tropic pasturage crops were also found (Ying et al., 

1992). The nitrogen-fixed activities in these combined fixed-nitrogen-systems existed widely 

were proved strong. In the middle of 1980s, the organic fertilizer based on nitrogen-fixed 

bacteria started to be applied in plot and field experiments in U.S. and Israel (Ladha et al., 

2005). With the development of the fertilizer based on nitrogen-fixed bacteria, the fertilizers 

based on phosphorus/potassium-fixed bacteria have been also arisen in 1960s (Epstein, 2003; 

Bao et al., 2007).  

A kind of fertilizer based on cyanobacteria (blue-green algae) have been developed and 

applied extensively in rice cropland in Asia since 1940s, which was defined as bio-fertilizer 

(Irisarri et al., 2001). This bio-fertilizer still plays an important role in improving rice high 

yield and maintaining soil quality in long-term. Investigations have been under progress at the 

Central Rice Research Institute, Cuttack, since 1961 on the role of blue-green algae in 

augmenting the fertility of rice soils and for increasing rice production.  

Some of the results have already been reported (Relwani, 1963, 1965; Relwani and 

Subrahmanyan, 1963; Rewani and Manna, 1964; Subrahmanyan et al., 1964a, b, 1965). The 
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nitrogen-fixing capacity, the extra-cellular nitrogen liberated and organic matter produced 

have also been investigated (Subrahmanyan and Sahay, 1964, 1965). 

In recent years, much attention has paid to the complex organic fertilizer based on 

different microorganisms. Heterocystous nitrogen-fixing blue-green algae consist of filaments 

containing two types of cells: the heterocysts, responsible for ammonia synthesis, and 

vegetative cells, which exhibit normal photosynthesis and reproductive growth. This unique 

biological system could be used for the conversion of solar energy into organic fertilizer, 

through cultivation of these algae in open ponds (Benemann, 1979). Complex organic 

fertilizer comprising of daily organic manure plus chemical fertilization of three earthen 

provided an average of 3 g carbon and 0.3 g nitrogen and approximately 0.3 g phosphorus/m
2
 

per day. Twenty-four-hour net primary production added an average of 4.0 algal carbon/m
2
 

(Schroeder et al., 1990).  

 

 

2. THE DEFINITION OF BFM 
 

BFM is defined as a kind of new organic fertilizer comprising of specific living 

microorganisms (Zhang et al., 2005). The microorganisms may be heterotrophic or 

phototrophic microorganisms or their complex mixture, including algae, bacteria, protozoa, 

metazoan, epiphytes and detritus (Azim, 2005).  

In this definition mentioned above, it is specifically indicated that the BFM is a kind of 

new organic fertilizers and the component of BFM must include some living microorganisms. 

When BFM is applied in the soils in cropland or in pond for fish cultivation, the living 

microorganisms in the BFM will activate (or adjust or regular) the environmental conditions 

such as increasing the soil porosity and affecting the nutrient (e.g. phosphorus) circle, and 

then in potential in improving the qualities of agricultural product and eco-environment.  

Compared with the conversional inorganic and organic fertilizers, a series of benefits 

might occur after the BFM is applied in the soils in cropland, promoting the agricultural 

ecosystem in a more stable and harmonious state.  

The application of BFM not only increases the nutrient level but provides all kinds of 

necessary element for crop growth. Moreover, the advantage of the BFM can enhance the 

activity of beneficial soil organisms, depleting the excessive nutrient in some context, 

avoiding many malpractice caused by inappropriate use of fertilizers.  

The BFM can accelerate the transformation of soil organic matter into humus matter, 

increase the granular structure of soils, enhance the capacity of maintaining fertility and 

water, activate the nutrients fixed by soils and then improve the efficiency of fertilizers.  

In addition, the microorganisms BFM might produce some beneficial secondary materials 

such as growth-stimulating hormone, Indole acetic acid (IAA), Gibberellic acid (GA) and 

many kinds of enzymes. These favorable materials might help to transform nutrients, decrease 

the occurrence of soil-borne disease, and restore the polluted soils.  

Thus, it is an excellent option that the BFM is a kind of ideal fertilizer for the 

development of green- and organic- agriculture. In a word, the development of the BFM is of 

great potential and practice in the sustained agricultural progress, thereby leading to a large 

increase of agricultural efficiency. 
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3. THE BENEFITS TO AGRICULTURAL ECOSYSTEM 
 

Many kinds of living microorganisms such as algae, bacteria, protozoa, metazoan, 

epiphytes and detritus live at the BFM, this is because the BFM is the substrates (or/and 

habitats) for these microorganisms. As a result, the application of the BFM has great potential 

to benefit the agricultural ecosystem, which is summarized as follows. 

Firstly, due to different microorganisms resided at BFM, the use of the BFM will affect 

the prosperity of the soils, change the nutrient circle and optimize the structure (including 

composition and temporal-spatial characteristics) of soil ecosystem, thereby affecting soil 

health. Organic fertilizers, which mainly come from crop residues like rice bran, various 

oilseed cakes and animal byproducts like meat bone meal, blood meal, fish meal and crab 

meal, are sometimes distinguished from animal manure or compost based on animal waste 

(Lee, 2010). They contain specifically high levels of nutrients, e.g. N in oilseed cakes and 

blood meal and P in rice bran and meat bone meal, and are also high in organic matter content 

and a variety of micronutrients in general (Blatt, 1991; Cayuela et al., 2008), so that they have 

been widely used as alternative fertilizers for organically grown fields. Fertilization such as 

the application of BFM is one of the soil and crop management practices which exert a 

considerable influence on soil quality such as soil microbial properties, carbon contents, 

enzyme activities etc (Li et al., 2008). Various organic materials have been recognized as soil 

amendments and disease controllers, including the control of brown spot disease and 

augmentation of bacterial numbers by rice bran (Osunlaja, 1989) and the increase in plant 

growth and reduction of nematodes population by oil cakes (Khan and Saxena, 1997).  

However, there have been problems like the accumulation of nitrate in vegetables and 

increased soil electronic conductivity in organic farming caused by excessive application of 

animal manure and organic fertilizer (Lee et al., 2004; Sohn et al., 1996). Such advantages 

and disadvantages mentioned above then might change the composition and temporal-spatial 

structures of soil ecosystem.  

Secondly, it is likely that the application of BFM can prevent and/or carry some soil-

borne disease due to the reaction among the microorganisms and the virus causing soil-borne 

disease. In other world, the BFM is actually a kind of bio-control agents (Zhao Q., et al., 

2011). It is well known that biological control was an alternative strategy to control fusarium 

wilt disease (De Cal, 1995; Larkin and Fravel, 1998). Many antagonistic strains life in BFM 

have been proved to be effective bio-control agents in controlled laboratory or greenhouse 

conditions. Rhizoctonia (Muslim et al., 2003), Bacillus spp. (Gong et al., 2006), Penicillium 

spp. (Sabuquillo et al., 2006; Larena et al., 2003), Aspergillus spp. (Suárez-Estrella et al., 

2007), Trichoderma spp. (Rojo et al., 2007) are a few among the long lists. There has been no 

bio-control agent that is universally effective everywhere, because of genetic diversity of 

responsible pathogens (Mishra et al., 2010).  

In addition, antagonistic strains must be combined with a suitable substrate to improve 

their bio-control efficacy because they can survive for a long time after been applied to soil 

(El-Hassan and Gowen, 2006). BFM not only plays an important role in providing a suitable 

substrate, but also serves as a growth-promoting medium (Raviv et al., 1998). The 

microorganisms in compost may produce antibiotics (Whipps, 1997), compete for nutrients 

and ecological niches (Hoitink and Boehm, 1999), and/or induce resistance in plants (Weller 

et al., 2002). Therefore, the development of a new bio-organic fertilizer with improved field 
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consistency such as BFM is continuous process and mandatory for several and individual 

ecological niches. 

Thirdly, the application of BFM is environmentally benign. Chemical fertilizers also tend 

to release many chemicals into the soil that contain nutrients helpful to soil but may also 

contain elements that are not easily biodegradable. These may go on to contaminate our lands 

and water. On the other hand, by definition, organic fertilizers such as the BFM almost 

always have only biodegradable contents. When lawns and gardens are sprayed with chemical 

fertilizers, one has to be careful that the family members, especially kids and pets who often 

play on lawns, do not ingest the harmful chemicals. However, there is no way of preventing 

local wildlife from being affected. Organic fertilizers raise no such concerns and can be used 

safely (http://edu.udym.com/five-advantages-of-organic-fertilizers/). In addition, the 

application of some organic fertilizer such as complex microbial fertilizer can be used against 

soil-borne plant pathogenic fungi (Yan et al., 2004). 

Last but not the least, the application of the BFM is inexpensive and cost-effective. BFM 

can be produced at home or on farms by using a mix of chicken, pig, cow, sheep and horse 

manure along with wastes like leaves and dead plants. This is a great way of getting rid of 

wastes and certainly a cheaper alternative to purchasing chemical fertilizers 

(http://edu.udym.com/five-advantages-of-organic-fertilizers/). 

 

 

4. THE CONTROL OF AGRICULTURAL NONPOINT  

SOURCE POLLUTION 
 

About 30-40% amount of fertilizer such as nitrogen fertilizer applied into cropland just 

be absorbed in China’s agricultural system, which is very low compared to the average 

fertilizer use efficiency (68%) in developed countries’ agricultural system (Keeney, 1982; 

CAAS, 1994). This leads to the losses of more than half amount of fertilizer from cropland 

into downstream waters carried by runoff or leakage. The process of fertilizer loss is the main 

form of the occurrence of agricultural nonpoint source pollution. Thus, it is practically 

significant in preventing the movement of the excessive fertilizer via using environmentally 

benign bio-organic fertilizer. 

The application of manures to agricultural fields also has the potential to contaminate 

surface waters through several different routes, including (1) runoff directly to drainage 

ditches and streams, and (2) percolation into groundwater that may later ‘‘daylight’’ as 

springs or contribute directly to surface waters through channels connecting groundwater and 

creeks, streams and sloughs (Dowd et al., 2008). After decades of working to reduce 

emissions from point sources, pollution from nonpoint sources now constitutes the number 

one source of pollution in waterways, with agriculture being the single largest contributor 

(EPA, 2000). How to best manage agricultural nonpoint source (NPS) pollution is still an 

issue of increasing importance to policymakers in China. Therefore, the development of new 

fertilizer with low pollution loads is practical to control agricultural nonpoint source 

pollution.  

In China, many kinds of BFMs have been developed to substitute inorganic fertilizer and 

then decline the losses of nutrients. As a result, the intensity and frequency of agricultural 
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nonpoint source pollution discharge decreases. The populated example in China is that the 

bio-materials such as cyanobacteria were used for producing organic fertilizers. 

Cyanobacteria are a phylum of bacteria that obtain their energy through photosynthesis 

(Stewart and Falconer, 2008). Cyanobacteria account for 20-30% of earth's photosynthetic 

productivity and convert solar energy into biomass-stored chemical energy at the rate of ~450 

TW (Oren, 2004). Cyanobacteria utilize the energy of sunlight to drive photosynthesis, a 

process where the energy of light is used to split water molecules into oxygen, protons, and 

electrons. Due to their ability to fix nitrogen in aerobic conditions, cyanobacteria are often 

found as symbionts with a number of other groups of organisms such as fungi (lichens), 

corals, pteridophytes (Azolla), angiosperms (Gunnera) etc, even forming a kind of biofilm 

(Spolaore, et al., 2006). Therefore, cyanobacteria are used for the materials produced organic 

fertilizers. 

The results showed that cyanobacteria in Dianchi Lake, West China is a kind of good raw 

materials for utilization (Table 1 and 2), such as fertilizer and feed. 

Moreover, the concentration of heavy metals in cyanobacteria showed that the 

cyanobacteria could be used as fertilizer safely according to the national pollutants control 

standard in agriculture (Table 3).  

 

Table 1. The nutrient content of cyanobacteria (%) 

 

Protein 17.8-26.4 Fat 1.49-4.67 Fiber 12.6-19.3 

Ash 13.8-20.0 N 1.56-8.14 P2O5 0.71-1.95 

Fe 0.05-0.1 Mn 0.05-0.1 Ca 0.58-2.5 

Mg 0.18-0.46 K2O 3.11-5.90 Na 0.12-0.93 

 

Table 2. The nutrient content in cyanobacteria and other feeds  

(dry weight) 

 

 Protein (%) LYS (%) MET (%) Vitamin E (mg kg-1) 

Cyanobacteria 24.2 1.16 0.31 > 50 

Barley 10.8 0.37 0.13 38 

Rice 8.5 0.29 0.14 13 

Broomcorn 8.70 0.22 0.08 12 

Chaff 12.1 0.86 0.25  

Bran 14.4 0.47 0.15  

 

Table 3. The content of heavy metals in cyanobacteria from Dianchi Lake,  

West China (mg kg-1 dry weight) 

 

Elements Stem Leaf Roots Total plant 

Zn 18.09 15.68 39.53 25.22 

Cu 10.28 3.08 20.83 12.22 

Pb 0.93 0.14 2.07 0.91 

Cd 0.25 0.59 0.91 0.72 

Cr 1.57 0.69 2.99 1.76 

As 0.9 0.3 2.3 1.68 

Hg 0.02 0.02 0.03 0.02 
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Table 4. Prescription of complex organic and inorganic fertilizers for various crops 

(Shen et al., 2005) 

 

Sorts Tobacco Celery Chinese Chives Carnation 

Urea 15 25 15 15 

Uperphosphate 9 9 9 16 

Ammonium phosphate 6 6 6 9 

Potassium sulfate 20 10 10 10 

Cyanobacterial biomass 50 50 60 50 

Total 100 100 100 100 

Organic matter (%) 35 35 35 35 

Total maintain (N+P2O5+K2O) 26.27 25.77 23.78 24.27 

 

To remove the microcystins from cyanobacteria, the cyanobacteria were fermented under 

aerobic and anaerobic conditions sequentially. The residuals of the fermentation of 

cyanobacteria were used as the raw materials for producing organic fertilizers. To balance the 

nutrients for crop growth, some inorganic fertilizers were added into the organic fertilizer 

based on cyanobacterial biomass (Table 4). Then, it was called complex organic and 

inorganic fertilizer. 

To test the effect of the complex organic and inorganic fertilizer based on cyanobacterial 

biomass, a series of field experiments had been conducted. The results showed that compared 

with efficiency of general compound fertilizes on the market, that of the organic and 

inorganic fertilizes from several cyanobacteria (Microcystis) were higher to the output of 

tobacco, celery leek and carnation. Dose of 900 kg/ hm
2 

is best in tobacco experiments, and 

tobacco’s yield, production value and fine tobacco ratio increased 7.28%, 5.04% and 19.81% 

, respectively; Treated with three doses of 600 kg/ hm
2
, 900 kg/ hm

2
 and 1200 kg/ hm

2
, 

Chinese chives’ output is higher than the control’s, increased 9.5%, 17.1% and 16.3%, 

respectively; leek’s high, leaf broad and yield increased 12.21% and 13.32% respectively, 

with treatment of 900 kg/hm
2
, 1200 kg/hm

2 
of cyanobacterial fertilizer; Output of Carnation 

arrived to 4865 bunch/100m
2
, increased 11.6% compared with the control. No cyanobacterial 

toxin was determined in leek and soil, suggesting that the safety of cyanobacterial fertilizer 

(Shen et al., 2005).  

During the organic fertilizer based on cyanobacterial biomass was applied in leek 

cropland, the losses of nitrogen and phosphorus was studied. The results showed that the 

application of organic fertilizer based on cyanobacterial biomass could decrease nitrification, 

leading to the decline of nitrate movement from soil into groundwater. Compared with the 

control, the nitrate concentration in leakage in the treatments with organic fertilizer based on 

cyanobacterial biomass was low by 32.9-60.2%. In addition, ammonia concentration in the 

runoff was reduced by 8.8-43.7% after the application of organic fertilizer based on 

cyanobacterial biomass. The losses of total dissolved phosphorus in the runoff declined from 

12.3-53.6% after the leek cropland was applied the organic fertilizer based on cyanobacterial 

biomass. 

Overall, the application of BFM such as the organic fertilizer based on cyanobacterial 

biomass not only solves the difficult problem of reducing the input of chemical fertilizer into 

cropland and then decline the output of agricultural nonpoint source pollution into 

downstream waters, but also improves environment, and increases benefits of society and 

economy. 
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CONCLUSION 
 

Although the use of bio-organic fertilizer based on microorganisms in improving the 

productivity of crops and protecting soil quality is commonplace, so far, there is no new 

investigation to emerge from decades of research to intentionally use specific microorganisms 

or microbial aggregates (biofilms) for decrease nonpoint source pollution. Several proposals, 

including development of bio-organic fertilizer bases on microorganism biomass (or 

substrates), including microalgae and combinations of several microorganisms, have the best 

potential for future commercial use. So far, in terms of production of bio-organic fertilizer 

based on microorganisms, it is difficult to differentiate between the role of microalgae and 

other microorganisms, mostly bacteria.  

Currently, there are major advantages to ‘greener’ technologies. The public, even in more 

developing countries in agriculture, is constantly demanding green technologies for most 

aspects of daily life. The common decontamination technologies, wastewater included, that 

produce more, or a different kind, of secondary pollution (like precipitation of phosphorus in 

nonpoint source wastewater by metal salts that are disposed of as a toxic waste in landfill) 

have a negative public perception. With public opinion on its side, it appears that the 

development and application of BFM is a prime candidate as a green technology. 

From a scientific standpoint, the BFM development has many advantages: 

 

(1) Its main advantage is that it controls and protects the dominant and always useful 

microorganism within the agricultural ecosystem itself. The microorganisms in the 

organism fertilizers, with usually superb ability to adopt the agricultural 

environments because of the organism fertilizers acting as their substrates, can be 

dominated within the agricultural ecosystem despite competition with other 

microorganisms present in the agricultural ecosystem.  

(2) It is possible to maintain a sustained agricultural ecosystem using different 

microorganisms in the BFM to simultaneously treat several contaminants in the soils 

and then improve the soil quality. This will be useful, especially for recalcitrant 

compounds that require specialized microalgae for degrading the pollutant.  

(3) The microorganisms in BFM (BFM as the substrates for Microorganisms) have 

better plasmid stability within the agricultural ecosystem, allowing successful use of 

genetically modified special microorganisms designed for specific cleaning purposes 

of polluted soils and avoiding the common failure of such genetically modified 

microorganisms in environmental systems. From a practical view, the 

microorganisms in BFM systems use solar energy and need relatively small amounts 

of other inputs for operation. They are relatively easy to handle on a large scale 

because they have been used by compound producing industries for a very long time.  

 

BFM application in agricultural ecosystem without health hazards, are environmental 

friendly (promoting the image of the public/company/government that uses them), produce no 

secondary pollution, and the BFM application in large scale can decrease the output of 

nonpoint source pollution loads in intensive agricultural areas. In addition, the cost of BFM 

application is not expensive, about 1/3 cost of that of the chemical fertilizer. 
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It is assumed that the application of BFM will find its greatest usefulness when (1) 

several different contaminants in soils need to be treated simultaneously and the degraded soil 

quality needs to be improve in large scale; (2) the discharge of some pollutants such as output 

of nitrogen and phosphorus is very high, and the discharge modern of these pollutants is not 

fixed forms (including discharge intensity, frequency and time). That is, the heavy nonpoint 

source pollution in this agricultural ecosystem needs to be treated in source by applying 

BFM; or (3) when complex degrading processes are needed that require specialized 

microorganisms.  

There are still a number of technical aspects of the application of BFM that could be 

developed, such as improvement of the component of the BFM to create ‘‘real substrate 

conditions” for the living microorganisms in BFM, development of more complex 

constitution of heterotrophic and heterotrophic microorganisms to maintain a steady 

ecological status in the BMF, optimizing selection of the proper microorganisms for specific 

applications such as removing or fixing some specific pollutants in soils, and decreasing the 

volume of BFM to transport and operate easily. Solving these shortcomings will enhance the 

future potential of the application of BFM in commercial agriculture. 
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