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ABSTRACT

To meet the increasing food demand for a growing population, chemical fertilizers play
an important role in enhancing crop productivity. However, continuous use of chemical
fertilizers has caused pollution of the environment. Bio-fertilizers are environmentally
safe products that can be used to complement chemical fertilizers. Lack of policy and
legal framework on bio-fertilizers has weakened monitoring and control mechanisms thus
contributing to availability of low quality products in the Kenyan market. Thus, the
regulation of bio-fertilizers is necessary to ensure availability of adequate quality
products and an increased awareness and uptake by farmers. The aim of this study was to
examine whether the current regulatory framework provides mechanisms for appropriate
production and use of environmentally safe bio-fertilizers. Specifically, the study (i)
investigated the level of uptake of bio-fertilizers among farmers; (ii) assessed different
kinds of regulatory mechanisms used to regulate bio-fertilizers, (iii) explored best
practices of corrective measures in other countries, and (iv) investigated strategies that
could increase awareness and uptake of bio-fertilizers. The research involved field studies
whereby primary data was collected through administration of questionnaires and
interviews of key informants. Secondary data was obtained from relevant literature, and
best practices were inferred from regulations in Canada and India. Three hundred farmers
and thirty agro-dealers in ten villages were sampled to obtain information on bio-fertilizer
uptake in Siaya County. Interviews were conducted with national and international non-
governmental organizations, industry players, regulatory bodies and Egerton University,
which is involved in quality verification of bio-fertilizers. Only one farmer in the
surveyed area (0.33 %) applied bio-fertilizer, indicating that the level of uptake of the
products among farmers was very low. The major factors affecting the uptake in the area
were lack of knowledge by farmers and agro-dealers, lack of product application
knowledge, lack of demand and resistance to change. The regulatory bodies revealed that
the current monitoring system is weak resulting in inefficient regulation of bio-fertilizers.
Lack of a legal framework to enforce regulation has lead to infiltration of low quality
products into the market. This is compounded by a lack of extensive research, training
and market development that are necessary in enhancing awareness of the products. It is
recommended that a comprehensive legal framework should be set in place to control for
quality of products and increase awareness on proper use and benefits of bio-fertilizers.
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1.0 INTRODUCTION

In the context of projected global population growth and improving income levels, food
production will have to be increased by 70% (FAO 2009, Alexandratos and Bruinsma
2012). This will require intensified and increased agricultural production per land area
since the amount of available arable land is finite (IPNI 2009). Environmental destruction
including disappearing fallows, land degradation and low soil nutrients are as a result of
farmers’ lack of success in intensifying agricultural production in a manner that maintains

soil productivity (Crawford et al. 2006).

Fertilizer application is considered to play an important role in enhancing crop
productivity and slowing the rate of environmental degradation (Heisey and Mwangi
2006, IPNI 2012). In sub-Saharan Africa, fertilizer use is as low as 8-10 kg/ha compared
to 50 Kg/ha as recommended by the Abuja Fertilizer Summit in 2006 (Sommer et al.
2013).

In 2006, Kenya’s nutrient depletion rates were nitrogen (N) 40 kg/ha/yr, phosphate (P)
6.6 kg/ha/yr, and potassium (K) 33.2 kg/ha/yr (Makokha et al. 2006). Continued low use
of fertilizers has negative environmental impacts which are more inevitable and
devastating than those anticipated from increased fertilizer use such as nutrient mining
and increased use of marginal lands (Heisey and Mwangi 1996). However, another

important aspect of fertilizer use involves crop quality and human health (IPNI 2009).

The constant use of chemical fertilizers especially N or P has led to pollution of soils,
water and air as well as increased deterioration of the ecological system (Kim and
Stoecker 2006, Magiroi et al. 2011, Savci 2012). This is largely through contamination
by the leakage and infiltration of nitrates and phosphates from chemical fertilizers
(Hafizul et al. 2010). The high concentrations of N or P can increase the growth of algae,
decrease water clarity, result in water treatment problem like odour or bad taste, and
deplete oxygen levels in the water that can affect human and animal health (AFT 2013).
This reduction of water quality is costly and is a cause of global environmental

challenges (Steffi et al. 2003).
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Prolonged use of high amounts of chemical fertilizers especially in acidic soils reduces
the long term crop productivity (Mupenzi et al. 2010). Sanchez (2002) found average
annual nutrient depletion rates across a number of African countries were 22 kg N /ha,
25kg P/ha and 15kg K/ha. On average, combined rate of depletion of nutrients in Sub-
Saharan Africa is 54 Kg/ha/yr (Sommer et al. 2013). Therefore, there is need to explore

the technologies for improving crop productivity with less environmental impacts.

Among the potential technologies, the use of bio-fertilizers is considered as an optimal
solution (Ghaderi-Daneshmand et al. 2012; Pindi 2012). Nevertheless, in the use of new
technologies the precautionary principle should be exercised. As stated in the
Environmental and Management Coordination Act 1999, “where there are threats of
damage to the environment, whether serious or irreversible, lack of full scientific
certainty shall not be used as a reason for postponing cost-effective measures to prevent
environmental degradation.” Though bio-fertilizers are environmentally friendly,
precaution has to be exercised to ensure the products available in the market do not
contain contaminants that are of harm to the environment thus negating the benefits in
their use. Regulation and quality control of bio-fertilizers plays a critical role towards

achieving good quality and environmentally safe products.

Research towards development of bio-fertilizers is still developing in Africa and is
derailed through lack of awareness, infrastructure and human capacity (Dhlamini et al.
2005, Njira 2013), and the absence of a supportive regulatory framework. In sub-Saharan
Arica, the potential benefits of bio-fertilizers remain largely untapped due to inadequate

national policy and regulatory framework (Simiyu et al. 2013).

Bio-fertilizer use is a technological innovation that potentially increases crop yield,
reduces production cost and improves soil condition (Baconguis et al. 2012). For
instance, crop yields can be improved 10 to 25 % by the application of bio-fertilizers to
seed or soil without contamination (Muraleedharan et al. 2010). It can also enhance the
efficient uptake of nutrients, leading to a reduction in the amounts of chemical fertilizers
to be used (Chen et al. 2007). The production technology for bio-fertilizers is relatively

simple and installation is less costly compared to chemical fertilizer plants (Chen 2006).

11



Microorganisms, which can be used in bio-fertilizer formulation, include bacteria, fungi
and blue green algae (Boraste et al. 2009). Some of the bio-fertilizers used are nitrogen
fixers, phosphate solubilizers, micro nutrient enhancers and growth promoting

Rhizobacteria (Patil et al. 2013).

Bio-fertilizers can be easily contaminated because of non-availability of good and
suitable carrier materials (Pindi 2012). Owing to its inherent deficiencies, biological
sources which act as effective supplements to the chemical sources in crop management
have not been regarded as fully reliable (Kahangi et al. 2011). Poor quality bio-fertilizers
also cause smallholder farmers to lose out on the benefits of the products. Therefore, it is

necessary to increase the quality of rhizobial inoculants that are sold (Gomez et al. 1997).

Bio-fertilizer is explicitly different from green manure, manure, intercrop i.e. organic
fertilizer that contains compounds that directly, or by their decay, increase soil fertility, or

organic supplemented chemical fertilizer (Vessey 2003).

According to India’s legal framework on bio-fertilizers (Essential Commodities Act of
1955 and Fertilizers Control Order 1985; amended in 2009), bio-fertilizer means “the
product containing carrier based (solid or liquid) living microorganisms which are
agriculturally useful in terms of nitrogen fixation, phosphorus solubilization or nutrient
mobilization, to increase the productivity of the soil and/or crop.” Bio-fertilizers are also
included under the broad definition of fertilizers, which “means any substance used or

intended to be used as a fertilizer of the soil and/ or crop” (Malusa and Vassilev 2014).

Current economic thinking and development planning in Kenya is set out in the long-
term economy policy, formally known as Sessional Paper No. 10 on Vision 2030. The
Second Medium Term Plan (MTP) (2013-2017) to Vision 2030 recognizes the need
to increase use of environmentally safe bio-fertilizers though it does not single out
microbial inoculants. However, smallholder farmers would only benefit with the use
of bio-fertilizers in the event of governmental regulation (Olsen 1994). Legal

requirements and controls can therefore improve the quality of inoculants and thus

their efficacy (Catroux 2001).
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In Kenya, challenges in commercialization of bio-fertilizers are due to lack of adequate
legislation (Simiyu et al. 2013). Kenya has incomplete regulatory proposals that are to be
found in draft form such as the Kenya Standard 2356: 2011, and this has impeded
implementation of quality control (Kahangi et al. 2011). The draft standards provide for
general and specific quality requirements without distinction between the different
types of bio-fertilizers (Huising et al. 2013). This may be insufficient for effective

quality control.

Therefore in Kenya, unlike in India, the principal law regulating fertilizers, the
Fertilizer and Animal Foodstuffs Act Cap 345 is silent on any definition or specific
mechanisms for bio-fertilizer governance. This is not surprising as this law was enacted
prior to bio-fertilizer technology. However, as this research later demonstrates, in chapter
4, other laws, institutions and policies in the overall fertilizer regulatory framework could
be deployed to govern bio-fertilizers, but with minimal efficiency, unless changes are

made, taking into account some of the specific issues raised by this thesis.

Apart from the problem of the technical efficacy of bio-fertilizer, in Kenya there is also a
dearth of information on product quality, extension services and policy support at the
national level (Odame 1997). In order to enhance smallholder farmers’ access to bio-
fertilizers institutional constraints in agricultural innovation must be removed (Odame
2002). Weak linkages with private-sector manufacturers, local stockists, NGOs and
smallholder farmers have affected the uptake of bio-fertilizers (Odame 1997). NGOs that
play a big role in research, formulation and creating increased awareness of bio-fertilizers
have to come up with products that can be easily handled by farmers and which
manufacturers can distribute at a profit. Free flow of information facilitates the

formulation of products that are adapted to the local conditions.

Similarly, there is poor support of production, distribution and use of bio-fertilizers
(Simiyu et al. 2013). Moreover, the availability of adequate quality and effective bio-
fertilizers from manufacturers is dependent upon the presence of a policy, law and
regulation on the commercial products (Ghosh 2004). Regulation of bio-fertilizers is
crucial to ensure farmers get value for their investments and increased food production

yet safeguarding the environment.
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Besides policy aspects, efficacy of bio-fertilizers, availability and accessibility,
knowledge on bio-fertilizer development and proper application as well as promotion and
marketing, limit the use of the products among smallholder farmers (FFTC 2007).
Increase in awareness and uptake of bio-fertilizers is a path that can reduce the use of

chemical fertilizer to avoid further pollution problems (Chien et al. 2011).

1.2 Statement of the Research Problem

Fertilizers are used to restore the mined minerals from the soil and to obtain high yields
(Zhu and Chen 2002). Chemical fertilizers have been shown to cause environmental
degradation (Ayoub 1999) by affecting soil quality, ground water and water bodies
because of the vast quantities of chemicals in the runoff (Hafizul et al. 2010). In addition,
chemical fertilizers are costly and are a source of greenhouse gas (GHG) emissions such
as N,O (Halvorson et al. 2014) that is aggravating the effects of climate change (Adler et
al. 2007). For instance, the estimated amount of GHG emitted from Nitrogen fertilizer

use in Europe is 47.6% (Franks and Hadingham 2012).

From an environmental perspective, bio-fertilizers are better than chemical fertilizers as
they do not pollute the soil, air and water (Mehrvarz et al. 2008, Hafizul et al. 2010).
They also increase yields of up to 33.2% (Esitken et al. 2010) and do not emit GHG into
the atmosphere (Kaswan et al. 2012). The amount of chemical fertilizer can be reduced
by 25% with use of bio-fertilizers and give an equal yield increase similar to 100% of the
recommended chemical fertilizer rate (Adesmoye et al. 2009). However, their quality and
efficacy must be properly evaluated before they are commercialized (Carullo 2002).
Quality of bio-fertilizers is one of the most important factors resulting in their success or

failure and acceptance or rejection by the farmers (Sethi & Adhikary 2012).

The current Fertilizers and Animal Foodstuffs Act Cap 345, does not incorporate bio-
fertilizers. This lack of clear and sufficient regulation is a leeway to distribution of low
quality and ineffective products from manufacturers. There should be corrective
measures inclusive of penalties stipulated in law, if low quality products are distributed to

farmers (Carullo 2002).
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Availability of a comprehensive policy and legal framework on bio-fertilizers can guide
compliance and enforcement of high quality standards. This study highlights the
importance and challenges in the adoption of bio-fertilizers due to absence of such a
framework. In addition, it informs a policy on sustainable agricultural practices. Finally,
good practices must be adopted in the handling of the bio-fertilizers in order to ensure the
benefits are obtained and the environment is protected. Bio-fertilizer use can enhance
food security in Kenya; however, there is a need for increased awareness and training of
farmers on how to handle the products. Lack of awareness contributes to poor uptake thus

the need for strategies to increase the uptake of adequate quality bio-fertilizers.

1.3 Research Questions

The following questions were addressed by the study:

1.3.1 Overall research question
What is the significance of effective regulation in enhancing uptake of environmentally

safe bio-fertilizers?

1.3.2 Specific research questions
1) What is the level of uptake of bio-fertilizers among farmers?
2) What regulatory mechanisms are available for bio-fertilizers in the market to
ensure they are environmentally safe?
3) What are the best practices of corrective measures in other countries?
4) What are the strategies for increasing awareness and uptake of bio-fertilizers

among farmers?

1.4 Objectives

The following objectives were addressed:

1.4.1 Main Objective
To develop an effective regulatory framework scenario for appropriate use of

environmentally safe bio-fertilizers and mechanisms for enhanced use
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1.4.2 Specific Objectives
1. To investigate the level of uptake of Bio-fertilizers among farmers in Uranga
2. To assess regulatory mechanisms for bio-fertilizers in the market
3. To explore best practices of corrective measures in other countries
4. To investigate the strategies that can increase awareness and uptake of bio-

fertilizers among farmers

1.6 Justification

Poorly defined, lack of, or unenforced standards can lead to low quality bio-fertilizers in
the market. Improper or misleading labeling and underweight bags will increase
investment risk for smallholder farmers and may dissuade them from use of bio-fertilizers

(USAID 2012). There is need for standards and regulations to control such practices.

A strong bio-fertilizer law should contain basic requirements for the registration,
deregistration, licensing, import, and sale of the products (USAID 2012). It should
address the implementation of these procedures in regulations where they are more easily

amended (USAID 2014).

Bio-fertilizers introduced into the market must be of adequate quality and without
contamination of any kind in order to protect the environment. The products must be safe
to humans, plants, animals, and the environment and be efficacious in boosting crop
yields as indicated on the labels by the manufacturer. This will protect the farmers’

investments as well as ensure increased crop yields.

A national focal point government organization should have adequate resources to
promote training and education on proper use of bio-fertilizers, increase awareness on
their availability and monitor the products in the market to ensure poor quality products

are eliminated.
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2.0 LITERATURE REVIEW

This chapter is divided into various sections discussing the general use of fertilizers, the
merits and demerits of their use, types of bio-fertilizers, production and distribution and
the importance of regulations. Section one, discusses the importance of fertilizers as a
source of plant nutrients in order to enhance yields on available land. It highlights the
need to increase production on limited parcels of land due to limitations in increasing the
cultivated area. The impacts of overuse and underuse of fertilizers to the environment are

also explained.

Section two introduces bio-fertilizers as environmentally safe products. It gives a brief
background on wide array of beneficial microorganisms that can be used as bio-
fertilizers. The uptake of various plant nutrients important for plant growth through use of
bio-fertilizers is discussed. Such an informative discussion highlights opportunities that
can be explored in the formulation of different bio-fertilizers that are environmentally

safe.

Section three gives an overview of the production, distribution and use of both chemical
bio-fertilizers in Kenya. Use of subsidies for chemical fertilizers by the government and
challenges in the distribution and use of bio-fertilizers are explained. The section also

displays some challenges in the dissemination of bio-fertilizer technology to farmers.

Section four brings out important factors in ensuring bio-fertilizer quality such as the
viable cell count and the permissible level of contamination. It highlights the need for
effective regulation and quality control in order to ensure availability of adequate quality

bio-fertilizers in the market.

2.1 Impact of Fertilizer on Food Security and the Environment
For up to an estimated 2.3 billion more persons by 2050, food production will have to
increase by 70% (FAO 2014). To satisfy the growing worldwide food demand, two

options are available; (1) increasing the cultivated area under production and (2)
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improving crop production on existing land (Edgerton 2009). Kyomugisha (2008)
reported that most increases in aggregate crop production have been achieved from the
area production rather than increased investment in production technologies. The ultimate

goal should be attainment of increased yields with limited environmental impacts

(Tilman et al. 2011).

Future increases in food production will have to occur on less available arable land,
which can only be accomplished by intensifying production (Burney et al. 2010). For
example the agricultural potential in Kenya is only 16% of the land mass and 84 % being
used for ranching, agro-pastrolism and game parks (FAO 2013). Achieving consistent
production at these high levels without causing environmental damage requires
improvements in soil quality and precise management of all production factors in time

and space (Cassman 1999).

Soil nutrients are depleted through continuous cultivation when crops explore and exploit
the entire root zone leaving the soil stripped of nutrients (Asadu and Dixon 2002). Low
soil fertility is a major constraint to crop production (Agyarko 2011). Depletion of soil
fertility, along with the concomitant problems of weeds, pests, and diseases, is a major
biophysical cause of low per capita food production in Africa (Sanchez 2002).
Restoration of soil fertility is necessary to increase crop yields and food production in
order to combat the worsening food security situation in Africa (Henao and Baanante

2006).

The Fertilizer Institute (2008) stated that fertilizers are currently responsible for between
40% and 60% of the worlds food supply. This trend promotes increased food production
via increased chemical fertilizer use which has negative environmental implications. The
level in agriculture productivity needs to be maintained, but this has to be achieved in a
sustainable manner, both environmentally and economically, in order to preserve

ecosystem services (Bettencourt et al. 2010).
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Promoting awareness of new ideas and discoveries to the general public to create and
deepen awareness of science technology and innovation is important (ASDS 2010-2020).
Bio-fertilizer technology dissemination should be at the forefront as a technological
innovation that can be used to increase yields obtained by smallholder farmers. The
increase of agricultural production through heavy use of chemical fertilizers is a threat to
the natural resource base. Environmental concerns such as depletion of natural resources,
pollution of air and water, and chemical residues in foods must be factored in agricultural

practices (Munyua 2003).

Agricultural technologies or practices that could reduce the current pressure of chemical
fertilizers to the environment must be developed. Modern agriculture should be able to
balance both agronomy and ethics to sustain both ecological and human needs in the
future (Burney et al. 2010). Land, a natural resource and a factor of production, is
degraded by excessive use of fertilizers (Acharya and Kafle 2009). Continued destruction
of land resource will eventually lead to food insecurity due to decreased yields. This
promotes the shift to sustainable agricultural production systems that enhance

environmental protection.

The fertilizer industry is a source of natural radionuclide and heavy metals. It contains a
large majority of the heavy metals that are harmful to health (Savci 2012). Production of
chemical fertilizers is expensive and alternating this with bio-fertilizers can play an
important role. This will avoid negative pressure to environment and as a result, use of
bio-fertilizers is one of the effective managerial methods to keep soil quality in favorable

level (Bohlool et al 1992).

The environmental angle of fertilizer use in Africa is not one of overuse but of under use
and has an impact on soil health (IFDC 2006). The rate of fertilizers used by small-holder
farmers in Africa is low and this causes the depletion of soil nutrients (Kelly and
Crawford 2007, Smaling 1993). Soil-fertility depletion in smallholder farms is the
fundamental biophysical root cause for dwindling per capita food production in sub-

Saharan Africa (ICRAF 1997).
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Cassman (1999) and Roberts (2009) stated that increase in food production must be done
in an environmentally safe manner through ecological intensification whose goal is to
increase yield per unit of land, i.e. intensify production, while meeting acceptable
standards of environmental quality. They also stated that, integrated production seeks to

integrate economic and ecological considerations.

According to FAO (2007) conservation agriculture is a concept for resource-saving
agricultural crop production that strives to achieve acceptable profits together with high
and sustained production levels while concurrently conserving and protecting the
environment. Compared with conventional production, it is characterized by a shifting of
focus from harvest maximization to harvest optimization through cost saving and quality
enhancement. This involves a reduction in chemical fertilizer input, a preference for non-
chemical pest control methods wherever possible and use of adapted cultivation schemes,

including more frequent crop rotation (Meysner et al. 2006).

Fertilizers are important in achieving increased yields but the need to conserve the
environment prompts research into environmentally safe agricultural inputs. There is
need to adopt new technologies such as use of bio-fertilizers that are not harmful to the

environment.

2.2 Impacts of Bio-fertilizers on Crop Productivity and the Environment

Due to various anthropogenic activities, over dependence on chemical fertilizers may
degrade the environmental system for the future agricultural growth (Board 2004). This
model of agriculture has led to resource degradation, prominent being; depletion of
natural resources, increased erosion and reduced soil quality, increased incidence of new
pests and diseases, reduction of biomass production and biodiversity, and water
contamination (Conway and Barbier 1990, Chopra 1997, Ghosh 2003). Consequently,
this has an overall impact on the sustainability of various agricultural production systems.
Exploration of alternatives to chemical fertilizers for increased crop production without
further negative impacts on environment is necessary. In this context, the use of bio-

fertilizers is essential to meet this purpose (Xiang et al 2012).
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Bio-fertilizers which are considered eco-friendly and environmentally safe are cost-
effective agro-inputs intended to improve the supply of available plant nutrients to crops
(Muraleedharan et al. 2010). They are of enormous help to the farming community
(Kuntal et al. 2007). In some cases they can significantly complement chemical N
fertilizers (Alam 2000). When these fertilizers are applied to seeds, plant surfaces or
soils, the living organisms from them colonize the rhizosphere or the interior of the plant

(Vessey 2003).

In the case of nitrogen fixing bio-fertilizer technologies, it is achieved through Biological
Nitrogen Fixation (BNF), a microbiological process which converts atmospheric nitrogen
into plant usable form (Bohlool et al. 1992). By the process of BNF, the availability or
uptake of plant nutrients can increase (Selvakumar et al. 2012). Use of chemical nitrogen
fertilizers in crop productivity can be reduced with incorporation of bio-fertilizers
(Mehboob 2009). It is estimated that 80 to 90% of N available to plants in natural

ecosystems originates from BNF (Rascio and La Rocca 2008).

Bio-fertilizers are gaining momentum due to the increasing emphasis on maintenance of
soil health, minimizing environmental pollution, and cut down on the use of chemicals in
agriculture (Muraleedharan et al. 2010). In addition, they are being considered as
essential components of organic farming which has emerged as an important priority area
for safe and healthy food, long term sustainability and prevention of environmental

pollution associated with indiscriminate use of agrochemicals (Patil et al 2013).

On the other hand, most small-holder farms in Africa have little access to chemical
fertilizer because of the high price. The dramatic increases in world fertilizer prices
recorded recently are especially damaging to African farmers’ hopes of improving their
productivity (Hargrove 2008). Currently, fertilizer use in SSA averages 9 kg per hectare,
the lowest of any developing country by far (FAO 2004) compared to the recommended
50 kg per hectare (Abuja Declaration 2006) and crop yields are correspondingly lower
(Mwangi 1996).
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Profitability remains one of the key factors determining the quantity of fertilizer used;
farmers will not use fertilizer if it is not affordable and profitable (Guo et al. 2009).
Bohlool et al (1992) reported that low fertilizer use is attributed to high cost of fertilizer.
In rain-fed agriculture, bio-fertilizers gain added importance in view of their low cost, as
most of the farmers cannot afford to buy expensive chemical fertilizers (Muraleedharan et

al. 2010).

Bio-fertilizers complement chemical fertilizers by reducing the amount of chemical
fertilizer required while still increasing yields (Chen 2006, Hellal et al. 2011). This is
important considering that most smallholder farmers actually underuse chemical fertilizer
which still contributes to environmental destruction. Reduced use of chemical fertilizers
with increased application of bio-fertilizers can alleviate the pressure on the environment

derived from agricultural practices (Malusa et al 2012).

Most bio-fertilizers belong to one of two categories: nitrogen fixing and phosphate
solubilizing. Nitrogen fixing bio-fertilizers fix atmospheric nitrogen into forms which are
readily useable by plants. The following is a broad classification of bio-fertilizers that can

be used by farmers shown in Figure 2.1.

22



Azotobacter — Azospinllum

Rhizobium

\1_\'cohactvr1um| Bacillus

iy

Bacteria l

= Nitrogen fixer
Blue green

algae | ] ] I !

Nostac Anabacnopsis

Phosphate solubilizing
microbes Anabacna  Tolypothrix
Sulphur solubilizing
microbes
PMant growth promoting
rizobacteria (PGPR)

LAY Root endophytic fungi
Biofertilizers e '

= Flungi ‘
Plant growth-promoting

fungr (PGPF)
ey AZ0l13 filiculoides
e [0, e, Azolla

ep A0l rubra
ey Other mineral utilization
MICRO0rganisms

Figure 2.1: Types of Bio-fertilizers (Adapted from Xiang 2012)

2.2.1Nitrogen fixer

The nitrogen fixer includes bacteria (rhizobium, azotobacter, azospirillum,
mycobacterium and bacillus) and Blue Green Algae (BGA) (anabaena, nostoc,
tolypothris and anabaenopsis). Rhizobia are symbiotic bacteria that fix atmospheric
nitrogen gas in plant root nodules and have a mutually helpful relationship with their host
plants. The plant roots supply essential minerals and newly synthesized substances to the

bacteria.

Rhizobium inoculation is a well-known agronomic practice to ensure adequate N supply
for legumes in place of N fertilizer. It is reported that rhizobium can fix 50-300 kg N/ha
(Chen 2006). Field experiments in Vertisols in India have demonstrated that high-quality
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soybean Rhizobium inoculants increased yield (by >100%) in comparison with yields
obtained in non-inoculated trials. It was found that seed inoculation treatments with
Bradyrhizobium japonicum gave higher grain yields, optimum growth and nodulation in

soybean crop (Rawat et al. 2013).

Inoculation of wheat seed with Azatobacter chroococcum strain MSX-9 resulted in
higher grain yield. The increase in these growth parameters; dry matter, may be due to
higher uptake of nutrients (Gupta and Aggarwal 2008). Azotobacter and azospirillum are
free-living bacteria that fix atmospheric nitrogen in cereal crops without any symbiosis
and they do not need a specific host plant. Azotobacters are abundant in well-drained,
neutral soil. They can fix 15-20 kg/ha N per year. Azotobacter sp. can also produce
antifungal compounds to fight against many plant pathogens. They also increase

germination and vigor in young plants leading to improved crop stands (Chen 2006).

Blue green algae represent a self-supporting system capable of carrying out both
photosynthesis and N fixation (Venkataraman 1981). Free living BGA constitute a major
group of nitrogen fixing microorganisms in rice fields and have a potential as bio-
fertilizer in rice cultivation (Roger et al. 1987). The cost-benefit ratio of algal bio-

fertilizer is quite lucrative and within the reach of average farmers.

2.2.2 Phosphate solubilizing microbes (PSM)

Under acidic or calcareous soil conditions, large amounts of phosphorus are fixed in the
soil and are unavailable to the plants. Phosphobacterins, mainly bacteria and fungi, can
make insoluble phosphorus available to the plant. The solubilization effect of
phosphobacterins is generally due to the production of organic acids that lower the soil
pH and bring about the dissolution of bound forms of phosphate. It is reported that PSB
culture increased yield up to 200-500 kg/ha and thus 30 to 50 kg of superphosphate can
be saved (Chen 2006).

The efficiency of phosphate fertilizers during the first year of application is very low (15-
20%) due to its fixation in acidic and alkaline soils. Therefore, the inoculations with

Phosphate Solubilizing Bacteria (PSB) and other useful microbial inoculants in these
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soils is beneficial to restore and maintain the effective microbial populations for
solubilization of chemically fixed phosphorus and availability of other macro and

micronutrients to harvest good sustainable yield of various crops.

Research has indicated that for example, acidifying rock phosphate by mixing rock
phosphate with sulfur and organic matter and using rock phosphate with microorganisms
including P solubilizing bacteria, sulfur oxidizing bacteria and Arbuscular Mycorrhiza

enhances P availability (Mishra et al. 2013, Khatibi 2011).

2.2.3Sulphur solubilizing microbes (SSM)

Bacteria of Thiobacillus genus are the main sulfur oxidizers in soil. Application of the
Sulphur solubilizing bacteria Thiobacillus thioparus has also been shown to increased
yield (Afkhami et al. 2014). Increase in yield at a lower cost to smallholder farmers
promotes sustainable agriculture which conserves the environment while enhancing food

security.

2.2.4. Plant Growth Promoting Rhizobacteria (PGPR)

Plant Growth Promoting Rhizobacteria (PGPR) represent a wide variety of soil bacteria
which, when grown in association with a host plant, result in stimulation of host growth.
PGPR modes include fixing nitrogen, increasing the availability of nutrients in the
rhizosphere, positively influencing root growth and morphology and promoting other

beneficial plant-microbe symbioses.

Ratti et al. (2001) found that a combination of the arbuscular mycorrhizal fungi Glomus
aggregatum, the PGPR Bacillus polymyxa and Azospirillum brasilense maximized
biomass and P content of the aromatic grass palmarosa (Cymbopogon martinii) when

grown with an insoluble inorganic phosphate.

Inoculation with PGPR such as Bacillus, Streptomyces, Pseudomonas, Burkholderia or
Agrobacterium increases plant access to nutrients, suppresses pathogens and directly
stimulates plant growth, increasing crop yields and reducing requirements for chemical

fertilizers and pesticides (Atieno 2011).
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Plants inoculated with PGPR take up N, P, K and microelements more efficiently from
the soil. Benefits of PGPR in crop production include improved soil ecology, plant
development and resistance against diseases and certainly help in the fight against hunger

(Egamberdieva et al. 2013).

2.2.5Fungi

Mycorrhizal fungus affects two aspects of sustainable agriculture: plant production and
soil quality. Arbuscular Mycorrhizae have multiple functions in the effective exploitation
of soil mineral resources; improved plant physiological performance (growth and
development, productivity, crop quality) under normal growing condition. They also have
bio-protective role against many soil pathogens; VAM pre-inoculated potato plants

resisted more effectively to infection by pathogens Rhizoctonia solani.

Mycorrhizae can alleviate abiotic and biotic stress factors, thus can be used as
biotechnology tools in sustainable horticulture for arid and semi-arid areas including

many species of cultivated plants (Delian et al. 2011).

Mycorrhizae are mutually beneficial (symbiotic) relationships between fungi and plant
roots. The plant roots transmit substances (some supplied by exudation) to the fungi, and
the fungi aid in transmitting nutrients and water to the plant roots. The hyphae reach into
additional and wetter soil areas and help plants absorb many nutrients, particularly the
less available mineral nutrients such as phosphorus, zinc, molybdenum and copper.
Mycorrhizae provide a protective cover thus increasing seedling tolerance to drought,

high temperatures, infection by disease fungi and even to extreme soil acidity.

Application of VAM produces better root systems which combat root rotting and soil-
borne pathogens. The greatest growth response to Mycorrhizal fungi is probably in plants
in highly weathered tropical acid soils that are low in basic cations and P, and may have
toxic levels of aluminium. Plants that have coarse or limited root systems should benefit

the most (Chen 2006).
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Hence the group of fungi, include microorganisms that improve nutrient availability to
plants (bio-fertilizers), increase tolerance to biotic stress such as soil born diseases (bio-
pesticides or bio-control agents), or have dual properties i.e. both bio-fertilizer and bio-

pesticide properties.

2.2.6 Fern

The use of nitrogen-fixing organisms, like Azolla, could effectively help developing
countries to achieve sustainable agriculture, without the risk of problems associated with
the adverse effects of chemical fertilizers on long term soil fertility, soil productivity and
environmental issues (Carrapico 2000). The Azolla-Anabaena symbiosis is outstanding

due to its high productivity combined with its ability to fix nitrogen at high rates.

Growing concern about conservation of the environment and the need for deploying
renewable, sustainable resources; the application of Azolla as a bio-fertilizer on
agricultural crops, in order to provide a natural source of the crucial nutrient N, can be
very beneficial to the future of our planet. Besides the environmental appropriateness of
the use of Azolla, for multitudes of farmers in many parts of the world who cannot afford
chemical fertilizers, Azolla application can enhance their economic status, increasing

yields while minimizing costs (Wagner 1997).

The water fern Azolla lives in a symbiotic relationship with a diazotrophic
cyanobacterium, Anabaena azollae. Because of its high productivity and nitrogen content
of its biomass, this association has been used as a bio-fertilizer for centuries in South East
Asia, mainly in rice cultivation. Use of Azolla is beneficial to the crop by providing
growth stimulating compounds produced by the endosymbiotic cyanobacterium (Milicia

and Favili 1992).

2.2.70ther mineral utilization micro-organisms

Some bio-fertilizers are exploited to address some unavailable mineral elements in the
soil, such as zinc and potassium solubilizing microbes and so on (Xiang et al. 2012).
Substantial quantity of applied inorganic zinc in soil is converted into unavailable form.

Zinc solubilizing bacteria such as Pseudomonas and Bacillus strains are potential
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alternates for zinc supplement as a sustainable solution to improve plant nutrient and
production (Goteti et al. 2013). Potassium solubilizing bacteria such as Bacillus
mucilaginosus, increased K availability in soils and increased mineral content in plant

(Sheng et al. 2002).

The above outline is important to regulators as it outlines the potential of bio-fertilizers as
supplements to chemical fertilizers. Bio-fertilizers can also enhance uptake of micro
nutrients and formulation of products should not be confined to those enhancing uptake
of macro nutrients only. Manufacturers can also formulate a wide variety of products that
can safely enhance uptake of nutrients by plants. Official Bio-fertilizer Standards should
be able to cater for a wide variety of products instead of focusing on a limited number
which may present a need to formulate new Standards when manufacturers come up with

new products.

2.3 Overview of Fertilizer Use, Production and Distribution in Kenya

The government has majorly promoted the use of chemical fertilizers among the
smallholder farmers through use of subsidy policy. Subsidized fertilizer is meant to
benefit the smallholder farmers who cannot be able to afford chemical fertilizers from the
private stockists. Promotion of bio-fertilizers has not received adequate support from the

government.

2.3.1 Chemical Fertilizers

Use of fertilizer and application depends on the agro-ecological zones and crops grown
(IFDC 2012). Nevertheless, application rates are not high enough to reverse the country’s
growing national food Deficit (Sheahan et al. 2012). The fertilizer products applied at
planting include DAP, MAP and NPK compound fertilizers such as 15:30:15, NPK
(25:5:5:5s) for tea and NPK (17:17:17) for coffee. Fertilizers containing secondary and

micronutrients are mostly used for horticultural crops.

Fertilizer adoption rates vary from 4 % (Coast Province) to a high of 90 % of households
in the high-potential maize zones. Cereals (maize, wheat, rice, sorghum, millet and

others), tea and coffee account for 75 %, 13 % and 6 % of the national consumption of
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fertilizer products in Kenya, respectively (i.e., over 90 % of all inorganic fertilizers)

(IFDC 2012).

The Kenyan fertilizer market is worth Kshs 32 Billion (Ministry of Agriculture 2014).
Kenya depends on the international markets for its fertilizer like most SSA countries.
Fertilizer imported into Kenya is sourced from the United States, Europe, the Middle
East, and South Africa (Wanzala et al. 2001). Local fertilizer production is non-existent
or limited (IFDC 2012). The majority of the local companies (Mea Ltd. and Athi River

mining Ltd.) only blend fertilizer for various crops and soils.

Plans are underway to have local manufacture of chemical fertilizer such as DAP, CAN
and NPK compound fertilizer with different formulation. The manufacturer will be able
to produce at total of 1,500 MT per day translating to 300,000 MT a year. The amount of
chemical fertilizers imported into Kenya ranges between 450,000 MT to 650,000 MT.
The amount of fertilizer consumed is approximately 530,000 MT per year. The amount

used for food crop production is approximately 400, 000 MT.

2.3.2 Distribution of chemical fertilizers

Most of the importers for fertilizers do importation and wholesaling only in Kenya. The
wholesalers’ functions are limited to stocking supplies, order processing, limited advisory
services and, in some cases, delivery of fertilizers. Besides selling fertilizers, some
stockists also give the farmers information on fertilizer use. The main task of retailers is
to provide an ‘assortment’ or wide variety of fertilizer at a single location, making it
convenient for farmers to purchase all their fertilizer needs from one location (Wanzala et

al. 2001). Smallholders source their fertilizers mainly from the stockists.

Since the liberalization of fertilizer trade in 1990, change in government policy on
fertilizer marketing led to reduced role of government created monopolies that were
involved in fertilizer trade such as Kenya Farmers Association (KFA). In 1993, the
Government of Kenya withdrew completely from fertilizer distribution and for a period

of time relied on the private sector and cooperatives to meet the fertilizer needs of
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farmers (Wanzala et al. 2001). However, the government is currently involved in giving

fertilizer subsidies to farmers.

Removal of policy related barriers such as import quotas and licensing led to more
entrants into the fertilizer marketing chain. Commonly available fertilizer packs are the
50 kg, 25kg and 10 kg packs. Majority of stockists (68%) break open mainly 50kg packs
and repack fertilizer in transparent polythene bags and sell it in small quantities using a
kilogram measure depending on the quantity demanded. The 50 kg pack is preferred by
stockists for breaking open because it rarely sold (due to inadequate quantities demanded)
or it could be the only pack available (Mose 1998). Access to fertilizer by smallholder
farmers should be achieved cost-effectively, under conditions of liberalized and

privatized trade in the input (Omamo 2003).

2.3.3 Fertilizer Subsidies

Subsidy is government money given to an industry to maintain low prices of a good or
service (Kamoni and Rotich 2013). Limited adoption of improved technologies such as
fertilizer use by farmers contributes to low food productivity and a key policy effort is to

promote use of chemical fertilizers through subsidies (IFDC 2012).

Objectives that drive the issuance of subsidies include the need to stimulate agricultural
production, improving soil quality in order to combat soil degradation, making inputs
available to farmers who cannot afford them and learning the beneficial use of fertilizers
(Wiggins and Brooks 2010). Thus subsidies on chemical fertilizers can raise food

production through increased fertilizer use (Druilhe and Barreiro-Hurle 2012).

Distribution of subsidies can either be done through ‘Smart’ distribution i.e. farmers
access the chemical fertilizers from agro-dealers at 50% of the price, or through
government distribution (IFDC 2012). The current method used in the distribution of
chemical fertilizers is through the National Cereals and Produce Board (NCPB),
Agricultural Development Corporation (ADC) stores and the Kenya Seed premises
(MOA 2014).
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Access to these subsidized chemical fertilizers is subject to recommendations from the

local agricultural officers. There are two types of subsidies:
1. Pro-poor subsidy

This has been allocated a budget of 3 M a year. It targets close to 100,000 poor farmers in
each county. The program takes care of households led by women, the sick and elderly
and also orphaned families. They are given fertilizers, seeds and agro-chemicals enough

for one acre without any charge (MOA 2014).
2. General subsidy

A total of 2.5 B is spent on general subsidies to farmers in different areas. Farmers are
issued with vouchers which they present on collection of the fertilizers (MOA 2014).
Input vouchers usually reduce the cost of fertilizer by the value of the voucher (Minot

and Benson 2009).

Nevertheless, subsidies create huge financial burden to the government (Minot and
Benson 2009). In addition, late delivery of fertilizers to farmers is also a downfall of the
fertilizer subsidy programme (Dittoh et al. 2012). Other failures experienced through the
subsidy system include poor targeting of resource poor farmers, political interference,
delays in payment of agro-dealers (Kamoni and Rotich 2014, Nzuma 2013). In general
subsidies are costly, disrupt private dealer systems and ineffective in assisting resource

poor farmers (Minot and Benson 2009).

The government should thus consider more sustainable options and set strategies of how
to get farmers to be aware and adopt new technology that is environmentally friendly and
sustainable such as the use of bio-fertilizers (Curtis 2013). Government investment in
agricultural research and extension is more sustainable than yearly reliance on fertilizer
subsidies to farmers (Minot and Benson 2009). Agricultural research and extension on
novel technologies will benefit the uptake of bio-fertilizers. Bio-fertilizers are affordable
thus do not create a need for subsiding the cost but regulation of quality to ensure farmers

have access to adequate quality products.
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2.3.4 Bio-fertilizers

Beside the use of chemical fertilizers, bio-fertilizer application is considered to be a part
of the solution to agricultural and poverty reduction problems (Alhassan 2003).The
National Food and Nutrition Security Policy 2011 recognizes the need for sustainable and
affordable food production increases. However, high fertilizer prices are a constraint to
access of these vital inputs and it impacts negatively on crop yields. Both public and
private sector interventions are necessary to ensure smallholder farmers access to yield

enhancing inputs.

The National Land Policy 2009 recognizes land resource as a factor of food production.
The policy proposes creation of an enabling environment for agriculture including
research, extension services and training of farmers. This will enable productive use of
large tracts of underutilized land and the conservation of good agricultural land. The
policy does not clearly point out sustainability issues in agricultural production systems

in Kenya.

Crop production systems ought to be regarded as ecosystems and all environmental
benefits and costs should be factored in management decisions (Robertson and Swinton
2005). For instance the policy ought to be clear on the type of agricultural inputs that
should be promoted among farmers. Excess use or low use of nutrients affects the

ecosystem (Robertson and Swinton 2005).

The management of the ecological aspect of agriculture determines the impact that will
be experienced in later years (Tilman et al. 2002). Increased yields should be obtained
sustainably and is especially considered in terms of external nutrient delivery systems
such as the use of fertilizers (Odum 1984). Novel Technology should be used to negate

soil mining patterns (Swinton et al. 2003).

Use of bio-fertilizer technology is useful conservation of the environment. Policy has to

establish and promote environmental conservation in order to control on long tern
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environmental costs (Arrow et al. 1995). The National Land Policy 2009 has not clearly

outlined the trends of fertilizer use and the environmental outcomes (Johns 2007).

Research into Rhizobium inoculants in Kenya are technological outputs of over two
decades of research by the Department of Land Resources Management and Technology
(LARMAT), under the Nairobi Microbial Resources Centre Network (MIRCEN’s)
project funded by UNESCO since 1977 (Odame and Kangai 2013). The MIRCEN
program aims at the conservation of microbial genetic resources and their utilization in

environmental management tasks (Keya and Imbamba 1986).

The centre functions as the anchor of a framework that was aimed at promoting high
value, low-cost technologies that improve rural agricultural practices, creating rural
market economies and providing more technological avenues for employment, increased
incomes and ultimate feeder industries to the urban sector, with an emphasis on research

and training in the production of bio-fertilizers (N2Africa 2011).

Since 1981 the Nairobi MIRCEN has produced an inoculant known as Biofix which is
the main inoculant in East African market (Odame 1997). Biofix is a fast moving product
and the Kenyan market consumes approximately 10% of the total production. Demand
for the product is in high in Central Kenya where the farmers work in groups. Local
demand has also increased from farmers in the Western Region. This is the only legume
inoculant commercially available in East Africa and is steadily being promoted among

farmer groups and agro-dealer associations (Wafulah 2013).

Biofix inoculant is produced for several legumes including bean, soyabean, pea,
groundnut, lucerne by Mea Ltd. Mea aims to expand production to about 10 tons in 2014
to satisfy increasing demand (Huising 2013). The Centre has a collection of more than

250 rhizobial strains from local and foreign sources (N2Africa 2011).

Through the African Knowledge Transfer Partnership (AKTP) supported by the British

Council, Mea Ltd. undertakes commercial production, distribution, farmer and agro-
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dealer training, demo- set up and marketing of the bio-fertilizer to farmers at an
affordable price while the University of Nairobi continues with research and quality
control of the inoculant. The company has adopted the Australian regulations for the

quality of their product in the absence of official Kenyan standards.

The manufacture of high quality inoculants revolutionized bio-fertilizer technology in
Australia in the 1960s as a result of the crop failure experienced in the country. Many
improvements to inoculants and the establishment of an inoculant control service ensured
that quality was optimized and maintained. Minimum standards for the number of
rhizobia per seed (1x10° Rhizobia per gram) were set after consideration of several

factors including seed size and loss of viability during inoculation (Deaker 2004).

The Australian standard of contamination level is also high; 10 free of contaminants.
The quality control bodies set bio-fertilizer standards, approve and supply mother
cultures to manufacturers annually, test all batches of bio-fertilizers before sale and
sample the products at the point of sale. The control scheme has implemented standards
without resort to legislation and this has been possible due to the cooperation of the
manufacturers’ involved allowing flexibility in applying the standards (Bullard et al.
2004). This is a case where the percentage of satisfactory inoculant products was

obtained without enforcement of inoculant quality by official control.

Inoculant manufacturers have the same priorities as farmers but need also to have
products with an extended shelf-life, allowing a storage of 1 to 1.5 years in warehouse
conditions, in order to be able to sale their products over two cropping seasons (Catroux
et al. 2001). However, formulation into products with a long shelf-life is sometimes
rather problematic for gram-negative than for spore producing gram-positive bacteria
(Berg 2009). The number of viable cells decreases with time thus the short expiration
period of bio-fertilizers. Biofix expiration period is 90 days, thus the inoculant produced

for one bimodal season should not be used the next.
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Nevertheless, the technology has very limited adoption among legume farmers in the
country because more emphasis was laid on scientific research and human resource
training and less on technology deployment, as per the initial plans (Odame and Kangai
2013). Some factors responsible for the low demand for the inoculants included
inadequate and inefficient marketing channels and outlets, as well as inadequate

extension services covering inoculant use (Odame, 1997).

Kenya needs to identify a number of key issues covering policies, laws, regulations,
standards and institutional arrangement for commercialization of bio-fertilizers. The main
objective should be to establish a regulatory framework and provide legitimacy to the
process of incorporating bio-fertilizers into the farming production systems, ensuring bio-
safety conditions, and to promote the development of modern biotechnology in farming

production (Carullo 2002).

Kenya’s bio-fertilizer uptake is affected by lack of adequate legislation and capacity
(Simiyu et al. 2013). The regulatory frameworks are in drafts and include the draft bill
on Fertilizers and Soil Conditioners, Sessional Paper on Soil Fertility and bio-fertilizers
Standards KS 2356:2012. The current fertilizers and Animal Foodstuffs Act does not

incorporate bio-fertilizers thus the need for amendment.

Aside from extensive research on bio-fertilizers, transfer of the technology to farmers
should also be given the same weight. In the formulation of policies, environmental
considerations should be integrated to ensure the environment is protected for the benefit
of all. Regulations also impact on the adoption of fertilizers in the country and without

effective regulations uptake is hampered.

2.4 Regulation and Quality Control of Bio-fertilizers

Effective execution and regulation of the proper procedures to guarantee removal of
substandard bio-fertilizers are still needed in Kenya (Liverpool-Tasie et al. 2010).
Regulatory systems to ensure efficacy, safety, and cost effectiveness of bio-products have

to be established (FFTC 2007).
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Application of bio-fertilizers is a potential practice in the agricultural systems for
improving farmers’ current productivity holding promised results to increase soil and
crop productivity (Selvakumar et al. 2012). Thus government should promote the use of

bio-fertilizers along with other fertilizers (Ghosh 2003).

Policies made should encourage fertilizer use in ways that are technically efficient,
economically rational and market friendly while promoting agricultural intensification in
a manner that maintains soil fertility (Morris et. al 2007).Without enabling policies
potential benefits of bio-fertilizers remain largely untapped for the small-holder farmers
(Simiyu et al. 2013). Simiyu et al. (2013) stated that presently small-holder farmers who
venture into the use of bio-fertilizers are confronted by under-regulated increase of poor

quality products.

2.4.1 Quality Control

Kenya should focus on policy, quality standards and approval protocols for
commercialization of bio-fertilizers (IITA 2014). Sahai (1999) stated that quality control
of bio-fertilizers such as the inoculants is very important. Quality control is the process of
checking the quality of the material under test against the standard set by the
organizations (Singh and Gupta 2014).

Quality i.e. the number of selected micro-organism in the active form per gram of bio-
fertilizer is an essential element in the market as the entry of new units also heightens the
threat of poor strains appearing in the market and ruining the farmers’ confidence for use
of products in their fields (Ghosh 2003). The level of bacteria in a bio-fertilizer should be

sufficient to inoculate plants and give economic benefits (Bashan 1998).

In addition, bio-fertilizers are carrier based preparations containing beneficial
microorganisms for seed or soil application to improve soil fertility and help plant growth
by increasing the number and biological activity of desired microorganisms in the root
environment (Chairman et al. 2013). Macronutrient content, such as N, P and K, in some
bio-fertilizers carriers exceeds that in organic fertilizers depending on the origin or type.

This is often questioned whether plant growth increase is due to microbial activities or
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nutrients and other compounds added to the carrier. Without proper attention, this
condition will negate promotion to develop environmentally benign agriculture through
increase use of non synthetic agrochemical inputs on agricultural lands (Husen et al.

2011).

A good carrier should posses as much as the properties such as good moisture absorption
capacity, easy to process and free of lump-forming materials, easy to sterilize, low cost
and availability in adequate amounts, and good pH buffering capacity (Keyser et al.
1993). On the other hand, some of bio-fertilizer carriers are produced from the municipal
waste compost which may contain significant amount of heavy metals (Husen et al.

2011).

When regulation is effective, it contributes to the development of safe and crop
production (Tripp and Gisselquist 1996). Regulatory systems often control the quality of
products that are sold in the market for checking whether the products are unadulterated

and correctly labeled or not (Tripp and Gisselquist 1996).

Labeling is important in the commercialization of the products to inform the user about
the product facts (CFIA 2014). Labels of the bio-fertilizers should also not misinform
through false, misleading or deceptive representations (IFDC 2012).  This important
information, i.e. microbial species/strains, densities and functions, as well as direction for
application in the label should be obligatory (Husen et al. 2011) since the quality of a bio-
fertilizer depends on the number of active microorganisms per gram at the time of
manufacture and expiry, shelf life, permissible contamination rate, pH, moisture and

carriers (Akter et al. 2013).
Fertilizer Control Order (FCO) (1985) reported that fertilizers should be deemed to be

adulterated if they endanger soil microbes and crop quality. Thus, a strict regulation on

carrier composition should be defined in quality specification (Husen et al. 2011).
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A sustainable agriculture system utilizes renewable inputs, which can maximize
ecological benefits and minimize environmental hazards. Use of chemical fertilizers is
expensive and their excessive use is a threat to soil health, the environment and
sustainability of food production (Dhar et al. 2009). Bio-fertilizers are affordable
environmentally safe farm inputs that can be used to increase yields. Nevertheless,
adequate quality and efficacious bio-fertilizers should be available to smallholder
farmers. Awareness on the benefits and application method of bio-fertilizers can be

promoted through farmer training and education.

Work done by several authors on bio-fertilizers in Kenya demonstrates the need for an
effective regulatory framework. Odame 1997, states lack of effective cooperation among
private-sector manufacturers, local stockists, NGOs and involvement of farmers, as well
as policy support at the national level and minimal extension services have affected the
use of bio-fertilizers in the country. The Bill on Fertilizers and Soil Conditioners and
Sessional paper on Soil Fertility have also been in draft form since 2006. Quality control
efforts have also be dampened due to availability of draft standards (Kahangi et al. 2011).
This has hampered effective regulation and quality control of bio-fertilizers. Simiyu et al.
2013, singles out that an ineffective regulatory framework in Kenya has hindered
commercialization. This research therefore has looked into the aspects that are required
or should constitute an effective regulatory framework and strategies to increase use of

the products among farmers.

The following is a breakdown of how the study was conducted including the foundational

aspects.

2.5 Theoretical Framework

This research can be understood through the Precautionary Principle as a keystone. Even
though bio-fertilizers are regarded as environmentally safe precaution has to be taken in
the widespread use of the products and this can be achieved through effective regulations.
Such regulations can ensure the protection of humans, plants and animals with the use of
the products; through availability of safety and quality standards and its effective

enforcement.
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Environmental Law is focused on the prevention or correction of harm to the
environment, or creating conditions that ensure environmental preservation and
protection. The precautionary principle can be applied in order to protect the
environment. Where there are threats of serious or irreversible damage, lack of full
scientific certainty shall not be used as a reason for postponing cost effective measures to
avoid environmental degradation. Although Bio-fertilizers are regarded as
environmentally safe they can be contaminated potentially introducing pathogens in the
environment thus the products have to be regulated to ensure that they do not cause any

contamination to the environment.

The precautionary principle gives an obligation to regulators to make consideration of
harmful effects that may arise from activities in the environment (Cameron and Abouchar
1991) such as the use of bio-fertilizer technology. The government is obligated to ensure
protection and conservation of the environment and natural resources by Article 42 and
69 of the Constitution of Kenya 2010. Processes and activities that are likely to endanger
the environment should be eliminated. This calls for the need to take precaution in the
introduction of new biotechnology products into the market. The role of the government
is thus to ensure that only adequate quality bio-fertilizers that are efficient in boosting

crop growth are allowed in the market.

First, the laws and policies must be updated as and when necessary, to move with the
changing trends and act as directives to ensure protection of the environment is upheld.
Secondly, quality standards have to be set before the introduction of any new bio-
fertilizer into the market. No product of low quality standards should be allowed into the
market. Thirdly, monitoring and compliance system has to be very active in terms of
keeping a constant track of all the bio-fertilizers in the market and ensuring that the
standards are upheld by manufacturers. Fourth, infringement of any of the requirements
should attract severe penalties that would deter any manufacturer or reseller from the

distribution of low quality bio-fertilizers.

The constitutional obligation of the government to protect the environment provides a

well-established justification for a legal response. Production of food has to be done in a
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sustainable manner that ensures conservation of the environment. In addition, the
government has the obligation to ensure food security, article 43, in which every person
has the right to have adequate food of acceptable quality and access to clean and safe
water. Use of adequate quality bio-fertilizers can enhance food security in an

environmentally sustainable manner.

Article 69 calls for the protection, sustainable management of the environment and
avoidance of environmentally harmful activities through establishment of systems of
environmental impact assessment and environmental monitoring. Use of agricultural
inputs, fertilizers, is a necessity to enhance food production. Thus, the government has to
explore safe and affordable options such as promoting use of bio-fertilizers, in order to
enhance food production with minimum destructive effects to the environment. However,
availability of adequate quality products must be ensured and this can be provided for in
effective regulations that can outline how quality assessments can be done and also

continuous sample testing to ensure manufacturers adhere to set quality standards.

Effective regulations become a necessity to ensure only adequate quality products are
available to farmers. The uptake of bio-fertilizers can then be increased and the outcome
will be the protection of the environment. Government intervention is required in
updating the available laws and setting in place stiffer penalties for law breakers which

will lead to environmental conservation.

Then government is also obligated to create awareness on the availability of adequate
quality bio-fertilizers. Consumers (smallholder farmers) have the right to products of
reasonable quality and the right to information necessary for them to gain benefits from

the goods i.e. bio-fertilizers, according to article 46 of the constitution.

The need to promote awareness is also extended by Article 43 of the constitution, in
which the state shall publicize important information to the citizens. The government is
tasked to ensure smallholder farmers have access to knowledge and training on the use of

bio-fertilizers in order to enable them to make informed decisions on environmentally
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sustainable agriculture. The government can implement policy actions that will enhance

the creation of an enabling environment to facilitate bio-fertilizer market development.

2.6 Conceptual Framework

Increased Need for increased Use of chemical
population food production fertilizers

Sustainable
agricultural
production

Environmental Lack of
Effective policies degradation

and regulations

effective
policies and
regulations

Increased Adequate .quality Introduce Poor quality
use of bio- and effe'c.tlve bio- environmentally and ineffective
fertilizers fertilizers safe bio-fertilizers bio-fertilizers

Increased awareness,
affordable and Effective market
accessible products, place monitoring
good handling practices, of bio-fertilizers

better environmental

management

Population increase prompts the need to increase food production. Fertilizers are used as
a source of nutrients for crops and are required to obtain increased yields in intensive
agricultural systems. However, overuse or underuse of chemical fertilizers leads to
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