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Abstract

Maintaining soil fertility is one of the main factors affecting the sustainability of food production. Indiscriminate
use of chemical fertilizers, coupled with neglected maintenance of the vitality of the soil and the use of
destructive methods have caused loss or destruction of the existing population of soil organisms. The use of
chemical fertilizer, organic fertilizer or bio fertilizer has its advantages and disadvantages in the context of
nutrient supply, crop growth and environmental quality. The advantages need to be integrated in order to make
optimum use of each type of fertilizer and achieve balanced nutrient management for crop growth. This review
study showed that balanced fertilization using both organic and chemical fertilizers is important for maintenance
of soil organic matter (OM) content and long-term soil productivity in the tropics where soil OM content is low.
The basic concept underlying the ISFM is the adjustment of soil fertility and plant nutrient supply to an optimum
level for sustaining desired crop productivity through optimization of the benefits from all possible sources of
plant nutrients in an integrated manner. Therefore, increased attention should be being paid to developing an
integrated soil fertility management that maintains or enhances soil productivity through balanced use of all
sources of nutrients, including chemical fertilizers, organic fertilizers and bio fertilizers.
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Introduction

Soils in sub-Saharan Africa are declining significantly, posing a major risk to food security. In expanding
agriculture farmers deforest the existing land forest and expand agricultural land without organic matter
management. Livestock productions on unprotected land lead to overgrazing process and bare the land of grasses,
which directs the land to be liable to further degradation through erosion (Mulualem and Yebo, 2015). Thus, all
these practices cause low soil fertility. Low Soil fertility is one of the major constraints affecting crop production
in sub-Sahara Africa (Bekunda et al., 2010).In many parts of Africa repeated cultivation of land with
inappropriate farming method is causing depletion of nutrients and organic matter. Studies have shown that there
is negative balance of nitrogen, phosphorus and potassium in most sub Saharan African countries. Soil fertility
depletion factors in small holder farmers are fundamental cause for declining per capital food production in sub
Saharan Africa (Endris and Dawid, 2015).

Although Chemical fertilizers has great role in intensification of crop production, due to lack of
adequate supply and lack of affordability the yield of crop is low as compared with potential yield. Alliance for
green in Africa (AGRA), suggested that huge gap in yield existing between Sub Sahara Africa (SSA) and
developed world can be closed by managing soil nutrient and proper agricultural practices (Sanginga,
2012).Farmer’s perception knowledge is very valuable, for instance in some part of Ethiopian farmers realized
that fertilizer application gives better yield when follow a rotation of some kind legume crop. Therefore,
combined different farming system and agronomic practices can help to solve the problems of soil fertility
(Mulualem and Yebo, 2015).

Some integrated soil fertility management (ISFM) interventions have seen large adaption across SSA
(Vanlauwe et al., 2010). ISFM can give benefit to production and livelihood of farmers; the resilience of
cropping system to climate change impacts and mitigation of greenhouse gas from fertilizers and soil. Besides
ISFM is a means to increase crop productivity in a profitable and environmentally friendly way. ISFM is a
technology that combines a mix of organic and inorganic fertilizers used in order to maximize nutrient use
efficiency of soil (Hintsa et al., 2016). Research on the determination on optimum of organic and inorganic
source could be increased in yield and sustainability of soil fertility. Thus, ISFM can help farmers in improving
nutrient use efficiency and reducing cost of inorganic fertilizer. Therefore, the objective of this paper is to review
different components of integrated soil fertility managements and its effect on crop production.

Soil Fertility Status of Sub Saharan Africa

Soils are an integral component of agriculture and serve as medium for numerous eco-biological, chemical and
physical processes (Omotayo and Chukwuka, 2009). Therefore it is needed to manage soil resource in order to
achieve optimum productivity (Omotayo, 2009). The goal of soil management is to create healthy environment
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which retain balanced nutrient status monitored over time. Soil productivity maintenance remains a major
environmental issue in countries of SSA (Feller et al., 2012). Countries like SSA, unsuitable soil management
activities including deforestation, indiscriminate vegetation removal, overgrazing and use of marginal lands for
agricultural purposes often increases degradation of soils and environmental damage (Henao and Baanante,
2006). Decline in soil fertility as a result of land degradation decreases farmland productivity. Estimates
indicated that a net loss of about 700 kg of N, 100 kg of P and 450 kg of K per hectare in about 100 million
hectares of cultivated lands over the last 30 years of several countries in SSA (Ibrahim et al., 2015). Many parts
of SSA where poor soil conservation methods prevail, long term productivity of soil is projected to decline
considerably unless soil management practices improve. A World Bank report estimated the rate of cereal yield
increase in sub Saharan Africa over the years at a very low rate of 0.7% compared to growth rates in other
developing regions of the world of 1.2 - 2.3% (Bell et al., 2008). These decreases trend of yield may be the cause
for food security problem in sub Saharan countries. This review highlights the recent advances in soil
improvement activities in SSA countries through employment of organic amendments.

Integrated soil Fertility Management

Maintaining soil fertility is one of the main factors affecting the sustainability of food production. Indiscriminate
use of chemical fertilizers, coupled with neglected maintenance of the vitality of the soil and the use of
destructive methods have caused loss or destruction of the existing population of soil organisms (Geisseler and
Scow, 2014; Ebrahimi et al.,, 2016).ISFM was defined as a set of soil fertility management practices that
necessarily include the use of fertilizer, organic inputs, and improved germplasm combined with the knowledge
on how to adapt these practices to local conditions, aiming at maximizing agronomic use efficiency of the
applied nutrients and improving crop productivity. All inputs need to be managed following sound agronomic
principles (Vanlauwe and Zingare, 2011).Thus; ISFM includes combination of both organic and inorganic source
in a sustainable way to improve crop productivity. Integrated soil fertility integrates organic and inorganic
methods of soil fertility managements with physical and biological measures of soil and water conservation. It
integrates technologies that are site specific to agronomic and socio economic conditions to redress nutrient
imbalance and organic matter deterioration and it focus on judicious use of mineral fertilizers, maximizes
organic fertilizers and reducing environmental impacts (Sommer et al., 2013). Waste lands are converted high
fields on the same lands for many years by eliminating the needs for clearing new lands by using integrated soil
fertility management, better use of organic materials available on farm to build up soil organic matter (Hintsa et
al., 2016). ISFM also considers the knowledge of farmers so that it is easy to adapt and economical rather than
depending entirely on inorganic fertilizers. Research has identified intensification options in agricultural
production including integrated options such as combined use of organic and inorganic inputs, micro dosing of
fertilizers, legume-cereal integration through rotations and intercropping, conservation agriculture and agro
forestry options, among others (Vanlauwe et al., 2015).The goal of sound soil management is to create a healthy
soil environment which may retain balanced nutrient status such that its fertility is maintained over time. The use
of external inputs is a nutrient management option that has attracted the most studies in SSA. Several decades of
research showed that deficiencies of macronutrients such as N, P, and K are major limitations to crop production
(Ayalew, 2011; Aleminew and Legas, 2015; Argaw and Tsigie, 2015), and lately the limitations of secondary
nutrients and micronutrient deficiencies are gaining traction (Habtegebrial, 2013).

Use of Mineral Fertilizers

Mineral fertilizers are materials, either natural or manufactured, containing nutrients essential for the normal
growth and development of plants. Plant nutrients are food for plants some of which are used directly for human
food, others to feed animals, supply natural fibers or produce timber (Mosier et al., 2013). Man and all animals
depend entirely on plants to live and reproduce. Nitrogen, phosphate and potash fertilizers are primary mineral
fertilizers produced by the fertilizer industry. Mineral fertilizers are required to supplement the nutrients recycled
or added in the form of crop residues and animal manures. Fertilizers are concentrated sources of essential
nutrients in a form that is readily available for plant uptake (Fairhurst, 2012). Chemical fertilizers provide short-
term nutrient needs of agricultural products, and long-term soil fertility is fallen into oblivion by farmers and
agricultural producers. Moreover, the common fertilization system is focused on providing a limited number of
macronutrients, while it is scientifically known that plants need at least 13 available minerals in the soil (Atiyeh
et al., 2000). Studies have shown that the excessive and unbalanced use of chemical fertilizers in the long run
decreases crop yield, biological activity, soil physical properties, and increases accumulation of nitrates and
heavy metals and soil acidity (Aseri et al., 2008; Yoshida et al., 2016). Other studies have proven that continued
use of chemical fertilizers reduces crop yield due to soil acidification, loss of soil physical and chemical
characteristics, and the lack of appropriate micronutrients in these fertilizers (Ghimire et al., 2017).
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Use of organic source

In organic source the nutrient is released at slower rate when compared with mineral fertilizers. To make the
nutrient available they should decomposed with microorganisms (Hintsa et al., 2016). The use of organic source
helps to increase crop response to mineral fertilizers, improving moisture ability of soils, adding nutrients that do
not contained by mineral fertilizer, creating better rooting environment, replenishing soil organic matter
(Fairhurst, 2012). Study indicated that use of organic fertilizers increases soil organic matter, improves microbial
activity, and provides both macro- and micronutrients required for the plant in a more efficient way (Angin et al.,
2017).Research designated that organic fertilizer has some limitation. Transporting large amount of organic
fertilizers is difficult to transport especially when it is manure and slurry which incurs high cost. The
composition of organic fertilizers lands to be manure complex and variable than a standardized in organic
product from plant or animals matter that are harmful to humans or plant (Hintsa et al., 2016). Soil organic
matter (SOM) plays a crucial role in maintaining sustainability of cropping systems by improving soil physical,
chemical and biological properties (Diacono and Montemurro, 2011; Fageria, 2012). Organic farming has
become a part of the global agricultural industry and therefore organic products are traded not just between
farmers and regions but between countries and continents (JARVAN et al., 2017). Some of the organic resources
are reviewed below.

A. Compost

Compost is rotting down of plant or animal residue (remains) in heap or pits before the residue is applied to the
soil. In the preparation of the compost, the rate of decomposition is controlled by the aeration condition and
water contents of the pits. Composting affects the physical and chemical properties of the soil. Organic matter
(compound) introduced with the compost to the soil and produced by the subsequent biological activity work to
promote soil aggregation and enhance aggregate stability (Bot, 2005). Regarding to its effect in chemical
properties of soil, Buzie-Fru (2010) stated that when compost is incorporated in soil there are immediate
calculable changes in the concentrations of nutrients trace metals and other chemical compounds that result from
the application rate and composition of two materials. It has a role in changing PH of the soil due to their content
of carbonate and organic matter; the carbonate makes rise in PH while the organic matters buffers the system
somewhere neutral (Fijatkowski et al., 2012).1t is indicated that regular addition of organic materials, particularly
the composted ones, increased soil physical fertility, mainly by improving aggregate stability and decreasing soil
bulk density (Diacono and Montemurro, 2011). On the other hand, composts can have direct effects against
disease, as well as stimulation of the competing microorganisms and also development of resistance in plants
against diseases (Ebrahimi et al., 2018). Addition of organic materials of various origins to soil has been one of
the most common practices to improve soil physical properties (Celik et al., 2004).In line with this finding a field
experiment was conducted by Ebrahim et al. (2019) for two years continuously to evaluate the influence of using
four different soil conditioners: cow manure (CM), household compost (HC), spent mushroom compost (SMC),
and vermin compost (VC). Results indicated that treatments with CM showed significantly higher tomato yield
in the first year (103 t ha™') compared to other composts, but in the second year, SMC produced a higher yield
(58 tha™'). In contrast to this result, Mehdizadeh et al. (2013) showed that HC had a significantly better effect as
compared to CM, poultry manure, and sheep manure, in cumulative tomato yield and the number of tomato per
plant. In the proposed study, there was a reduction on tomato yield in the second year due to warm weather
during the transplanting phase. Therefore composting has a positive effect in maintain soil fertility.

B. Farm yard manure

Organic agriculture is a production system which relies on ecosystem management and ecological processes
rather than on the external flow of agricultural inputs (Foissy et al., 2013). Well-rotted farmyard manure is a soil-
enriching product, produced from organic matter that helps to boost the nutrient levels and properties of the soil.
Why use farmyard manure? Farmyard manure (FYM) is a valuable soil improver that enhances and restores a
range of natural properties of the soil. Related to this JARVAN et al. (2017) reported that FYM is one of the
more valuable organic fertilizers maintaining soil fertility in the systems of alternative agriculture. Maintenance
and improvement of soil potential fertility are closely related to the maintenance of soil organic matter and
organic carbon balance (Baksiené et al., 2014). On organic farms, where the importation of materials to build
and maintain soil fertility is restricted, it is important that a balance between inputs and outputs of nutrients is
achieved to ensure both short-term productivity and long-term sustainability (Foissy et al., 2013). The
sustainability of stockless organic farming systems is questioned, noticeably those that were located in regions
where resources of organic matter are scarce. Only farming systems producing large quantities of manure or
which purchased feed showed balanced nutrient budgets (Foissy et al., 2013). Farmyard manures are the major
source of nutrient supply also on small farm holdings (Fageria, 2012). As stated by Smith and Williams (2016),
cattle manure comprised 80% of the total UK animal livestock manure production during the housing period,
there at about 53% of this was estimated to be as solid, mainly straw-based cattle manure. In the intensive
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livestock farms with a limited area of agricultural land there is a risk of over-fertilizing with manure, which may
result in increased nutrient leaching and groundwater contamination (JARVAN et al., 2017). The long-term
lysimetric experiments on a sandy loam Luvisol showed that the intensive application of straw-based cattle
manure (at 300 kg ha™! N rate annually) resulted in great amounts of nitrogen and calcium leached from the soil
(Tripolskaja et al., 2016). Beneficial effect of farm yard manure is increase availability and mobility of
Phosphorus and micro nutrients. Experiment conducted at Haramaya University showed that FYM in
combination with mineral fertilizers gave good yield in hybrid Maize (BH -140) from the treatments 4 ton ha’!
FYM +75 kg N ha'! with 60 kg P ha'! performed best among others, with maize yield of 8.16 tons ha"!(Mulualem
and Yebo,2015). Another experiment conducted at Haramaya University indicated that the combined analysis of
variance on hybrid maize (BH-140) yield and harvest index over years showed the presence of no significant
difference among treatments with 10 tons/ha FYM and 100 kg/ha N +100 kg P/ha (Bekeko, 2013). The impact
of animal manure depends on soil texture (JARVAN et al., 2017). According to Dunjana et al. (2012), the
addition of cattle manure resulted in significant (P < 0.01) increases in soil organic carbon (SOC), macro-
aggregate stability and aggregate protected carbon in clay soils. However, the addition of cattle manure on sandy
soils, in contrast, increased significantly (P < 0.05) only SOC but had no impact on soil bulk density and
aggregate stability. Addition of animal manure may increase biodiversity in the soil, thereby causing alteration in
composition, size, and activity of soil microorganisms and enzyme activities (Watts et al., 2010).

C. Green Manuring

Green manure is a type of cover crop grown primarily to add nutrients and organic matter to the soil. Green
manuring may be defined as a practice of ploughing or turning into the soil un-decomposed green plants or their
residue for the purpose of improving physical structure and fertility of a soil (Pandey & Singh, 2016).Organic
manures were considered as the cheap and chief source of plant nutrients and soil amendment. Complete
dependence on chemical fertilizers is making the soil unfertile and less productive in absence of organic material
besides soils (Nayak and Vaidya, 2018). A green manure crop is grown for specific period of time and then
ploughed under and in corporate in the soil (Hintsa et al., 2016). A green manure is a crop used primarily as a
soil amendment and a nutrient source for subsequent crops (Cherr et al., 2006). The practice of green manure
provides many improvements in chemical, physical and biological characteristics, through increases in organic
matter content and microbial activity, nutrient cycling, disruptions of compacted layers, decreased erosion,
incidence of pests and diseases, and suppression of weed plants for sustainable fruit production system (Zaccheo,
2016). Organic matter in soil is an imperative indicator of soil fertility (Rahman, and Parkinson,2007) which can
improve soil structure, nutrient exchange and maintain soil physical conditions (Schrdder,2005). It also
reduces the level of carbon dioxide in the atmosphere that contributes positively to climate change
(Lal,2016). The benefit of using green manuring is addition of nitrogen. When the non-legume plant is buried
under only N from the soil is returned to the crop. For example, multi-purpose soyabean varieties used for food,
feed and soil fertility improvement provide a large biomass that benefits the next crop in the rotation in addition
to an acceptable grain yield (Fairhust, 2012). The other importance of green manuring is to control soil erosion
because it improves the soil structure thus improves water holding capacity of the soil. It is a well-known fact
that use of green manure increase the yield of crops, however it is not practical by most farmers in Ethiopia for
most reasons that most trees provided for this purpose are exotic, and the trees are slow growing, and research
attention is not given in this area (Haile, 2012). Green manuring improves water holding capacity of the soil,
especially in sandy soils, where losses of nutrients occur due to fast downward movement of water (Nayak and
Vaidya, 2018). Green manures increase soil microbial biomass and activity and cause distinct changes in soil
microbial populations that may be partially responsible for suppression of diseases (Larkin, 2013). Soil borne
pathogens causes crop yield losses in many plants (Oerke , 2006). Effect of green manuring on fungal diseases
like the rhizoctonia root rot disecase of bean was caused by Sclerotinia spp. and it was reduced by the
decomposition of green plant materials (Pung et al., 2004). Biological control against nematodes could also be
possible by green manure (Agbenin et al., 2011). Green manures increases pathogen inhibitory activity within
the streptomycete community in soil in conjunction with crop rotation and control the soil-borne plant pathogens
(Wiggins and Kinkel, 2005).

Integrated Effect of Organic and In Organic Source Fertilizers on Crop Productivity

Integrated plant nutrient management is the application of inorganic fertilizer in combination with organic
fertilizer to maintain soil fertility and to balance nutrient supply in order to boost up the crop yield per unit area
(Mahajan et al., 2008; Roberts, 2010). Emerging evidence indicated that integrated nutrient management
involving the judicious use of organic and inorganic resources is a feasible approach to overcome soil fertility
constraints (Abedi et al., 2010). Kaur et al. (2008) stated that a judicious combination of organic amendments
and inorganic fertilizers is widely recognized strategy of integrated nutrient management to sustain agronomic
productivity and improve soil fertility. Several researchers have demonstrated the beneficial effect of combined
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use of chemical and organic fertilizers to mitigate the deficiency of many secondary and micronutrients in fields
that continuously received only N, P and K fertilizers for a few years, without any micronutrient or organic
fertilizer. In line with this Arif et al.(2014) reported that application of poultry manure 10t ha! in combination
with 50% of recommended dose of fertilizer increased grain yield of rice by 32%. Authors also stated, the
higher yield obtained with integrated use of organic manure and inorganic fertilizers was attributed to
increased nutrient availability and uptake, resulting in greater number of fertile tillers, number of grains per
panicle, number of panicles per hill, filled grains per panicle, 1000 grain weight, biological yield, grain yield and
harvest index. On the other hand, Shah et al.(2010) concluded that the best wheat yield was obtained from plots,
which received 25% N from farm yard manure with either 25% from city waste or poultry waste and 50%
mineral N (urea) than of plot receiving only inorganic nitrogen. The results were similar with that of Abera et al.
(2018) who reported  significantly higher grain yield and biomass yield of barley were obtained with the
application of sole recommended NP and the integrated use of 50: 50% vermin compost and conventional
compost with recommended NP. Another experiment conducted in central highland of Ethiopia on integrated
soil fertility in wheat and teff showed that the organic carbon content increase under organic and combination of
organic and in organic condition. Application of inorganic or organic nutrient sources alone or mixed has
significant effect on wheat grain yield, total biomass and harvest index but didn’t affect the thousand grain
weight. Higher yield, total biomass and straw yield was obtained from the combination of organic and inorganic
compounds yield increase was over 100 %( Agegnehu et al., 2014).The same is true that grain yield, total
biomass, straw yield has also responded for combined use of organic and in organic plant nutrients. Another
experiment conducted on the effect of integrated soil fertility on Maize in acidic Nitosols in southwestern
Ethiopia, on three sites Burka, Wenji and Waktola showed that the highest grain yield recorded at the site of
Wenji and Waktola is on treatments of recommended 50% NP + 50% Tithiona biomass and recommended 50%
NP + 50% compost respectively with grain yield of 4684.3kg ha'! and 3936.8 kg ha™! (Endris and Dawid, 2015).
Thus, integrating organic and in organic sources of nutrients can give better yield than sole application of
inorganic fertilizers in most cases and also be economical rather than depending on entirely on inorganic
fertilizers and also helps maintain soil fertility which a concern especially in Sub Saharan Africa.

Conclusion

Integrated soil fertility management helps to reduce considerable amount of inorganic fertilizers. Organic
fertilizers enhance effect use of inorganic fertilizers and it also reported that integrated use of organic residues
with inorganic one helps to reduce the cost by 25%. Furthermore, use of inorganic soil ameliorates in
conjunction with slow release mineral has the advantages of increasing the nutrient storage capacity of the soil.
In developing countries like Ethiopia with low input utilization of fertilizers, integrated use of organic and
inorganic fertilizers can be a solution. Application of mineral fertilizers demand high cost. A high degree of
variability in crop response to nutrients and amendments is observed in major crop growing areas in SSA.
Therefore, by integrating inorganic fertilizers and organic fertilizers which are available or prepared by using
local material yield increment can be attained with sustainable soil fertility management. In a nutshell, future
research could be give due attention to developing an integrated plant nutrition system that maintains or
enhances soil productivity through balanced use of all sources of nutrients, including chemical fertilizers,
organic fertilizers and bio fertilizers in SSA.
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