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Abstract
This paper reviews current organic nutrient management practices and their integration
with mineral fertilizers in Sub-Saharan Africa with a view to understanding the potential
impacts on a range of input markets. A number of diﬀerent organic nutrient management
practices have been found to be technically and ﬁnancially beneﬁcial, but they diﬀer considerably as to their eﬀectiveness and resource requirements. A review of African smallholder experiences with integrated soil fertility management practices ﬁnds growing use,
both indigenously and through participation in agricultural projects. Patterns of use vary
considerably across heterogeneous agroecological conditions, communities and households,
but are stimulated by proﬁtable commercially oriented agricultural opportunities. The
potential for integrated soil fertility management to expand markets for organic inputs,
labor, credit, and fertilizer is explored. We found that there are few direct analyses of these
links and indirect evidence at this point in time is inconclusive.
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Introduction
Soil fertility replenishment in Sub-Saharan Africa (SSA) is increasingly viewed as
critical to the process of poverty alleviation; this was symbolized clearly by the
award of the 2002 World Food Prize to Pedro Sanchez, a pioneer in the ﬁeld. Soil
fertility is crucial because African poverty is mainly a rural phenomenon and per
capita arable land in SSA has shrunk from 0.53 to 0.35 hectares between 1970 and
2000 (FAOSTAT, 2002).1 Accelerated and sustainable agricultural intensiﬁcation is
required. Yet intensiﬁcation, increased agricultural productivity and improved
rural livelihoods cannot occur without investment in soil fertility.
African soils exhibit a variety of constraints: physical soil loss from erosion,
nutrient deﬁciency, low organic matter, aluminum and iron toxicity, acidity, crusting, and moisture stress. Some of these constraints occur naturally in tropical soils,
but degradation processes related to land management exacerbate them. Estimates
suggest that about two-thirds of agricultural land is degraded, with 85% caused by
wind and water erosion (Oldeman et al., 1991).
Limited use of nutrient inputs among smallholder farmers exacerbates soil nutrient deﬁciency. African fertilizer use was never high, averaging about 9 kg per hectare by the late 1990s. Viewing all nutrient inputs together does not alter this
picture (Henao and Baanante, 2001). The estimated losses, due to erosion, leaching, and crop harvests are sometimes staggering, at over 60 – 100 kg of N, P, and
K per hectare each year in Western and Eastern Africa (e.g. Stoorvogel and Smaling, 1990; de Jager et al., 1998).
Integrated soil fertility management (ISFM) is rapidly becoming more accepted
by development and extension programs in SSA, and, most importantly, by smallholder farmers. ISFM is about expanding the choice set of farmers by increasing
their awareness of the variety of options available and how they may complement
or substitute for one another. To contribute to the theme of this special issue, the
major analytical foci of this paper are to examine (1) the complementarities and
synergies between organic and mineral nutrient inputs and (2) therefore the potential for such complementarities to increase market activity and demand for purchased agricultural inputs. As background, we describe various organic nutrient
sources and present some evidence about their beneﬁts. This is done not to endorse
any particular type of nutrient management system but rather to support the subsequent analyses.
This paper ﬁrst presents evidence on the yield eﬀects of organic nutrient practices
and ISFM. A summary of evidence on farmer investment in and management of
organic nutrients and ISFM comes next, followed by a synthesis of available evidence on the ability of ISFM systems to foster markets for organic nutrients, mineral fertilizer and other agricultural inputs. Lastly, we conclude the paper with
implications for research, design and dissemination of ISFM, and policy reform.
1

This ﬁgure includes an increase in total arable land during the period.
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Organic nutrient management, integrated soil fertility management, and crop
yields in SSA
Sub-Saharan Africa is heterogeneous in soils, climate, agricultural potential,
market access, and population density. These diﬀerences inﬂuence the types of
organic nutrients that are technically feasible to produce, the types of crops that
will beneﬁt from such application, opportunity costs2 of land and labor, and cost
of acquiring mineral fertilizers. In short, the incentives for producing and using
speciﬁc nutrient inputs vary markedly across the continent. The ISFM paradigm
acknowledges the need for both organic and mineral inputs to sustain soil health
and crop production due to positive interactions and complementarities between
them (Buresh et al., 1997; Vanlauwe et al., 2002a).
Among the most promising organically based soil nutrient practices are: animal
manure, compost, incorporation of crop residues, natural fallowing, improved fallows, relay or intercropping of legumes (and dual purpose legumes), and biomass
transfer. These are brieﬂy described in Table 1. While we focus on soil nutrient
management practices, there are a host of other management practices that are
vitally important to overall soil fertility, including soil conservation and tillage
techniques, weed management practices, and cropping strategies themselves.
Initially, organic resources were merely seen as sources of nutrients, mainly
nitrogen (N). A substantial amount of research was done on quantifying the availability of N from organic resources as inﬂuenced by their resource quality and the
physical environment (Palm et al., 2001, for example). More recently, other contributions of organics extending beyond fertilizer substitution have been emphasized in research, such as the provision of other macro and micro-nutrients,
reduction of phosphorus sorption capacity, increase in carbon/organic matter,
reduction of soil borne pest and disease spectra in rotations, and improvement of
soil moisture status (Vanlauwe et al., 2002a).
There are some key diﬀerences in the way that the organic systems contribute to
soil fertility. Those systems using nitrogen-ﬁxing species add large amounts of
nitrogen without withdrawing it from soils. Organic sources will diﬀer in terms of
nutrient content, mineralization processes (in which the nutrients in the organic
compounds can become available to the crop), and the provision of other soil fertility beneﬁts (e.g. weed reduction). Management aspects also inﬂuence the eﬀectiveness of organics. The growing of legumes in situ (rather than transferring
biomass from outside) can provide other beneﬁts to crops through rotation eﬀects
(e.g. reducing weeds) and through water inﬁltration eﬀects (from the root systems).
It has been acknowledged that organic and mineral inputs cannot be substituted
entirely by one another and are both required for sustainable crop production
(Buresh et al., 1997; Vanlauwe et al., 2002a). This is due to (1) practical reasons—
fertilizer or organic resources alone may not provide suﬃcient amounts or may be
unsuitable for alleviating speciﬁc constraints to crop growth (Sanchez and Jama,
2

High opportunity costs meaning that there are alternative highly valued uses for land and labor.
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Table 1
Description of main organic soil fertility practices in Sub-Saharan Africa
Organic practice

Description

Animal manure

The spread of solid and liquid excrement from animals, mainly cattle.
Intensiﬁed livestock production systems involve the collection of manure
in stalls or pens, while the more extensive systems involve direct deposition of manure by grazing animals.
The collection and distribution of a range of organic compounds that
may include soil, animal waste, plant material, food waste, and even
doses of mineral fertilizers. Prior to application of compost onto the ﬁeld,
there is a period of incubation to decompose materials.
The in situ utilization of crop residues. The utilization may be in the form
of leaving residues on the surface or by cutting, chopping, and incorporation of crop residues into the soil. This operation is often done at the
time of land preparation for the following season.
Withdrawal of land from cultivation for a period of time to permit natural vegetation to grow on the plot. The breaking of the crop cycle and
lead to regeneration and the fallows can also recycle nutrients.
The purposeful planting of a woody or herbaceous plant to grow on a
plot for a period of time. In addition to beneﬁts of natural fallows,
improved fallows can achieve equal impacts of natural fallows in shorter
time periods because of purposeful selection of plants, such as those that
ﬁx atmospheric nitrogen.
Nutrient sources are integrated with crops in both time and space. The
organic source may be a permanent feature on the plot such as with alley
farming or scattered trees or may also be annual legumes. Intercrops are
normally carefully planted, but trees in certain parkland systems (e.g.
Faidherbia albida) are naturally growing.
Relay systems are similar in sharing space with the crop, but the organic
source is planted at a diﬀerent time than the crop and the timing of their
primary growth period may diﬀer.
These may be grown in intercrops or rotations with cereals. They thus
maintain the features described above except that they also produce a
second major product such as a grain for human consumption.
The transport and application of green organic material from its ex situ
site to the cropping area. The organic source may be purposefully or naturally grown.

Compost

Crop residues

Natural fallow

Improved fallow

Intercropping systems

Relay systems

Dual purpose legumes

Biomass transfer

2002), (2) the potential for added beneﬁts created through positive interactions
between organic and mineral inputs in the short-term and (3) the various roles each
of these inputs play in the longer term. One key complementarity is that organic
resources enhance the soil organic matter status and the functions it supports,
while mineral inputs can be targeted to key limiting nutrients. Several attempts to
quantify the size of added beneﬁts and the mechanisms creating those have been
made. Vanlauwe et al. (2002b) reported positive interactions between urea and use
of stover and other organic applications while Nhamo (2001) observed added beneﬁts from manure and ammonium nitrate combinations.
Although the above list of observed positive interactions between organic and
mineral inputs is not exhaustive, very often these inputs are demonstrated to have
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only additive eﬀects.3 But because of declining marginal increases from one single
type of input, the additive eﬀects are often superior in terms of overall yields and
net ﬁnancial returns, as shown by Bationo et al. (1998) for millet in Niger and
Rommelse (2001) on maize in Kenya. Negative interactions are hardly ever
observed.
In summary, there is considerable evidence demonstrating the important contributions of organic matter alone to agricultural crop yields. There is more limited, but still signiﬁcant, evidence attesting to the positive short and long term
impacts of ISFM technologies integrating organic and mineral nutrient sources.
Increasing economic analysis of these systems and evidence from farmer-managed
practices are noted in the following section. One caveat is that nearly all agronomic
research on ISFM has taken place on cereal crops. Yet, much organic and mineral
fertilizer use by smallholders is directed towards higher value crops for which the
eﬀects of organics and ISFM remain under-researched.
Actual nutrient management practices of African farmers 4
It comes as little surprise that farmer use of organic inputs is often high in farming systems that are intensifying. Farmers appreciate the yield impacts of organic
systems but also the economic complementarities between organic and mineral
inputs. The two approaches to soil fertility management rely on diﬀerent household
resources, with fertilizer requiring ﬁnancial capital and organics mainly requiring
labor and land. Inﬂexible packaging in 50 kg bags constrains fertilizer purchase by
farmers with limited resources. Comparatively, organics can be cheaply and conveniently produced on farm. In terms of quantities available, imported mineral fertilizers are in theory plentiful if the demand is there. On the other hand,
production of organics is limited by available land and therefore supplying sufﬁcient amounts for one’s farm, let alone for sale in the market, can prove challenging.
Recent studies have shown a host of nutrient management practices undertaken
by smallholder African farmers (Place et al., 2002b). The use of animal manure
and legume intercropping are well-established practices, but others such as composting and agroforestry are relatively new. In Kenya, Omiti et al. (1999) found
that between 86% and 91% of farmers used manure in semi-arid and semi-humid
zones east of Nairobi. Compost was adopted by about 40% of farmers in the more
favorable parts of these zones, but by relatively few in the more arid sites. In the
more humid western highlands, Place et al. (2002a) found that 70% of households
used manure and 41% used compost. Additionally, over 20% of farmers were using
improved tree fallows and biomass transfer, two agroforestry systems recently
promoted in the study area. Similarly, Clay et al. (2002) found 49% of Rwandan
3

Additive does not imply perfect substitutability for fertility-enhancing processes.
This section largely summarizes results reported in detail in Barrett et al. (2002b), drawing especially
heavily on the chapter by Place et al. (2002b).
4
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farmers’ plots received organic nutrient inputs and Gambara et al. (2002) found
legume rotations and green manure systems practiced in 48 and 23 percent of focal
extension areas in Zimbabwe. There are also cases of high adoption rates of alley
farming in areas of Nigeria (Adesina and Chinau, 2002) and of Mucuna fallows in
Benin and Cameroon (Manyong and Houndekon, 2000). While the relative adoption rates between organic and mineral nutrients vary by location, the incidence of
organic practices (especially natural fallowing and animal manure) often outpaces
the use of mineral fertilizers. The most striking case may be Rwanda where only
2% of plots received mineral fertilizer.
There is less information available on the quantities of organic nutrients applied,
but it is well recognized that they often face increasing opportunity costs and therefore the amounts produced and applied are limited. Opportunity costs can be high
in terms of labor when the timing of operations coincides with other vital activities
and in terms of land when increased organic nutrient production means taking
more valuable land out of production (see Omiti et al., 1999 and Williams, 1999
for animal manure). Recent research has uncovered numerous farmer innovations
to reduce labor and land inputs (Waddington, 1999; Tarawali et al., 2002; Misiko
and Ramisch, unpublished data).
In terms of proﬁtability, evidence of positive returns is reported for improved
fallows and biomass transfer (Place et al., 2002a) and manure (Mekuria and Waddington, 2002). Positive returns are often found for mineral fertilizer inputs (Kelly
et al., 2002; Shapiro and Sanders (2002) and for integrated mineral-organic systems
(Place et al., 2002a; Mekuria and Waddington, 2002). For example, the integration
of manure and fertilizer on maize in Zimbabwe resulted in a return to labor of
about $1.35 per day, while the best single fertilizer or manure treatment yielded
only $0.25 (Mekuria and Waddington, 2002). Returns to integrated biomass transfer and rock phosphate systems on kales and tomatoes in Kenya showed returns to
labor of between $2.14 to $2.68 as compared to a best return of $1.68 when only
one of the options were used (Place et al., 2002a). While more economic analyses
of farmer-managed ISFM systems are needed, existing evidence suggests that
organic or ISFM systems may be remunerative where purchased fertilizer alone
remains unattractive.
Kenyan farmers often incorporate more than one nutrient source on their farms.
Freeman and Coe (2002) found that 37% of farmers in the relatively drier zones of
Kenya used both organic and mineral fertilizers. A further 10% were using more
than one organic source but without mineral fertilizer. In the western Kenyan highlands, more than two-thirds of farmers using mineral fertilizer also used animal
manure (Place et al., 2002a). Murithi (1998) found multiple sources of nutrients
used on a variety of crops in Central Kenya. This is generally true of areas where
livestock are important and markets for fertilizer exist. There is little integration of
organics and mineral fertilizer in Uganda, for example, because fertilizer availability (if not demand) is poor. There are also selected cases of green manure/mineral fertilizer systems such as in Malawi, where farmers use both pigeon pea
intercrops and fertilizer (Peters, 2002).
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Both organic and mineral fertilizer use responds positively to improved output
markets and crop prices (Murithi, 1998; Freeman and Coe, 2002). Animal manure
is commonly used on higher-value commodities such as potato, coﬀee, and vegetables (Freeman and Coe, 2002; Shapiro and Sanders, 2002). As with manure,
farmers have shifted promising innovations using new green organic systems (or
integrations of organic and mineral fertilizers) onto higher-value commodities such
as vegetables (Place et al., 2002a). Organic sources that provide a dual beneﬁt (e.g.
food) are even more preferred by farmers.
Organic nutrient systems are commonly more aﬀordable to cash-strapped households than fertilizer options. This is critical, because many studies have found that
poor farmers’ inability to access mineral fertilizers has adverse consequences on
soil fertility and incomes (Soule and Shepherd, 2000). Furthermore, because livestock ownership is positively related to household incomes, wealthier households
are more likely to use manure than poorer ones (Mekuria and Waddington, 2002).
In contrast, poorer households use agroforestry-based nutrient systems and compost in Western Kenya at the same proportion as wealthier ones (Place et al.,
2002a). However, there is concern that as land sizes continue to shrink, identifying
niches for producing any type of organic nutrient source will become increasingly
diﬃcult.
In summary, emerging evidence from across Africa points to widespread use of
organic inputs, often in conjunction with less widely used mineral fertilizers. The
proﬁtability of alternative nutrient input sources depends not only on yield gains
but also on market conditions, as underscored by generally greater use on highervalued commodities. However, the direct empirical evidence on ISFM proﬁtability
is thin, creating a serious research gap.

Implications of organic or IFSM nutrient systems for input markets
We now explore the potential for market growth around organic nutrient inputs
themselves and secondly the potential for the use of organic nutrients to catalyze
traditional input markets. Markets for organic nutrient inputs can be broken down
into trade in the nutrient source itself, trade in the germplasm that produces the
organic nutrients, and trade in the required complementary inputs such as labor.
The development of markets (formal or informal) for organic inputs in Africa has
been shaped, constrained, and geographically limited by the extreme variability in
the supply of organic resources and their relative bulkiness (low nutrient value per
unit mass).
The supply of organic resources that are potentially important contributors to
agriculture—manure, crop residues, and other plant biomass—is both seasonally
and spatially variable. Spatial variability can be observed as gradients of input use
at the level of individual farms, inter-farm variability based on diﬀerential resource
endowments, and variability at the landscape and higher levels due to agro-climatic
diﬀerences. Seasonal variability aﬀects the abundance of key materials: crop residues are available in vast quantities only at harvest or as pre-harvest thinnings,
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manure is more abundant during rainy seasons but more likely to be dispersed by
grazing across the landscape. Temporal variability is also seen in the quality of
materials. The nitrogen content of manure or harvested organic materials declines
rapidly with the passage of time, as does the overall nutrient value of leaves if they
are allowed to mature or senesce. Inter-seasonal storage of organic soil nutrient
amendments is therefore impractical.
The second factor, bulkiness, is a key constraint on the transport of organic
materials. The much observed ‘ring management’ of many Sahelian farming systems (cf. Prudencio, 1993) reﬂects the decline in input application rates as ﬁelds
become more distant from the nutrient source (typically the homestead at the center of the ring). Comparing yield beneﬁts from manure application with the labor
involved in transporting it, Schleich (1986) found that for a community in Côte
d’Ivoire, ox carts were proﬁtable up to a distance of 1 km, whereas transport on
foot was not proﬁtable at any distance. Since animal-powered transport can
increase the eﬃciency of labor-intensive transport activities to the point of proﬁtability, dynamic community-level markets for the exchange of draft power have
been reported for transporting manure (Mazzucato and Niemeijer, 2001 in Burkina
Faso; Ramisch, 1999 in Mali).
Because transportation is an important constraint, there is a strong incentive to
produce organic inputs in situ (such as companion planting of legumes with cereal
crops or corralling of livestock on cropland before planting). Throughout much of
West Africa, the manure of large semi-sedentary and transhumant herds is a key
resource for settled farmers (Landais and Lhoste, 1990; McIntire and Gryseels,
1987), and such manure is often the catalyst for inserting pastoralists into the
exchange networks of a settled community (Ramisch, 1999). Where market access
provides a vent for surplus crop production, exchanges of ‘excess’ manure or compost between settled farmers are also common, either for cash (Tiﬀen et al., 1994)
or labor for other activities (Ramisch, 1999).
At issue are not just markets for soil amendments themselves, but also the materials for in situ production of organic inputs. Farmer willingness to pay for germplasm for green manure is low because of free distributions by projects, high
quantity requirements, and an ability to harvest and reuse seed for most green
manure plants. Where intensiﬁcation of leguminous grains is linked to grain market development, farmers have shown greater willingness to invest in improved
seeds (Jones et al., 2002). Species with multiple beneﬁts, such as dual-purpose soybeans or cowpeas are more likely to be adopted than those purely for soil improvement.5 On the other hand, the proliferation of markets for Mucuna seeds in West
Africa was related to its perceived ability to suppress the noxious grass Imperata.6
5

Here is where another interaction with markets occurs because markets for the grain product may
inﬂuence more the growing of the legume than the soil fertility beneﬁt. In the case of plants whose leaves
can provide soil fertility and fodder beneﬁts, improved markets for fodder may reduce the use of green
biomass for soil fertility.
6
It should be noted however, that at earlier stages of these dissemination processes, NGOs and their
project often play key roles in fostering markets.
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But within 2–3 years this weed was controlled and Mucuna was no longer marketed (Houndékon et al., 1998). The anecdotal evidence that exists for the development of seed markets for legume cover crops suggests that social networks are
paramount in spreading both information and the small amounts of seed that
become periodically available to members outside the group (Misiko, 2000).
Widespread adoption of the ISFM paradigm depends also on the availability of
traditional seed and mineral fertilizer inputs. Will the use of organics encourage
growth in traditional input markets, particularly for fertilizer or improved seed?
There are various possible pathways: (1) generation of income that increases
farmer purchasing power to directly buy fertilizer and improved seed; (2) increased
income that enables farmers to invest more in cash crops which themselves stimulate the use of inputs; (3) synergistic beneﬁts arising from integrating organic and
mineral fertilizers at the plot or farm level; (4) enhanced learning of soil fertility
management through the use of organics; (5) increased returns from improved seed
once soil fertility constraints are ameliorated through ISFM; and (6) economies of
scope in trader handling of inputs, where increased demand for organics reduces
unit costs throughout input marketing chains.
The evidence presented above indicates that indeed organic nutrient systems can
increase yields and proﬁts, even in semi-subsistence systems where purchased fertilizers remain unattractive, and that there appear to be important biochemical
synergies achievable from integrating organic and mineral fertilizers. So there
indeed appears some prospect for increased use of organics to stimulate traditional
agricultural input markets through pathways (1)–(3). The magnitude of these
eﬀects has not been explicitly researched to date, but it is likely to be modest. In
some cases, the amount of additional income generated is low because of limited
application of organic manure (Place et al., 2002c). Moreover, there has been little
research on whether such increases translate into increased investment in agriculture, particularly in adoption of improved seed or mineral fertilizer. Soule and
Shepherd (2000) show that very poor farmers in western Kenya are hardly able to
make any investments in agriculture. And while there tends to be a positive
relationship between the use of organics and cultivation of higher-value crops, the
direction of causality in that relation is unclear. On-farm investment is limited not
just by incomes or crop mix, but also by the institutional and physical infrastructure in a region, land tenure, alternative (non-farm) investments, and the information available on diﬀerent technologies and market opportunities (Barrett et al.,
2002a). The evidence for synergistic eﬀects is mainly from researcher-managed
trials.
To our knowledge, there is little direct evidence on pathways (4) or (5). Certainly, most recent agricultural development projects that include promotion of
organic nutrient systems emphasize training on principles of soil fertility management more than in the past. But the eﬀects of these eﬀorts are not well documented. Similarly, while it is well known that use of improved seed is linked to use
of fertilizer, the role of organic nutrient systems in stimulating improved seed use is
again not well documented.
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The literature on agricultural marketing systems in Africa indirectly supports the
hypothesis of pathway (6), as it suggests the existence of economies of scope in
trading activities, with intermediaries commonly specializing more according to
function (e.g., crop collection, input distribution) than by product, apparently
because it pays for traders to buy or sell a range of products (Barrett, 1997;
Omamo and Mose, 2001; Kherallah et al., 2002). The hypothesis that expansion of
organic input use through market purchases of seed for improved fallows, manure,
etc. stimulates expansion of input markets in traditional inputs merits attention.
However, the participation of non-proﬁt organizations in organic material supply
distorts the development of this pathway.
In the absence of studies that address particular causal chains, we must rely on
studies that have more generally described the patterns of use of alternative soil
fertility management practices. These indicate mixed results on the catalytic ability
of organic nutrients to enhance traditional input markets. A recent study of
improved fallow and biomass transfer systems in western Kenya found that they
were being used by 30–45 percent of those households who were not using fertilizer
or manure (Place et al., 2002c). However, they have not yet spurred an increase in
the use of fertilizer. Likewise, some studies have suggested that in cash cropping
systems organic inputs only replace fertilizer when fertilizer supply becomes problematic (Bosma et al., 1996; Mortimore, 1998). Raynaut (1997) found evidence
linking increased availability of mineral fertilizers for cash crops to increased use of
organic nutrients on food crops. In Niger, Abdoulaye and Lowenberg-DeBoer
(2000) showed that patterns of intensiﬁcation exhibit a pattern of graduation from
manure to mineral fertilizer use. Clearly, there remain information gaps as to how
much and under which conditions farmers perceive diﬀerent options as complements or substitutes, to what extent beneﬁts from organic systems are generating
further agricultural investment, and how new learning processes on soil fertility
management are creating new demands for integrated nutrient packages. At the
margin, increasing use of organic inputs by farmers practicing ISFM may stimulate
traditional agricultural input markets, but in most of Africa the binding constraints
on input market growth seem unlikely to be relieved by this development.

Summary: enhancing ISFM’s contribution
ISFM practices are thriving in agricultural research and development projects
with the use of organic inputs increasing, both on a stand-alone basis and in conjunction with mineral fertilizers. Much of this initiative is due to farmer innovation
and adaptation, often in response to macroeconomic and sectoral reforms that
have driven up real fertilizer prices throughout the continent. Organic systems have
been found to complement fertilizers in many ways, both in a biophysical sense
(enhancing soil health beyond nutrients alone) and in a socio-economic sense
(requiring diﬀerent types of household resources). Some organic systems are performing well on their own and in integrated systems, as measured by yields and
proﬁts. Like mineral fertilizer, there appears to be more interest in, and impact
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from, the use of organics and integrated systems on higher value crops. Because of
their low cash requirements, some organic-based systems are reaching poorer
households that otherwise are scarcely using any fertilizer.
But there are limits to the amounts of organics that can be produced on-farm,
particularly where labor or land constraints are reached. There remains insuﬃcient
evidence as to whether increased use of organic inputs is spurring increased overall
use of nutrient inputs. While biophysical research in integrated soil fertility management is progressing rapidly, more research is needed on farmers’ practices,
including their innovations and integration of individual components. There is also
an urgent need to extend both bodies of research to higher value crops and whole
farm analyses, including farmers’ alternative investment options in non-farm activities.
Markets for organic biomass are likely to remain highly localized because transporting costs increase steeply with distance and because supplies are highly variable
both temporally and spatially. Lively markets have developed where knowledge of
organics and their beneﬁts have existed for a long time, as is the case for animal
manure. Markets for much more recently introduced technologies, such as green
manure, do not yet exist to any signiﬁcant degree. Markets for green manure germplasm have developed in response to demand from projects and from farmers when
the introduced plant yields beneﬁts beyond soil nutrient replenishment, such as
feed or food products. There is no direct evidence of the eﬀect of organics or ISFM
on markets for fertilizer and seed. Our analysis of indirect evidence suggests that
this link is potentially important but in practice not yet widely realized.
In order to contribute ultimately to wider adoption of ISFM practices and
increased beneﬁts, a few steps can be highlighted. First, there is still a need to
develop more attractive options, components and integrated strategies for small
farmers of which improved germplasm is an integral part. Second, because ISFM
practices are knowledge intensive, a major challenge is to identify scaling up processes that are both eﬀective and not too costly in terms of information provision
and technical support. Third, there must be major eﬀorts to make agricultural
commercialization more attractive to small farmers (Barrett et al., 2002c). Low
rates of market participation are leading correlates of both poverty and the
absence of sustainable agricultural intensiﬁcation through increased investment in
the land (Barrett and Carter, 1999; Reardon et al., 1999). The promotion of highvalue agricultural enterprises is one policy direction that is likely to generate
increased income and investment in ISFM.
To conclude, much remains to be done, in terms of research and development, if
the emergent ISFM paradigm is to increase Africa’s miniscule rates of mineral fertilizer application and stimulate agricultural productivity growth. The task is made
all the more pressing by economic policy reforms that have caused a sharp drop in
fertilizer use by small farmers in many areas.
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