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The 4R Nutrient Stewardship in the Context
of Smallholder Agriculture in Africa
By Shamie Zingore

C

rop productivity in sub-Saharan Africa (SSA)
has lagged behind that of other regions.
Since 1975, the average cereal yield in SSA has
fluctuated around 1 t/ha; this compares with an
increase in the yield of cereals from around 1.3
t/ha to around 2.0 t/ha in South Asia and from
around 1.6 t/ha to 3.2 t/ha in Latin America/
Caribbean. Consequently, food production per
capita in SSA is now below the 1975 level while
per capita food production in Latin America and
South Asia has trended upwards over this period. Today, SSA faces a severe food insecurity
problem; 33% of the 700 million people in SSA
are malnourished, despite agriculture contributing around 30% of GDP and 50% of total export
values in the region. Low fertilizer use is a major underlying factor for this situation, although
comparatively low uptake of new seed varieties
and a lack of irrigated farmland are contributory factors. Low nutrient use results
in a rapid depletion of soil organic matter and nutrients
within the soil; as illustrated by highly negative nutrient balances (kg N, P,
and K per ha) for soils in
Kenya (-46N: -1P: -36K),
Malawi (-67N: -10P: -48K)
and Nigeria (-37N: -4P:
-31K). Consequently, land
degradation has reached crisis
proportions in Africa; a 1991 study
suggested that 46 million hectares of land had
been degraded already, largely in areas with
high potential for agriculture.
The Alliance for a Green Revolution in Africa
and other development programs are making
efforts to increase nutrient use in SSA from the
current level of about 10 kg nutrient/ha to 50

kg nutrient/ha. However, to achieve a “green
revolution” in Africa in the 21st century, focus
should also be directed at the need to support
proper nutrient use, while recognizing the urgent need to increase agricultural productivity
and the rich diversity of Africa’s soils
and farming practices. Establishing an appropriate nutrient
management policy must
be made a priority. Current fertilizer recommendations tend to be very
general, assuming uniform soil fertility conditions. Moreover, they tend
to concentrate on N and P
and the application rates suggested are often inappropriate for
economic and efficient fertilizer use. The 4R
Nutrient Stewardship Framework developed by
the fertilizer industry worldwide aims to provide the context for efficient on-farm nutrient
management practices focused on four central
components: applying the right fertilizer source
at the right rate, at the right time in the growing
season, and in the right place.
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The 4Rs
Smallholder farms in SSA exhibit substantial heterogeneity in soil fertility within short distances, and 4R Nutrient
Stewardship provides a basis for managing this variability
to increase nutrient use efficiencies. Although fertilizer recommendations in SSA mostly cover N and P only, analysis
of nutrient deficiencies show an increase in constraints to
crop production with decreasing soil fertility status. Depleted soils that cover wide areas are associated with multiple
nutrient deficiencies and addition of the “right” fertilizer
sources that provide base cations (K and Ca) and micronutrients (Zn and B) in addition to N and P is required to
significantly increase yields. The “right rate” of fertilizer application has also been found to have profound effects on
nutrient use efficiency, with on-farm experiments showing
that agronomic and economic returns diminish rapidly on
most poor soils when nutrient applications rates exceed 60
kg N/ha and 10 kg P/ha. In addition to the standard timing
of basal and top dressing fertilizer application, the “right
time” of fertilizer application in SSA should be flexible and
adjustable to the highly variable inter- and intra-seasonal
rainfall as a risk mitigation strategy. The “right place” is often critical when low rates of fertilizer are used, with spotapplication more effective at
placing nutrients where crops
can use them effectively. Each
of the four “rights” is directly
related to the other three in at
least one way, interconnected
into a unified, effective system
for improving crop productivity
in a sustainable manner.
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IPNI in Africa

The IPNI program in Africa
has initiated a nutrient management program to diagnose
soil health problems, establish
yield gaps between current and
potential yield as a basis for developing site-specific nutrient
management practices for the
main maize production areas

in East and Southern Africa. Diagnostics tools employed
include the spatially explicit nutrient omission plot technique (where one plot treatment receives all the applied
nutrients (e.g. N, P, K, S, Mg, Zn and other micronutrients), compared to individual plot treatments that have a
specific nutrient omitted), and the analysis of soil and foliar samples which enable detection of nutrient deficiencies. Diagnosis of specific nutrient deficiencies provides a
platform for remediation work on a site -specific management basis. Having
estimated in-soil
nutrient availability,
plant uptake can be
established, yield
ranges calculated
for each nutrient,
NPK yield estimated, and yield
improvements from
other factors (secondary and micronutrients, lime, manure etc.) can be assessed. This process
is captured in a decision support tool Nutrient Expert for
Hybrid Maize that IPNI has developed to assist local experts in the development and promotion of site-specific
guidelines for maize. Remediation field tools have also
been introduced; these include the Maize Doctor handbook, which helps with the field assessment and subsequent treatment of nutrient deficiencies in the growing
crop.
The potential to increase crop productivity in SSA is considerable yet the challenges of realizing that potential are
substantial, not least because the smallholder systems in
SSA are highly complex. There remains a strong need for
extension tools to support farmers to effectively diagnose
and correct crop production constraints apply and use
scarce fertilizer resources efficiently. Improved nutrient
management at the farm-scale as defined by 4R Nutrient
Stewardship, can potentially have far-reaching impacts,
and provides a basis for achieving the economic, social,
and environmental goals of sustainable agricultural intensification in SSA.

