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11.1

NUTRIENT STOCKS, FLOWS, AND BALANCES

To feed 9 billion people in 2050, recent estimates indicate that global food production will have to increase by 70% [FAO 2009]. Food security can be realized by
expanding the cultivated area and by increasing production per unit land, labor, or
capital. Further down the production–consumption chain, increasing efficiency and
recycling (including postharvest and waste management) and dietary change also
are important. To increase agricultural production, area expansion is still possible,
mainly in the range of Ukraine–Russia–Kazakhstan, in sub-Saharan Africa (SSA),
and in Latin America, but it will negatively affect the services provided by natural
ecosystems. The recent agricultural area expansions in Latin America (soybean for
savannah and Amazon forest) and Southeast Asia (oil palm for rainforest and peat
lands) clearly show the dilemmas: a booming international market for soy and palm
oil and for soy meal as animal feed [Smaling et al. 2008], go at the expense of
natural vegetation, plant and animal biodiversity, climatic stability, and above- and
below-ground carbon (C) stocks. Hence, raising productivity is the main feasible
option on the upstream part of the food security chain. This is still possible in most
agricultural systems, but the immediate large increases in cereal production of the
Green Revolution will not be repeated easily. As Conway [1997] expressed, “What is
needed is a doubly green revolution that raises yields while reducing environmental
impact.”
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In the quest for sustainable food production, much attention is given to improved
varieties and biotechnology, irrigation, and crop protection measures. Soil fertility management seems of lesser priority. Nonetheless, low soil nutrient stocks and
soil nutrient depletion are regarded as fundamental root causes of hunger and poverty [Sanchez 2002]. This is because crop and grass yields and dietary values are
reflections of the nutrient status of the soil. Soil organic C (SOC), although not a
nutrient, may be regarded as a proxy of the nutrient stocks in tropical soils. In soil
fertility/crop production models such as Quantitative Evaluation of the Fertility of
Tropical Soils (QUEFTS), SOC, as a proxy for soil organic matter, comes out as a
key soil characteristic explaining crop response to soil fertility [e.g., Janssen et al.
1990; Smaling and Janssen 1993; Samaké 2003]. Estimates of the global mean SOC
stocks in the top meter of soil are approximately 110 ton C ha−1, but the mean stock
in Africa is only 57–60 tons C ha–1 and in West Africa even less, 42–45 tons C ha−1
[Batjes 2001]. Global amounts of soil nitrogen are estimated at approximately 135 ×
109 tons of N for the upper 1 m [Batjes 1996]. A rapid analysis of the ISRIC-WISE
(World Inventory of Soil Emission Potentials) database shows that European agricultural soils have an average SOC content that is twice the level of those in SSA [Batjes
2002]. This is not the result of land use history, but largely of differences in soil age
and climatic conditions. With the exception of soils of recent volcanic origin, most
African agricultural soils are derived from 2 billion-year-old granites, whereas many
European agricultural soils are developed in periglacial and holocene sediments, as
are many soils of the fertile deltas of Asia.
Where there are stocks, there are flows. All soils gain and lose nutrients over time.
Fertilizers, for example, represent nutrient inputs applied to realize nutrient outputs
in harvested crop parts. Nutrients in sediments in lower reaches of river basins are
inputs that relate to nutrients lost further upstream due to erosion. Hence, soil nutrient stocks change due to the combined effect of positive and negative flows. This
is true at the scale of individual agricultural plots, but nutrient loss and accumulation occur at all scales, up to a global scale through trade in agricultural commodities. Countries with a net loss of NPK in agricultural commodities correspond to
the major food exporting countries—the United States, Australia, and some Latin
American countries. In the case of the United States, for example, exports of NPK
were 3.1 million tons in 1997 and are expected to reach 4.8 million tons in 2020
[Grote et al. 2005]. West Asia and North Africa, China, and SSA are net importers of NPK in agricultural commodities, but the nutrients imported are commonly
concentrated in the cities, creating waste disposal problems rather than alleviating
deficiencies in rural soils.
Calculating or estimating nutrient flows allows the drafting of a nutrient balance.
For SSA, a continental nutrient balance (NUTBAL) study reveals that net flows
were negative, i.e., 22 kg N, 2.5 kg P, and 15 kg K are lost annually per hectare
over the 1982–1984 period [Stoorvogel and Smaling 1990; Stoorvogel et al. 1993].
This study triggered substantial debate on soil fertility management in SSA and the
role of fertilizers, culminating in involvement of many donor agencies, as well as
political commitments on fertilizer use at the Africa Fertilizer Summit in Abuja
in 2006 [Sanginga and Woomer 2009]. Furthermore, a plethora of nutrient balance
studies at different spatial scales emanated inside and out of Africa. Without the
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pretension to be exhaustive, this chapter summarizes 20 years of work on nutrient
balances, mainly in SSA, but where appropriate with comparisons to other parts of
the globe. An earlier review in Advances in Soil Science addressed NUTBAL and
the pros and cons of the input–output approach at the subcontinental scale, where
calculations are always based on secondary data and empirical models [Smaling and
Oenema 1997]. The model was criticized for its methodological limitations [Faerge
and Mahid 2004], and for its limited value for intervention and action [Scoones and
Toulmin 1998]. After NUTBAL, the focus shifted to subnational and local scales
and from calculating and modeling to measuring and monitoring. The acronym
changed accordingly to NUTMON [Smaling and Fresco 1993], with integrated soil
fertility management (ISFM) [Sanginga and Woomer 2009; Vanlauwe et al. 2010]
and, more broadly, integrated nutrient management (INM), participatory learning
and action [Defoer 2002] and resource flow mapping [De Jager 2007] as the actionoriented components. Ten years later, the approach considers other factors than just
soil fertility management leading to monitoring for quality improvement (MonQI).
It is the successor of the NUTMON field tool, as described by Vlaming et al. [2001],
and is a farm monitoring tool that facilitates structured interviews with farmers concerning their daily management of crop and livestock, data entry, data storage and
data checking, and data processing and presentation. Currently, MonQI is used by a
blend of users from state-of-the-art science toward agencies for certification of niche
markets. The timeline of the nutrient balance model development is shown in Figure
11.1. The highlights of the research performed under the NUTBAL and NUTMON
umbrellas are described in Chapters 2 and 3. Studies outside the NUTMON family
are summarized in Chapter 4. The final chapter provides an assessment of the current state of knowledge and possible future research and development pathways that
follow from the analysis.

Use at continental and
national levels
FARM-NUTMON:
Down-scaling to farm
level, extension of
compartments.
Extension and
improvement of
calculation algorithms.
Recoding of software,
flexible programming.

Household
economics

Tailor-made individual
Incorporation of
reporting module.
optimal soil fertility
management, water
usage and C
management.

Pesticide
registration, value
chain assessment

1990

1995

2000

2005

2010

FIGURE 11.1
years.

Development of NUTMON family nutrient balance models over the past 20
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11.2 C
 ALCULATING NUTRIENT FLOWS AND BALANCES:
CONTINENT, COUNTRY, AND DISTRICT (NUTBAL)
Inspired by Frissel [1978], Pieri [1985], and Van der Pol [1992], the subcontinental
NUTBAL study adopts a clearly defined nutrient balance and quantified nutrient
flows. It constitutes the basis for many subsequent nutrient balance studies as shown
by several reviews [FAO 2003; Schlecht and Hiernaux 2004; Cobo et al. 2010]. In this
chapter, the original 1990 NUTBAL methodology is summarized, followed by an
overview of the updates up to the latest version described by Lesschen et al. [2007].

11.2.1

ASSESSmENT Of SOIL NUTRIENT BaLaNCES IN SSA (1990)

The initial NUTBAL study [Stoorvogel and Smaling 1990] assesses the state of soil
nutrient depletion in SSA for 1982–1984 with a projection for 2000. It provides data
on the net balance of the macronutrients N, P, and K from the rootable soil layer on
a country basis. Production figures (1982–1984) and projections (2000) for major
crops per country were provided by the UN Food and Agriculture Organization
(FAO). These statistics are further specified for six largely climate-based land/water
classes (LWC): low, uncertain, and good rainfall areas, problem areas, and naturallyflooded and irrigated areas. In addition to this, three broad soil fertility classes are
used: low, medium, and high. Soil fertility dynamics is captured by five inputs (IN)
and five outputs (OUT) as shown in Figure 11.2. The various model components, and
underlying assumptions, are detailed below.
11.2.1.1 Mineral Fertilizers (IN1)
The FAO database contains information on actual total fertilizer consumption per
crop per country for 1982–1984 and projections for 2000. However, these data are
not specified per LWC. Hence, literature data on the regional distribution of fertilizers within a country is used, or weighting factors are used for each land-use system
(LUS).
Animals
IN2 Manure
IN1 Mineral fertilizers
IN3 Deposition
IN4 Biological N fixation
IN5 Sedimentation

Crops

Soil
organic and
mineral
N, P, & K

OUT2 Crop residues
OUT1 Harvested products
OUT3 Leaching
OUT4 Gaseous losses
OUT5 Erosion

FIGURE 11.2 Nutrient flows to and from the soil. (From Stoorvogel, J.J., et al. Fert. Res.,
35, 227–235, 1993. With permission.)
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11.2.1.2 Manure (IN2)
NUTBAL only considers soil nutrient balances of arable land and does not consider
the balance of extensive grazing lands. Two forms of manuring are distinguished: 1)
manure collection from stables, kraals, and other storage places, and application to
arable fields prior to planting, with fixed quantities (0, 500, 1000, or 1500 kg ha−1) per
land use system, and 2) on-the-spot manuring by livestock feeding on crop residues
with interaction with OUT2.
11.2.1.3 Deposition (IN3)
Input by dry deposition, which mainly occurs in West Africa under the influence of
the Harmattan dust storms, is determined by an interpolation of available measurements. For wet deposition, a regression with mean annual rainfall is carried out on
the basis of literature data.
11.2.1.4 Biological N Fixation (IN4)
Based on information from literature, three stipulations are presented, depending on
total N demand by crops: 1) for symbiotic N fixation in leguminous species, 2) for
chemoautotrophic N fixation in wetland rice and 3) for nonsymbiotic fixation.
11.2.1.5 Sedimentation (IN5)
For the naturally flooded LWC, it is assumed that the nutrient balance is in equilibrium due to sedimentation. For the irrigated area LWC, the nutrient content of the
irrigation water is also considered as an input factor. Based on literature, an annual
input of 10 kg N per ha is assumed.
11.2.1.6 Harvested Product (OUT1)
Based on literature, average values for the nutrient content of each crop are compiled
(in kg nutrient per ton harvested product). In order to obtain an estimate of OUT1,
these data are combined with FAO production figures.
11.2.1.7 Crop Residues (OUT2)
An estimate of the amount of crop residues removed from the arable field is obtained
from the literature. For each LUS, i.e., a unique combination of crop and LWC, a
removal factor is assigned: complete removal of residues (e.g., used for fuel, roofing,
or manufacturing), or incomplete (e.g., grazing or burning). Average values of the
amount of nutrients in crop residues per harvested ton are compiled.
11.2.1.8 Leaching (OUT3)
Leaching is a significant loss mechanism for some nutrients. Based on a literature
review and expert consultations, the following regression equation is developed
for N:
OUT3N = 2.3 + (0.0021 + 0.0007 × F ) × R + 0.3 × (IN1 + IN2) – 0.1 × U,
in which F is a soil fertility class (1 - low; 2 - moderate; 3 - high), R is rainfall (mm),
and U is total nutrient uptake by the crop.
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11.2.1.9 Gaseous Losses (OUT4)
Nitrogen losses through denitrification are expected to be highest in wet climates, on
highly fertilized and clayey soils. Ammonia volatilization is linked to the amount of
mineral and organic fertilizer and plays a role in alkaline environments. However,
such soils are not very common in SSA, and therefore volatilization and denitrification are not treated separately. Based on scarce literature data the following regression equation is developed for N:
OUT4 = Base + 2.5 × F + 0.3 × (IN1 + IN2) – 0.1 × U,
in which Base is a constant value covering relative wetness of the soils specific for
LWCs.
11.2.1.10 Erosion (OUT5)
Soil loss estimates are based on the LUS descriptions within the LWCs. Additionally,
a nutrient content is assigned to each soil fertility class. As the finest soil particles are
the first to be dislodged during erosion, an enrichment factor is established, which
is set at 2.0 for all three nutrients. As topsoil erodes, the roots of crops start to enter
layers that were previously beyond the root zone. Hence, part of what is lost on top is
gained at the bottom of the soil profile. These contributions are set at 25% percent of
the calculated losses for P and K.
The NUTBAL study presents N, P, and K balances for LUS and LWCs for most
countries in SSA; negative balances are observed throughout the subcontinent (Figure
11.3). Densely populated regions in the Rift Valley (Kenya, Ethiopia, Rwanda, and
Malawi) have the most negative values, owing to high ratios of cultivated land to

Low
Moderate
High
Very high

FIGURE 11.3 Nitrogen depletion in sub-Saharan Africa. Low < 10; moderate 10–20; high
20–40; very high > 40 kg ha−1 yr−1. (After Stoorvogel, J.J., and E.M.A. Smaling, Assessment
of Soil Nutrient Depletion in Sub-Saharan Africa: 1983–2000. Report 28, Winand Staring
Centre, Wageningen, the Netherlands, 1990; Stoorvogel, J.J., et al. Fert. Res., 35, 227–235,
1993.)
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total arable land, relatively high crop yields (OUT1) and soil erosion (OUT5), as
well as relatively high nutrient stocks. For SSA as a whole, the nutrient balances for
1982–1984 and projections for 2000 are −22 and −26 kg N ha−1 yr−1; −2.5 and −3.0
kg P ha−1 yr−1; and −15 and −19 kg K ha−1 yr−1, respectively. The projection for 2000
being more negative is partly attributed to optimistic FAO estimates for crop production in 2000 and the expected decrease in fallow areas in 2000.

11.2.2

UpDaTINg ThE 1990 METhODOLOgY

The FAO, who commissioned NUTBAL in 1990, also facilitated an overhaul of the
approach [FAO 2004]. The approach is broader and includes stocks, flows, and balances at macrolevel (national), mesolevel (district or province), and microlevel (village or farm). Nutrient balances are calculated at different levels in Ghana, Kenya,
and Mali with important cash crops. The methodology can be applied to all SSA
countries by using continental GIS maps and FAOSTAT data. The calculation is performed for N, P, and K based on averaged data for the period 1997–1999. The updated
TABLE 11.1
Changes in Calculation of Nutrient Stocks and Flows When Moving from
NUTBAL to NUTMON
Land use systems
Nutrient stocks
IN1: mineral fertilizer
IN2: organic inputs
IN3: atmospheric deposition

IN4: nitrogen fixation
IN5: sedimentation
OUT1: crop products
OUT2: crop residues
OUT3: leaching
OUT4: gaseous losses
OUT5: erosion

The spatial distribution of land use systems is modeled through a
biophysical land suitability assessment based on Ecocrop
WISE database with soil nutrient concentrations per soil type of the
1:5,000,000 FAO soil map [Batjes 2002]
Fertilizer use data per crop [IFA/IFDC/FAO 2000] and total
consumption from FAOSTAT (Reference)
Livestock density maps [Wint et al. 2000] in combination with
literature data on nutrient contents
Dry deposition: Improved map for Harmattan deposition (source)
New regression on nutrient concentrations and IIASA rainfall map
[Leemans and Cramer 1991]
Percentage of leguminous crop production and related to rainfall
[Leemans and Cramer 1991]
Sedimentation calculated using the LAPSUS model [Schoorl et al.
2002]
No changes
No changes
New regression model based on review by De Willigen [2000]
New regression model based on data from IFA/FAO [2001]
Erosion calculations using the LAPSUS model [Schoorl et al. 2002]

Source: Stoorvogel, J.J. and Smaling, E.M.A., Assessment of Soil Nutrient Depletion in Sub-Saharan
Africa: 1983–2000. Report 28, Winand Staring Centre, Wageningen, the Netherlands, 1990;
FAO, Scaling Soil Nutrient Balances—Enabling Mesoscale Approaches for African Realities,
FAO Fertilizer and Plant Nutrition Bulletin 15, FAO, 2004; Lesschen, J.P., et al. Nutr. Cycl.
Agroecos., 78, 111–131, 2007.
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methodology is based on NUTBAL, but with a substantial number of improvements.
Although LWCs in NUTBAL are to some extent spatially explicit, the revised version allows taking into account the spatial variation in soils, climate, and nutrient
balances within a country. Updated procedures to calculate nutrient flows are used
(Table 11.1). Nutrient stocks are quantified for each soil unit instead of using three
soil fertility classes. A disaggregation procedure is developed to create a land–use
map for all SSA countries, which shows the most likely crop distribution at a grid
resolution of 1 km. The methodology is based on the principles of qualitative land
evaluation, where land qualities are matched with land-use requirements to assess the
suitability of land for a given use [FAO 1976]. The methodology involves three key
steps: 1) identification of land units with similar topography, climate, and soil conditions; 2) matching properties of the land units with crop requirements; and 3) disaggregating harvested areas from FAOSTAT over the land units. The final land-use
map is combined with other spatial data needed for the nutrient balance calculation.
11.2.2.1 Mineral Fertilizer (IN1)
The FAOSTAT database provides figures for total fertilizer consumption per country. Data of the fertilizer use per crop studies [IFA/IFDC/FAO 2000] are used to
derive the fractions of the total fertilizer consumption per nutrient for each crop.
11.2.2.2 Organic Inputs (IN2)
Livestock density maps are available for the major livestock classes, i.e., cattle,
small ruminants, and poultry [FAO 2000]. The livestock densities are multiplied by
the excretion per animal per year and the nutrient content of the manure, for which
updated figures are established. These amounts are corrected for country-dependent
differences in management for both grazing and application of manure from storage.
11.2.2.3 Atmospheric Deposition (IN3)
Updated factors for nutrient contents in both rainfall and dust are used, and the
IIASA rainfall map is used for wet deposition [Leemans and Cramer 1991]. Based
on several literature sources and windstream patterns, a new interpolated map of
Harmattan dust is used for dry deposition.
11.2.2.4 N Fixation (IN4)
For symbiotic N fixation, updated factors are used. For wetland rice, a fixed amount
of 15 kg N ha−1 yr−1 is assumed for N fixation by cyanobacteria. For the nonsymbiotic
N fixation and N fixing trees, a regression equation is developed based on annual
rainfall.
11.2.2.5 Sedimentation (IN5)
This flow consists of two parts: input of nutrients by irrigation water, and input of
sediment as a result of erosion. For the nutrient input by irrigation water, the worldwide map of irrigation areas [Döll and Siebert 2000] is combined with the assumptions about nutrient content and amount of irrigation water of NUTBAL. The input
by sedimentation is calculated by the LAPSUS model [Schoorl et al. 2002], which
provides a feedback between IN5 and OUT5.
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11.2.2.6 Harvested Product (OUT1)
The NUTBAL approach is used with updated crop production statistics.
11.2.2.7 Crop Residues (OUT2)
The NUTBAL approach is followed with updated crop and country-dependent
removal factors.
11.2.2.8 Leaching (OUT3)
A new regression model for N is used:
OUT3N = (0.0463 + 0.0037 × (R/(C × L))) × ((IN1 + IN2) + D × NOM − U),
in which C is clay content in the topsoil (%), R is rainfall (mm), L is the layer thickness or rooting depth (m), D is the decomposition rate (set at 1.6 % per year), and
NOM is the amount of N in soil organic matter (kg N ha–1). This N-leaching regression model is based on 43 measurements and accounted for 67% of the variance
[De Willigen 2000]. The equation is slightly edited for perennial crops to prevent
overestimation of N leaching.
11.2.2.9 Gaseous Losses (OUT4)
A new regression model is used:
OUT4 = (0.025 + 0.000855 × R + 0.01725 × (IN1 + IN2) + 0.117 × SOC) 		
+ 0.113 × (IN1 + IN2),
in which SOC is the organic C content (%). The equation is based on a larger data set
[IFA/FAO 2001] and consists of one regression model for the N2O and NOx losses
through denitrification, and a direct loss factor for volatilization of NH3. The regression model has a R2 of 0.70.
11.2.2.10 Erosion (OUT5)
To assess nutrient loss by erosion, the LAPSUS model [Schoorl et al. 2002] is used.
This model simulates erosion and sedimentation at the landscape scale, which
has several advantages: quantitative data is generated, erosion is considered at the
landscape scale, and sedimentation is taken into account. Main input data of the
LAPSUS model are the topographical potentials derived from a digital elevation
model [USGS 1998] and rainfall surplus, derived from the rainfall map [Leemans
and Cramer 1991]. Other input data are soil depth and erodibility, which are based on
the soil map [FAO/UNESCO 1997], and a land cover map [USGS et al. 2000]. With
these inputs the model simulates runoff and erosion–sedimentation for 1 year at a 1
km2 resolution. The loss or gain of nutrients is calculated by multiplying the erosion
or sedimentation by the soil nutrient contents and an enrichment factor. Based on
additional literature the enrichment factor is adjusted to 2.3 for N, 2.8 for P, and 3.2
for K.
The revised NUTBAL study includes nutrient balance maps as shown in Figure
11.4 for Mali. Whereas the 1990 NUTBAL study indicates N depletion of 8 (1983)
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N depletion (kg/ha)
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No data
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FIGURE 11.4 Example of the spatially explicit nitrogen balance for Mali. (Data from FAO,
Scaling Soil Nutrient Balances—Enabling Mesoscale Approaches for African Realities. FAO
Fertilizer and Plant Nutrition Bulletin 15, FAO, Rome, 2004. With permission.)

to 11 (2000) kg ha−1 yr−1, the updated approach shows large differences within the
country. The N balance is mainly positive in the central part of Mali, where rice and
fallow are the main land uses, while the northern border of the agricultural zone,
with mainly millet and sorghum cultivation, shows severe depletion.
Projected N flows for Ghana, Kenya, and Mali are summarized in Figure 11.5. In
Kenya, the input of mineral and organic fertilizer is relatively important, whereas
15

Ghana
Kenya
Mali

10

Nitrogen (kg/ha)

5
0
–5

–10
–15
–20
–25

IN1

IN2

IN3

IN4

IN5 OUT1 OUT2 OUT3 OUT4 OUT5
Nitrogen flows

FIGURE 11.5 Nitrogen flows for Ghana, Kenya, and Mali. (Data from FAO, Scaling Soil
Nutrient Balances—Enabling Mesoscale Approaches for African Realities. FAO Fertilizer
and Plant Nutrition Bulletin 15, FAO, Rome, 2004. With permission.)
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Ghana has a greater input by atmospheric deposition because of Harmattan dust.
Outflows by leaching and gaseous losses are somewhat greater in Kenya where
more mineral fertilizers are used. Most apparent are the N-losses due to widespread water erosion in Kenya. According to the updated NUTBAL study, Kenya
has the greatest nutrient depletion for N and K, followed by Ghana and Mali. For
P, Ghana and Mali show slightly negative balances, while the P balance for Kenya
is neutral (Table 11.2). Kenyan farmers apply 30,000 tons of P with mineral fertilizer (IN1), which is 15 times that applied in Ghana and five times that applied in
Mali. A comparison with the results of the 1990 NUTBAL study shows that the
latter’s projections for 2000 is in agreement with the projections from the updated
NUTBAL, particularly for Ghana and Mali. For Kenya, nutrient depletion is
about 25% less severe compared to the projections for 2000 by the NUTBAL
study.
The 1990 NUTBAL study has no detailed uncertainty analysis, although uncertainty in the projections can be great due to the assumptions and simplifications
used. This has been remedied in the revised version. Uncertainty in the nutrient
balances can be attributed to various biases and errors. It is usually smaller for farmgate balances (dealing mainly with IN 1, IN2, and OUT1) than for soil surface balances that consider leaching and gaseous losses [Oenema et al. 2003]. Lesschen et al.
[2007] apply the revised NUTBAL methodology [FAO 2004] to Burkina Faso, and
this includes an uncertainty assessment. Cross and spatial correlations between the
various sources of uncertainty and their scale-dependency are taken into account.
In the case of Burkina Faso, the error margin in the projected soil nutrient balance
is −20 (±15) kg N ha−1 yr−1, −3.7 (±2.9) kg P ha−1 yr−1, and −15 (±12) kg K ha−1 yr−1.
Overall, however, uncertainty associated with the soil nutrient balances is relatively
low, compared to uncertainties of all input data. According to the uncertainty analysis, most LUSs are being depleted in soil nutrients.

TABLE 11.2
Comparison between the Nutrient Balance Calculations of Stoorvogel and
Smaling and the FAO
FAO [2004]

Stoorvogel and Smaling [1990]

1997–1999
Ghana
Kenya
Mali

1982–1984

2000

N

P

K

N

P

K

N

P

K

−27
−38
−12

−4
0
−3

−21
−23
−15

−30
−42
−8

−3
−4
−1

−17
−29
−7

−35
−46
−11

−4
−1
−2

−20
−36
−10

Source: Stoorvogel, J.J. and Smaling, E.M.A., Assessment of Soil Nutrient Depletion in Sub-Saharan
Africa: 1983–2000. Report 28, Winand Staring Centre, Wageningen, the Netherlands, 1990;
FAO, Scaling Soil Nutrient Balances—Enabling Mesoscale Approaches for African Realities,
FAO Fertilizer and Plant Nutrition Bulletin 15, FAO, Rome, 2004.
Note: Values for the year 2000 are projections carried out in 1990.
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TABLE 11.3
Nutrient Balance for Nkawie District, Ghana
Area
Crop
Cassava
Maize
Plantain
Cocoa
All crops

N

(ha)
11 838
11 455
11 725
48 493
110 262

P

K

(kg/ha)
−68.3
−32.4
−8.7
−3.2
−18.0

−9.6
−6.3
−0.3
−0.1
−1.9

−59.0
−20.3
−35.6
−8.5
−20.3

Source: FAO, Scaling Soil Nutrient Balances—Enabling Mesoscale Approaches
for African Realities, FAO Fertilizer and Plant Nutrition Bulletin 15,
FAO, Rome, 2004.

11.2.3

AppLICaTIONS aT DISTRICT LEvEL

The updated NUTBAL study includes an assessment of nutrient balances at district
levels in Ghana, Kenya, and Mali for major cash crops. Tables 11.3 and 11.4 show the
nutrient balances for the four most important crops in Nwakie District (Ghana) and
Embu District (Kenya), as an example. It is apparent that these cash crops have much
better nutrient balances than the food crops. Figure 11.6 shows the dominant role
of cotton in the N balance of the Koutiala region of Mali. Soil N outputs under sorghum and millet are smaller than total N outputs under cotton, even though the latter
receives large inputs through fertilizers. However, in the common rotational systems,
millet and sorghum scavenge on the fertilizer applied to cotton in the preceding year.
The study shows that it is possible to construct a nutrient balance at district level, also
offering entry points for farming and land-use strategies.

TABLE 11.4
Nutrient Balance of the Tea-Coffee-Dairy Zone, Embu District, Kenya
Area
Crop
Maize
Beans
Coffee
Tea
All crops

N

(ha)
5 143
2 748
8 813
1 092
20 678

P

K

(kg/ha)
−174.2
−142.0
−39.1
−16.3
−95.6

−31.2
−25.9
−7.6
−1.4
−14.9

−73.0
−23.8
−7.3
−2.3
−33.1

Source: FAO, Scaling Soil Nutrient Balances—Enabling Mesoscale Approaches for African
Realities, FAO Fertilizer and Plant Nutrition Bulletin 15, FAO, Rome, 2004.
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Sorghum

Nitrogen (kg/ha)

30
20
10
0
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Nutrient flows

FIGURE 11.6 Nitrogen flows for the three major crops, Koutiala Region. (Data from FAO,
Scaling Soil Nutrient Balances—Enabling Mesoscale Approaches for African Realities. FAO
Fertilizer and Plant Nutrition Bulletin 15, FAO, Rome, 2004. With permission.)

11.3

11.3.1

 ALCULATING, MONITORING, AND
C
MANIPULATING NUTRIENT FLOWS AND BALANCES
AT FARM AND PLOT LEVEL (NUTMON)
FaRm-NUTMON

The farm and plot levels offer new dimensions to nutrient balance research. Nutrient
stocks and flows can be calculated and estimated, but also monitored. Next, internal
flows between farm and plot compartments can play a large role, in addition to the
inputs and outputs of Figure 11.2. The internal flows become visible by partitioning
farms and plots into several compartments or activity levels such as household, plots,
livestock, feedstocks, and redistribution units (stables, compost heaps, latrines, etc.).
The conceptual framework is shown in Figure 11.7. By using internal farm compartments, different farming strategies can be evaluated and best practices identified.
Such best practices can be labeled INM and offer concrete options for action. INM
technologies often combine one or more of the following categories:
• Adding nutrients to the system (increasing INs), such as the application of mineral fertilizers and amendments, concentrates for livestock, organic inputs from
outside the farm, and N-fixation in wetland rice and by leguminous species
• Saving nutrients from being lost from the system (decreasing OUTs), such
as erosion control, keeping crop residues inside the farming system, and
planting deep-rooting species to reduce leaching losses
• Recycling the volume of nutrients within the system so as to maximize nutrient
use efficiency and system productivity (improving routing of internal flows)
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IN 1,2,3,4,5

Farm
PPU

OUT 1,2

OUT 2,3,4

IN 1,2

RU
IN 1,2

IN 2

SPU

Stock

Household

OUT 1,2

LEGEND
External flows
IN 1
IN 2
IN 3
IN 4
IN 5

in flows

mineral fertilizer
organic manure
wet + drt deposition
biological N-fixation
sedimentation

OUT 1
OUT 2
OUT 3
OUT 4
OUT 5
OUT 6

out flows

Internal flows

crop products
crop residues
animal products
fresh manure
FYM/compost
household waste

harvested crop parts
crop residues
leaching
denitrification
water erosion
human feces

OUT 1,2

OUT 6

FIGURE 11.7 Nutrient inflows, outflows, and internal flows used in NUTMON. PPU =
primary production unit; SPU = secondary production unit; RU = redistribution unit;
FYM = farmyard manure. (Data from Van den Bosch, H., et al., Agric. Ecos. Envir., 71,
62–80, 1998; Vlaming, J., et al., Monitoring Nutrient Flows and Economic Performance in
Tropical Farming Systems (NUTMON)—Part 1: Manual for the NUTMON-Toolbox, Alterra,
Wageningen, the Netherlands, 2001. With permission.)

Also, an economic component can be added to the nutrient monitoring, as IN1, IN2,
OUT1, and OUT2 can be expressed in monetary units. Moreover, nutrient management is brought inside the wider domain of farm household production and consumption strategies. The resulting monitoring framework is known as NUTMON.
The different features of NUTMON are described in a suite of papers [Smaling and
Fresco 1993; Van den Bosch et al. 1998; De Jager et al. 1998a, 1998b], that form part
of a larger series of documented nutrient balance studies [Smaling 1998; Smaling
et al. 1999], and a characterization of major SSA farming systems on the basis of
nutrient stocks, flows, and INM technologies [Smaling and Dixon 2006]. NUTMON
has, since its inception, been used to i) calculate input–output balances [e.g., Van den
Bosch et al. 1998], ii) understand actual farm practices under diverging agroenvironmental conditions [e.g., Van Beek et al. 2009], iii) perform impact assessments of
interventions [e.g., De Jager 2007], iv) guide registration and certification procedures
[e.g., De Jager 2007], and v) support joint learning and participatory research with
different (groups of) stakeholders [e.g. Onduru et al. 1999, 2001].

11.3.2

CaLCULaTINg FaRm-LEvEL NUTRIENT BaLaNCES

11.3.2.1 Inputs–Outputs
To demonstrate differences in farm nutrient management, the results of five major
NUTMON studies are brought together (Table 11.5). All studies in the table refer to
mixed smallholder farming systems of, on average, 3 ha, but the objectives and monitoring periods of the projects differed. Table 11.6 provides the average nutrient balances recorded in the projects listed in Table 11.5. The results follow from a database
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TABLE 11.5
Characteristics of Major NUTMON Projects
Project
LEINUTS

NUTSAL

VARINUTS

Objective
Identification of potentials of low-external
input and sustainable agriculture to attain
productive and sustainable land use in Kenya
and Uganda
Assessment and monitoring of nutrient flows
and stocks and development of appropriate
nutrient management strategies for semiarid
areas in Kenya
Spatial and temporal variation of soil nutrient
stocks and management in sub-Saharan
African farming systems

PIMEA
INMASP

INM to attain sustainable productivity
increases in East African farming systems

Main Cropping
System

Monitoring
Period

Maize, coffee,
vegetables

1997

Maize, peas,
sorghum, beans

1999, 2000

Maize, coffee

1997

Beans, barley,
wheat
Cassava, sorghum,
millet, maize

2001
2002

Source: FAO, Scaling Soil Nutrient Balances—Enabling Mesoscale Approaches for African Realities,
FAO Fertilizer and Plant Nutrition Bulletin 15, FAO, Rome, 2004.

that contains approximately 500 farm records. Each site is characterized by net farm
income (NFI), i.e., the gross margins of all farm activities, excluding off-farm labor
and income. Hence, the NFI is an indicator of farm profitability. In Table 11.6, NFIs
are converted to US$ at the time of monitoring and cover one growing season. The
range is considerable, and includes two sites with negative NFI, in the low-potential
areas of Mbeere (Kenya) and Pallisa (Uganda).
Next, full and partial nutrient balances are given. Full nutrient balances refer to
the sum of all inputs minus the sum of all outputs. Partial balances only cover the
easy-to-quantify flows IN1, IN2, OUT1, and OUT2. They are clearly incomplete
from a biophysical standpoint, but more accurate than a full balance and offering
a basis for strategic farm decisions. The partial balance is generally regarded as an
indicator for the efficiency of nutrient use, whereas the full balance is an indicator
for soil nutrient depletion. Figure 11.8 shows the breakdown of the full N balance
for each site. Highest losses of N were estimated for erosion and leaching, but the
uncertainties in these estimations are high. On the input side, most entries are easy
to quantify and hence considered relatively accurate.
11.3.2.2 Internal Flows
Strategic management of the interactions between the crop and livestock compartments, or the PPU and SPUs (Figure 11.7), is common in many farming systems,
and a major INM technology. Grass, fodder crops, and crop residues are eaten by
animals, whereas manure is returned to the grasslands and crop fields. Figure 11.9

1

Kenya
Uganda
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Burkina Faso
Ethiopia
Ethiopia
Uganda
Uganda
Uganda
Ethiopia
Ethiopia
Kenya
Kenya
Kenya
Kenya

Country

Nyeri
Pallisa
Machakos
Makueni
Makueni
Mwingi
Kajiado
Embu
Manga
Teghane
GoboDeguat
Wakiso
Pallisa, Chelekura
Pallisa, Akadot
Solkua
Wache
Mbeere, Munyaka
Kiambu, Kibichoi
Kiambu, Ngaita
Mbeere, Kamugi

District
19
15
29
19
17
13
8
16
31
8
11
28
10
21
20
14
31
31
16
32

No. of Farms
172
147
28
89
107
28
478
581
943
1038
765
4131
886
–243
831
1013
184
272
1019
−933

NFI (US$ farm−1)
−10.4
−2.6
−50.0
1.1
−15.8
−17.2
−28.7
3.4
−23.5
−121.8
−0.7
−8.2
−23.7
−2.6
−3.7
−8.8
–45.6
111.5
−66.2
−11.6

Nfull
3.1
36.7
5.9
−1.7
−1.3
−0.8
−2.1
7.2
8.2
−64.3
0.5
0.1
−0.4
2.3
0.0
−12.4
−8.4
18.6
−2.1
3.8

Pfull
2.5
16.9
−28.8
−5.4
−1.8
−0.6
−3.7
19.7
−3.3
−36.2
7.5
−0.4
−7.6
−0.1
1.9
−28.2
−3.8
155.4
−9.2
−8.2

Kfull
−1.4
12.2
68.0
36.7
4.2
0.3
0.2
32.7
36.6
−1.4
9.8
0.3
−0.1
4.7
5.8
0.6
9.9
178.3
31.7
4.3

Npart
−0.3
1.8
41.8
13.0
1.0
0.2
0.6
7.9
9.3
−0.2
1.0
0.1
1.2
−0.3
0.5
1.1
2.1
26.6
7.3
6.2

Ppart

−0.7
16.3
44.8
8.5
8.0
0.2
1.2
25.2
4.9
−2.5
10.2
0.2
−3.9
−0.6
7.7
−1.9
3.2
173.2
12.4
0.9

Kpart

Source:

2

1

Onduru, D.D., et al., Exploring New Pathways for Innovative Soil Fertility Management in Kenya. Managing Africa’s Soils, No. 25, IIED, London, 2001;
Gachimbi, L.N., et al., Land Use Policy, 22, 13–22, 2005; 3Onduru, D.D., et al., Participatory Research of Compost and Liquid Manure in Kenya. Managing
Africa’s Soils, No. 8, IIED, London, 1999; 4 De Jager, A.H., et al., Internat. J. Sustain. Agric., 3, 189–205, 1999; 5 Van Beek, C.L., et al., Agricultural, Economic
and Environmental Performance of Four Farmer Field Schools in Kenya, INMASP Project Reports No. 18, Alterra, Wageningen, the Netherlands, 2005.
Note: NFI = Net farm income. The subscripts full and part refer to full balances including hard to quantify flows and partial balances consisting only of easy to quantify
flows, respectively (see text), and are expressed in kg ha−1 season−1. The upper seven sites were monitored twice, the others once.

LEINUTS
LEINUTS
NUTSAL2
NUTSAL
NUTSAL
NUTSAL
NUTSAL
Varinuts3
Varinuts
Pimea4
Pimea
INMASP5
INMASP
INMASP
INMASP
INMASP
INMASP
INMASP
INMASP
INMASP

Project

TABLE 11.6
Overview of Datasets of Previous NUTMON Studies (1997–2002) and Main Results at Farm Level

20 Years after the Assessment of Soil Nutrient Balances
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Embu
Manga
Teghane
GoboDeguat
Matuu
Kiomo
Kibwezi
Kasikeu
Enkorika
Pallisa
Kabarole
Nyeri
Machakos
Wakiso
Chelekura
Siakago
Ngaita
Kibichoi
Gachoka
Wache
Solkua
Akadot
–300

–200

–100

0

Mineral fertilizer
Organic fertilizer
Inflow grazing
Atmospheric deposition

FIGURE 11.8

100
kg N ha–1

200

Biological N fixation
Harvest crop products
Removed crop residues
Outflow grazing

300

400

Leaching
Gaseous losses
Erosion
Human feces

Breakdown of full N balances for the NUTMON project sites.

and Table 11.7 (for each project), show the magnitude of the N flows from crop to
livestock and vice versa, averaged for the dataset of Table 11.6. Clearly, the flow of
N from crops to livestock exceeds the flow of N from livestock to crop. At the same
time, external inputs of N were greater for the livestock compartment than for the
crop compartment. In other words, more N is imported as concentrates and fodder
from external markets than N imports through fertilizers. However, exports of N
9 13

b

Crop
14
a

39
Livestock
Farm
8 24

External (markets)

FIGURE 11.9 Average N flows between crop and livestock at farm level and interactions
with external compartments (markets, kg farm−1).
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TABLE 11.7
Internal N Flows (kg) between PPUs and SPUs, Averaged per Project
Project
INMASP
LEINUTS
NUTSAL
PIMEA
Varinuts

From Crop to Livestock
9
55
61
6
37

From Livestock to Crop
3
19
28
<1
8

Source: FAO, Scaling Soil Nutrient Balances—Enabling Mesoscale Approaches for African
Realities, FAO Fertilizer and Plant Nutrition Bulletin 15, Rome, FAO, 2004.

from the livestock and crop compartments were about equal (8 and 9 kg N farm−1,
respectively). The relatively high N flows from crop to livestock may have several
reasons, including poor N efficiency of livestock, difficulties in collecting livestock
droppings (depending on livestock management system), and poor composting and/
or storage facilities. Using the data of Figure 11.9, the compartmental N balances
equaled −21 kg N farm−1 yr−1 for the average PPU/crop compartment and +41 kg N
farm−1 yr−1 for the average SPU/livestock compartment. Nevertheless, cash expenses
on crops exceeded cash expenses on livestock on average by 90% and include seeds,
fertilizers, traction, labor, pesticides, etc.
11.3.2.3 Farm Income
Most often, economic farm performance is evaluated using NFI (Table 11.6). It
is, however, increasingly recognized that sustainable nutrient management is also
related to socioeconomic farm conditions [De Jager 2005]. To demonstrate these
relations, Pearson’s correlations are shown for N and P flows and a few social and
economic characteristics as shown in Tables 11.8a and 11.8b, respectively. The tables
demonstrate the multiple interactions between different flows and the complexity
of unraveling causes and effects of nutrient management at farm level. The analysis
of the dataset does not reveal a consistent picture of relations, which is most likely
due to the large variations in socioeconomic circumstances of the farm households
included in the database. The N-total balance and NTot/NStock ratio (quantifying
the full N balance as a fraction of the soil N stock) are negatively related to the NFI
(Table 11.8a). The number of household members and the market share have little
effect on farm performance and nutrient balance. However, the number of tropical
livestock units (TLUNO) has considerable effects on several balance entries and on
the NFI. With regard to P (Table 11.8b), most strikingly there are no correlations
with NFI. However, significant correlations exist with respect to the presence of
livestock. Clearly, livestock increases P inputs and the partial P balance.
11.3.2.4 Farm Level Heterogeneity
Table 11.6 lumps project output and therefore does not show relevant diversity
observed at the field level where the projects took place. Table 11.9 shows more
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TABLE 11.8a
Pearson’s Correlations for N Fluxes (p < 0.0001, n > 540)
NSTOCK
Ntot/Nstock
N_IN1
N_IN2
N_IN2B
N_IN3
N_IN4
N_OUT1
NTOT
NFI
NPART
N_OUT2
N_OUT2B
N_OUT3
N_OUT4
N_OUT5
N_OUT6
MARKETSH
TLUNO
NOHHM

NSTOCK
Ntot/Nstock
N_IN1
0.3
N_IN2
0.2
0.4
N_IN2B
0.2
N_IN3
–0.2
N_IN4
0.3
N_OUT1
–0.5 –0.3
NTOT
–0.3 0.7
0.2 –0.4 –0.3
NFI
–0.4
0.2 –0.3 –0.3
NPART
0.2 0.2 0.7 0.5 0.6
0.3
N_OUT2
0.3
N_OUT2B
–1.0
–0.2
–0.5
N_OUT3
–0.2 0.7
–0.4 –0.4
0.9 –0.3
N_OUT4
–0.5 0.3 –0.3
–0.4 –0.4
0.8 –0.2 –0.2
0.7
N_OUT5
–0.3 0.2
–0.4 –0.3
0.6
0.3 0.5
N_OUT6
–0.2
0.3
0.4
MARKETSH
TLUNO
–0.5 0.2 0.2 0.2
–0.2 0.3 0.3
–0.2 –0.4 –0.2
NOHHM
–0.4

Source: FAO, Scaling Soil Nutrient Balances—Enabling Mesoscale Approaches for African Realities,
FAO Fertilizer and Plant Nutrition Bulletin 15, FAO, Rome, 2004.
Note: NStock refers to the total N content in the upper 30 cm of soil; Ntot is the total N balance; NFI is
the net farm income; Npart is the partial N balance; Marketsh is an indicator for the market orientation of the farm; TLUNO is number of tropical livestock units at farm level; and NOHHM is the
total number of household members.

TABLE 11.8b
Pearson’s Correlations for P Fluxes (p < 0.0001, n > 540)
NFI
MARKETSH
TLUNO
NOHHM
PSTOCK
PTOT
PPART
P_IN1
P_IN2
P_IN2B
P_IN3
P_OUT1
P_OUT2
P_OUT2B
P_OUT5
P_OUT6

NFI

MARKETSH
TLUNO
NOHHM
PSTOCK
PTOT
–0.8
PPART
0.3
0.2
P_IN1
0.3
0.9
P_IN2
0.2
0.5 0.2
P_IN2B
0.2
P_IN3
–0.2
0.2
P_OU
–0.2
P_OUT2
P_OUT2B
–0.2
–0.9
P_OUT5
–0.8
–0.3
P_OUT6
–0.4
–0.3
–0.2 0.2 0.2

Source: FAO, Scaling Soil Nutrient Balances—Enabling Mesoscale Approaches for African Realities,
FAO Fertilizer and Plant Nutrition Bulletin 15, FAO, Rome, 2004.

1 770
1 750
16.8
Tea/dairy
Andosol/Nitisol
7.5
−143
−4.0
−11.7

AEZ1
1 590
1 400
18.2
Tea/coffee/dairy
Nitisol
6.4
−197
−11.6
−30.3

AEZ2
1 320
1 200
20.2
Coffee/maize
Nitisol
4.4
−143
−3.6
−31.2

AEZ3
980
900
21.4
Tobacco/food crops
Luvisol
2.1
−30
8.8
1.8

AEZ4

830
800
22.6
Livestock/shifting cultivation
Lixisol
0.9
−27
−1.9
6.6

AEZ5

Source: FAO, Scaling Soil Nutrient Balances—Enabling Mesoscale Approaches for African Realities, FAO Fertilizer and Plant Nutrition Bulletin 15, Rome,
FAO, 2004.

Altitude (m)
Rainfall (mm)
Mean temp (°C)
Main land use
Main soil types
Total soil N (g kg−1)
N balance (kg ha−1 yr−1)
P balance (kg ha−1 yr−1)
K balance (kg ha−1 yr−1)

Characteristic

TABLE 11.9
Land Characteristics and Nutrient Balances of Agroecological Ones in Embu District, Kenya
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TABLE 11.10
Partial N Balance for Three Soil Fertility Management Classes in
Two Villages, Southern Mali
M’Peresso
Number of farms
IN1
IN2
OUT1
OUT2
Partial balance

Noyaradougou

Class 1

Class 2

Class 3

Class 1

Class 2

Class 3

3
15.9
23.8
21.6
19.4
–1.3

10
16.4
16.4
18.8
13.3
0.7

7
13.4
14.5
17.3
13.1
–2.5

8
42.9
11.5
28.2
17.3
8.9

5
42.1
8.1
24.0
15.0
11.2

7
40.6
11.8
22.6
17.3
12.5

Source: Kanté, S., Gestion de la Fertilité des Sols par Classe d’Exploitation au Mali-Sud. PhD thesis,
Wageningen University, the Netherlands, 2001; FAO, Scaling Soil Nutrient Balances—Enabling
Mesoscale Approaches for African Realities, FAO Fertilizer and Plant Nutrition Bulletin 15,
FAO, Rome, 2004.

detail for the farms monitored during the VARINUTS project in Embu, Kenya [FAO
2004]. In each agroecological zone (AEZ), three farms were monitored. Although
the choice of farms does not pretend to be fully representative of each AEZ, it is clear
that the wetter AEZs in the sloping areas with little fallow land have the more negative nutrient balances, but also have the larger N stocks. In Southern Mali, partial
nutrient balances were calculated for two villages where cotton, millet, and sorghum
were the major crops (Table 11.10). Villagers grouped each other into three classes
related to nutrient management. M’Peresso had the higher livestock density (0.36
vs. 0.12 TLU ha−1), explaining the higher IN2 values. Noyaradougou compensates
this by higher fertilizer use. M’Peresso has average soil N stocks of 600 kg ha−1 in
the upper 40 cm of soil, whereas Noyaradougou has 900 kg ha−1 [Kanté 2001; FAO
2004].

11.3.3

FROm NUTMON TO MONQI

In the past years, the scope of application of NUTMON has been broadened and the
model renamed MONitoring for Quality Improvement (MonQI). At present, when
the MonQI toolbox is applied, generally nine consecutive steps are taken, as shown
in Figure 11.10. To facilitate the choice for a certain application, four different profiles were determined, which consist of different sets of software modules.
11.3.3.1 Joint Learning
This profile is used in situations where the main objective is to relate social empower
ment and action learning. The main feature is that it uses the reporting module,
which allows farmers to compare their farm performance with the results of other
members of a group and/or the average of a group. The tool produces reports per
individual farm, as well as at the group or village level. Data are collected by farmers
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2. Training of enumerators
by MonQl R&D team

3. Check and modify background
data to local conditions

1. Adapt MonQl configuration
to project objectives

4. Farm interviews using
structured questionnaires

5. Data entry

9. Follow up activities

8. Data interpretation
and reporting

6. Data debugging
7. Data processing

FIGURE 11.10

The nine steps of the MONQI methodology.

in their own language, using the units of measure they are accustomed to. This profile is used in the INMASP project (Table 11.6) and demonstrates the impact of
providing quantitative data (in charts) to stimulate farmers to learn from each other
[De Jager et al. 2008].
11.3.3.2 Environment
The environment profile is used when the objective is to understand environmental
impacts of smallholder agriculture through the leaching of nutrients and pesticides.
It uses the pesticide monitoring and evaluation module and hard to quantify estimation of nutrient losses. Currently, this profile is mostly used in China and Vietnam to
identify agricultural practices with risks for environmental trade-off effects [Peeters
et al. 2007].
11.3.3.3 Livelihoods
The livelihoods profile is mostly used to assess food security, household assets, and
income. This profile was used after the tsunami of 2004 to monitor asset development and the impact of aid. Another example of this profile is the application
of MonQI as an early warning indicator in Somaliland for food insecurity through
monitoring asset developments of smallholders.
11.3.3.4 Agro-Food Chains and Certification
The agro-food chain profile is used for tracking and tracing the use of inputs (most
often pesticides) or monitoring on-farm production management in the agro-food
chain with the objective to meet quality standards of the EU or for certification for
niche markets. This profile is currently used for the certification of watermelon in
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Vietnam and to monitor adherence to a private-sector-set code of conduct in the floriculture sector in Ethiopia. In a study in Vietnam, for example, in order to get detailed
and quantitative information on pesticide use on the watermelon variety Happy
Sweet, farm management was monitored in detail using an additional module called
MonQI-P on environmental risks associated with the use of pesticides [Peeters et al.
2007]. In MonQI-P, the tailor-made reporting tool of profile 1 is further extended
with calculations of recorded amounts of pesticides into active ingredients. In this
way, the pesticide protocol of the buying company can be compared with farmers’
field operations against the background of international health and sanitation standards and export quality restrictions.
The MonQI profiles overlap and, through the flexible activation of modules, mixed
profiles are also possible. A mixed profile is used for monitoring sustainability of
commercial tea production in Kenya. In the coming years, further modifications of
the software are foreseen such as the monitoring of C and water management and
optimal resource distribution under limited availability (Figure 11.1).

11.4

S TUDIES ON SOIL NUTRIENT DYNAMICS
BEYOND THE NUTMON FAMILY

Soil fertility dynamics can be studied through expert judgment by farmers when no
quantitative assessments are available using soil color, workability, previous harvests, etc. Vernacular names then often shed light on the perception and appreciation
of soil quality differences [e.g., Stroosnijder and van Rheenen 2001]. Remarkably,
on a world scale, the Global Assessment of Human-Induced Soil Degradation
(GLASOD) is also largely based on expert judgment [Oldeman et al. 1991]. The
NUTMON approach is semiquantitative, using an input–output model with different
terms, providing a net balance for the system under study. A considerable number
of nutrient balance research papers not linked to NUTMON have been published
over the past 20 years, and are summarized in Section 11.l. Calculating and assessing changes in soil fertility do not necessarily require a nutrient balance approach.
Changes can also be measured or assessed by sampling soils over certain time intervals (chronosequence), or by sampling soils at the same time but in different LUSs
(biosequence). Results of these approaches are given in Section 11.2. A set of cases
on the manipulation of nutrient stocks and balances (INM) is given in Section 11.3.

11.4.1

NUTRIENT BaLaNCES

At the national level, the Lesschen et al. [2007] study covers Burkina Faso, with a
nutrient balance of −20, −3.7, and −15 kg N, P, and K ha−1 yr−1, respectively. Folmer et
al. [1998] estimated soil fertility loss in Mozambique by combining land units (based
on soil fertility, precipitation, and erosion) and land-use types (characterized by crops,
scale, and occupation percentage of the land) into LUSs. On average, nutrient balances
for 1997 were estimated at −33, −6.4, and −25 kg N, P, and K ha−1 yr−1. Haileslassie et
al. [2005] assessed soil nutrient depletion and its spatial variability for Ethiopia and its
regional states. At the national level, full nutrient balance results indicated an annual
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depletion rate of 122 kg N ha−1, 13 kg P ha−1, and 82 kg K ha−1. Soil nutrient stocks in
all regional states were decreasing with the exception of areas under permanent and
vegetable crops. Soil erosion was the major cause of nutrient depletion in Ethiopia,
accounting for 70%, 80%, and 63% of the N, P, and K losses, respectively.
For Asia, results are different. Surface N balances for China’s crop production
systems were estimated using statistical data collected from 1980 to 2004 at the
national and provincial scales and from 1994 to 1999 at the county level. The total
cultivated land in China had a positive N balance of 143 kg ha−1 yr−1 in 2004, which
is expected to increase to 169 kg ha−1 yr−1 in 2015. The N balance surplus in the
more developed southeastern provinces was the largest [Sun et al. 2008]. Pathak et
al. [2010] studied nutrient balances for the different states of India. Removals of N,
P, and K by major agricultural crops in the country were 7.7, 1.3, and 7.5 Mt, respectively, but yet there were positive balances of N (1.4 million tons) and P (1.0 million
tons), and a negative balance of K (3.3 million tons) for the 2000–2001 season.
Cobo et al. [2010] recently published a comprehensive overview for 57 peer-reviewed
studies in Africa. Most nutrient balances are calculated at the plot and farm scales and
generated in East Africa. The analysis confirms the trend of nutrient mining in Africa for
N and K, where more than 75% of selected studies have negative balances, whereas for P,
56% of the studies show negative mean balances (Figure 11.11). Other significant results
derived from the analysis of the dataset are 1) LUSs of wealthier farmers mostly present
higher N and P balances than systems of poorer farmers; 2) plots located close to homesteads also show higher balances than plots located relatively further away; and 3) partial nutrient balances are significantly higher than full balances calculated for the same
systems. The data do not reveal a major trend in the magnitude of N, P, and K balances
by increasing the spatial scale from the plot to the continental level. This is in apparent
contradiction to Haileslassie et al. [2007], Schlecht and Hiernaux [2004], and Onduru
and Du Preez [2007] who claim a trend of increasingly negative nutrient balances with
increasing scales of observation. However, a limitation of the results in Figure 11.11 is
the diversity of farming systems assessed and the inclusion of sublevels within main
scales, which could increase the variability. The review of Cobo et al. [2010] illustrates
the high diversity of methods used to calculate nutrient balances and highlighted the
main pitfalls, especially in the case of upscaling nutrient flows and balances. According
to the authors, the major generic problems are the arbitrary inclusion and exclusion of
flows from the calculations, short evaluation periods, difficulties on the setting of spatialtemporal boundaries, inclusion of lateral flows, and the linking of the balances to soil
nutrient stocks. Main challenges during scaling-up are related to the type of aggregation
and internalization of nutrient flows, as well as issues of nonlinearity and spatial variability, resolution, and extent, which have not been properly addressed yet.
Urban and periurban agriculture have nutrient balances that can differ largely
from those in rural areas. Grote et al. [2005] point out that urban environments are
sinks of nutrients through the large-scale import of food stuffs. The waste that is
created with it can be usefully recycled back into the agricultural system, but can
also pose overuse and health problems [Drechsel and Kunze 2001]. A recent study in
Niamey (Niger) shows positive partial nutrient balances in ten vegetable gardens of
290–1133 kg N ha−1, 125–223 kg P ha−1, and 312–351 kg K ha−1 [Diogo et al. 2010].
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For Asia at the field level, Regmi et al. [2002] did a nutrient balance assessment, based
on long-term rice-rice-wheat trials in Central Terai, Nepal, and found nutrient balances
of 3, −4, −12 (control treatments), 29, 23, −62 (NPK), and 96, 33, −16 (manure) kg ha−1
yr−1 for N, P, and K, respectively. Even in an intensive high-input system, K withdrawal
is apparently not matched by stocks and inputs, and is the major cause of the slight but
consistent yield declines that were observed throughout the 20-year period. Dobermann
et al. [1996a, 1996b] provide accounts of P and K balances in intensive wetland rice systems in Southeast Asia, and also find negative K balances in most systems.
Finally, the use of nutrient balances is not restricted to agricultural systems.
Various studies applied the concept to natural ecosystems [e.g., Stoorvogel et al.
1997; Klinge et al. 2004].

11.4.2

C aND NUTRIENT STOCkS

Various studies of SOC stocks and changes exist for SSA at a national level, including
Kenya [Batjes 2004], Senegal [Batjes 2001; Woomer et al. 2004], Congo Republic
[Schwartz and Namri 2002], and Central Africa [Batjes 2008] using soil survey
legacy data and conventional GIS-based mapping approaches. Other studies apply
dynamic, process-based models to assess changes in SOC subsequent to defined
changes in land use and management [Tschakert et al. 2004; Kamoni et al. 2007; Tan
et al. 2009]. SOC stocks for Senegal, for example [Batjes 2001], range from 10 tons
C ha−1 for an Arenosol under sparse vegetation to 72 tons for a Ferralsol under forest,
whereas the highest value was 300 tons C ha−1 for a Fluvisol under rice and short
grassland. This study accounts for differences in bulk density and gravel content,
with soil type and land-use management. Alternatively, Windmeijer and Andriesse
[1993] report average SOC content for the West African Equatorial Forest, Guinea
savanna, and Sudan savanna to be 24.5, 11.7, and 3.3 g kg−1, respectively. Pieri [1989]
mentions annual loss rates of SOC content in cultivated fields in Senegal (3.2%–
7.0%), Burkina Faso (1.5%–6.3%), and Chad (0.5%–2.8%). At the district and province levels, a survey by the Burkina Faso Bureau National des Sols (unpublished)
for the southwestern Houet Province reports 11 to 30 tons C ha −1 , and 1000 to 2500
kg N ha−1. In the Sanmatenga Province, on the Mossi Plateau, these values are 17 to
25 ton C ha−1, and 1100 to 1700 kg N ha−1 [Stroosnijder and Van Rheenen 2001]. In
the Embu District in Kenya, total N content ranges from approximately 7.5 g kg−1
on the tea areas on the higher slopes of Mount Kenya to 0.9 g kg−1 in the semiarid
lowlands to the east [Smaling et al. 2002]. In Zimbabwe, SOC stocks under reference woodlands are largest (53.3 t ha−1) in a red clay soil, followed by a granitic sand
(22.8 t ha−1), and a Kalahari sand (19.5 t ha−1) [Zingore et al. 2005].
When looking at chronosequences and biosequences in SSA, Hartemink [2003]
mentions that SOC contents under Nigerian forest were 26–35 g kg−1, against 13–19 g
kg−1 for cocoa fields of 10–55 years of age, and that SOC equilibrium under cocoa is
below that observed for soils under natural forest. Data from Cameroon [Kanmegne
2004] and Madagascar [Brand and Pfund 1998] show soil N losses as high as 3000
and 5000 kg ha−1 when forest is converted to agricultural land. Prolonged fallow
[Nye and Greenald 1960] can help restore soil C stocks, albeit seldom to the original
level observed under natural vegetation. Samaké et al. [2005] mention SOC values
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in unfertilized bush fields in the Malian Dogon between 1.9 (1 year fallow) and
3.4 g kg−1 (7 years fallow), and total N of 0.17 and 0.25 g kg−1. For land under 3–5
years of millet cultivation, SOC values were 1.5 and 0.14 g kg−1. In terms of distance from the homestead, values ranged from 1.0 to 5.5 g kg−1 C and from 0.12 to
0.23 g kg−1 N, when 2000 m vs. 50 m away from the homestead. Bado et al. [1997]
found that 10 years of continuous maize cultivation in West Burkina Faso led to SOC
levels of 1.9 g kg−1 (no fertilizer) and 3.6 g kg−1 (N fertilizer + manure), but fell short
of the initial fertility of 4.5 g kg−1. Corresponding values for N were 0.17, 0.27, and
0.29 g kg−1. Pieri [1989] found annual loss rates of SOC in cultivated fields in Senegal
(3.2%–7.0%), Burkina Faso (1.5%–6.3%), and Chad (0.5%–2.8%).
In Asia, Maskey et al. [2001] show that SOC in Nepal declines upon cultivation.
In the upper 30 cm, uncultivated land in the Central Hills had 12.6 g kg−1, lands
cultivated for <10 years 9.6 g kg−1, and those cultivated for >50 years 6.9 g kg−1. For
the Terai lowlands, bordering India, these values were 7.9, 5.9, and 4.0 g kg−1. The
picture in China is mixed. A countrywide survey of SOC dynamics in trial sites
in China (>1000 observations), monitored between 1985 and 2006, reveals that for
dryland crops, average SOC went up from 10.1 to 10.8 g kg−1, and in paddy rice from
15.7 to 17.4 g kg−1 [Pan et al. 2010]. A long-term experiment in Northeastern China
[1990–2005] shows that N stocks (0–20 cm) under control plots went down from
2625 to 2068 kg ha−1, under N (150 kg ha−1) from 2396 to 2192 kg ha−1, under N +
manure (205 kg ha−1) from 2429 to 2455 kg ha−1, and under NPK from 2577 to 2302
kg ha−1 [Qiang Ma et al. 2010]. In a long-term double cropping (maize, wheat) experiment on the red clays of Southern China, SOC contents under the control treatment
were stable: 8.5 (1991–1998) to 8.7 g kg−1 (1999–2006), and increased under NPK
(300-53-104) from 9.2 to 10.3, and under 60 tons ha−1 pig manure from 10.9 to 14.4
g kg−1. Soil N, however, declined over these periods, apart from the treatments that
included manure [Zhang et al. 2009].
For Brazil, Bustamante et al. [2006] estimate that soils of the Cerrado region have an
average stock of 117 ton C ha−1. Comparing the dynamics of SOC in a long-term experiment in the South of Brazil, Mielniczuk et al. [2003] estimate that no-tillage reduced the
decomposition rate from 3.2% to 1.7% yr−1. In the Cerrado region, Silva et al. [1994] found
SOC to drop by 41% on clayey and by 80% on sandy soils after 5 years of cultivation.
However, Freitas et al. [2000] and Roscoe and Buurman [2003] did not observe changes
in the SOC stocks of a clay soil after 25 years of maize–bean successions with conventional tillage. Lilienfein and Wielcke [2003] report no significant changes in C content of
a Ferralsol Oxisol after 12 years of maize–soybean rotation under conventional tillage.
A recent, extensive review of SOC changes under different land management systems in
the Brazilian savanna is given by Batlle-Bayer et al. [2010].

11.4.3

INTEgRaTED NUTRIENT MaNagEmENT

Implementation of so-called best practices can help sustain and improve SOC levels. Such practices should be directed at increasing inputs of organic matter into
the soil and on decreasing organic matter decomposition. They typically include a
judicious combination of various practices such as organic residue and fallow management, water conservation and management, soil fertility management including
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use of chemical fertilizers, organic manures, and liming, and introduction of agroecologically adapted crop and plant species, including agroforestry [Batjes and
Sombroek 1997; Paustian et al. 1998; Bruce et al. 1999b; Lal 2008]. Nonetheless in
SSA, examples of successful INM in a research environment abound, but the exact
spread of the successes is limited [Gabre-Madhin and Haggblade 2004]. Zougmoré
et al. [2002] show in erosion-prone central Burkina Faso that stone rows alone failed
to completely stop soil fertility decline, but in a later study, Zougmoré et al. [2003]
find that stone rows and Andropogon grass strips together reduced runoff by 59%.
Adding fertilizer N or organic N caused an even stronger reduction of runoff by
67% and 84%, respectively, next to a strongly positive effect on crop yields by fertilizer (65%) or compost and manure (142%). Stone rows alone or grass strips alone
improved water storage but not yields, but the combination of stone rows + compost
was the best treatment giving 2300–2800 kg ha−1. Planting pits (zaï) can turn hardened ironstone plateaus into relatively productive land again while reducing runoff.
Experimentation in Yatenga (central Burkina Faso) gave 200 kg ha−1 sorghum with
pits alone, 700 kg ha−1 with dry dung, 1400 kg ha−1 with mineral fertilizers, and 1700
kg ha−1 with both dung and fertilizers [Reij and Thiombiano 2003]. Microdosing of
fertilizer also holds promise. Twomlow et al. [2010] present a review of 1200 pairedplot trials in Zimbabwe consistently showing that microdosing of 17 kg N ha−1 can
increase grain yields by 30%–50% across a broad spectrum of soil, farmer management, and seasonal climate conditions. In order for a household to make a profit,
farmers need to obtain 4–7 kg of grain for every kg of N applied, but they commonly
obtain 15–45 kg. The benefits of leguminous species in farming systems are widely
known [e.g., Giller 2001; Sanginga and Woomer 2009]. An African reality is that
smallholder farmers tend to spread risks in land management. This can manifest
itself in multiple cropping systems, multistory cropping, or integrated crop–livestock
systems. As to soils, farmers tend to cherish some parts of their fields at the expense
of others, which is also a way to spread drought risks. Samaké et al. [2005] found
that N stocks (0–15 cm) in concentric rings, at 10–200 m from homesteads in the
Malian Dogon were 600 kg ha−1, whereas in the outer rings, 500–2000 m away from
the homesteads, it was only 300 kg ha−1. Similar spatial soil fertility variation-driven
farm nutrient management was found by Prudencio [1993] in Burkina Faso, Elias
et al. [1998] in Ethiopia, Zingore et al. [2007] in Zimbabwe, Ebanyat et al. [2009]
in Uganda, and Vanlauwe et al. [2006] and Tittonell et al. [2008] in West Kenya.
Combination of spatial management with INM technologies lead Giller et al. [2006]
to conclude that spatial patterns of resource use in SSA are consistent across different farming systems. Farmers preferentially allocate manure, mineral fertilizers,
and labor to fields close to the homestead, resulting in strongly negative soil fertility
gradients away from the homestead. Giller et al. [2006] also state that livestock in
SSA farming systems are the central means of concentration of nutrients, which is
confirmed by the NUTMON analysis in Chapter 3.

11.5

WHERE DO WE STAND, WHERE DO WE GO?

The NUTBAL study [Stoorvogel et al. 1993] and its improved version [FAO 2004;
Lesschen et al. 2007] reveal that nutrient balances in SSA have negative values for N,
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P, and K (Table 11.2). This means that, on average, soil fertility on the subcontinent
declines. On top of that, C and nutrient stocks in the soils of SSA are only 60% of
the estimated global average. Comparing the N depletion projection of NUTBAL in
2000 (26 kg ha−1 yr−1) with the Batjes [2001] estimate of African SOC stocks (60,000
kg ha−1) suggests, when taking an approximate C/N ratio of 12, an annual N loss of
0.5% of the total N stocks in soils.
The NUTBAL studies raise awareness of soil fertility problems at a macrolevel (FAO,
research community, donor community), and they show in which regions nutrient depletion is most severe. It is the mesolevel studies, however, that provide clearer options for
national policies, public services, and private sector investment, i.e., through the development of vertical supply chains and establishment of agro-input dealer outposts. The
district examples in Ghana, Kenya, and Mali, for example, show the positive impact of
cash crops on the nutrient flows and balances (Figure 11.6; Tables 11.3 and 11.4).
At the microlevel, NUTBAL was transformed into a farm-level monitoring tool:
NUTMON. The tool has helped to not only better understand differences between
African farming systems and their nutrient stocks and balances, but also increased
insight into farmers’ soil fertility and farm management strategies. Many MSc and
PhD students, inside or outside the African Network for Soil Biology and Fertility
(http://webapp.ciat.cgiar.org/tsbf_institute/africa.htm) have used NUTMON over the
past 20 years [e.g., Vanlauwe et al. 2002; Bationo 2004; Bationo et al. 2007; Sanginga
and Woomer 2009]. The NUTMON studies showed a wide range of N, P, and K balances as well as related net farm income (Table 11.6). Out of 20 projects, 80% have a
negative (full) balance for N, 40% for P, and 70% for K. The visualization of internal
flows shows that, on average, the traffic of nutrients between crops and livestock is
strongly in favor of the latter (Figure 11.9; Table 11.7). Analyzing 57 nutrient balance
studies performed at the microlevel in SSA, Cobo et al. [2010] finds that 75% have a
negative balance for N and K, and 56% for P (Figure 11.11).
NUTMON allows manipulation of soil fertility by integrating INM technologies
such as zaï, use of compost pits, biomass transfers, contour planting, and improving the efficiency within crop-livestock systems. Visualizing internal flows within
the farm systems has been key at the microlevel, whereas this is all inside the black
box at the macrolevel and mesolevel. Many INM technologies are potentially successful, and are known to have been adopted. The further rapid spreading of such
successes should be a key priority. Still, going by analyses of success stories in
African agriculture and natural resource management, more has been achieved on
improved varieties (maize, rice), eradication of diseases (cassava viruses, rinderpest), and improved market opportunities (horticulture, floriculture) than through
INM technologies [Gabre-Madhin and Haggblade 2004]. Successes in the microdosing of fertilizer and improved land management are notable [Reij and Smaling
2008], but there is no major leap ahead yet in fertilizer and manure use, and INM in
general. As periurban systems show positive nutrient balances, even in SSA, it may
be worthwhile to improve agricultural areas that are not too distant from major cities
in such a way that they become breadbaskets, benefiting from fertilizers (IN1), city
waste (IN2), crop rotations that include leguminous species (IN4), conservation tillage (less OUT3 and OUT4 and maintenance of SOC), erosion control (less OUT5),
in relatively large-scale management units.
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NUTMON has meanwhile grown into MONQI, which allows for the inclusion of
producer strategies within a real-world context of priority setting at the farm level,
risk management, reliance on nonfarm income including remittances, realities of
changing market prices, and other policy considerations. Smallholder farmers play
a key role in rural development and various public and private interventions are
in progress to assist smallholders in optimizing farm management (increase productivity and income), in the sustainable use of natural resources (water, pest, and
soil fertility management), in improving market linkages, in diversifying sources of
income, and in reducing risks. The need for actual farm management information
and monitoring change and impacts as well as for generating information to assist
learning and innovation processes in smallholder enterprises will increase and the
relevance for further development of MONQI remains high.
Uncertainties play a large role when estimating balances on the basis of a set
of inputs and outputs. Lesschen et al. [2007] determined the uncertainties in calculating the nutrient balance for Burkina Faso, based on the improved version of
NUTBAL [FAO 2004]. Uncertainty is, of course, not restricted to NUTBAL and
SSA. A special issue of the European Journal of Agronomy [2003, 20] describes
how nutrient balances in different EU countries are used to gain understanding and
input for agricultural and environmental policies and measures. At this advanced
level, a range of shortcomings and uncertainties exist [Öborn et al. 2003]. The development of a mineral bookkeeping system (MINAS) at farm level in the Netherlands,
for example [Hanegraaf and Den Boer 2003], was not deemed solid enough by the
European Commission and had to be replaced by a system of maximum fertilizer
and manure application per unit of agricultural land [Schröder and Neeteson 2008].
Also, the comparison of soil C and nutrient stocks is hampered by uncertainties and
by a lack of information on sampled soil depth and bulk density, which would allow
transformation of data provided on a per soil mass basis to a (preferred) per hectare/volume basis. Batjes [1996], for example, estimated that world SOC stocks are
approximately 700 × 109 ton for the upper 30 cm, but for the upper 1 m, values were
about twice this amount and, for the upper 2 m, even 2400 × 109 ton C was reported.
Overall, opportunities exist for increasing SOC in the soil, thereby also contributing
to atmospheric C mitigation, but these are constrained by the available knowledge
and access to resources; hence, the need for mechanisms that pay for environmental
services [Ringius 2002] such as improved soil C and soil water management.
In Asia, nutrient balances at the national level are estimated to be positive for N,
but negative for K. Field studies confirm these findings. Reasons include the much
higher and often subsidized use of (N and P) fertilizers in Asia and the relatively
large percentage of nutrient-balanced irrigated systems. This review also shows
that in China and India, average nutrient balances are positive for N and P [Sun
et al. 2008; Pathak et al. 2010]. Under conservation agriculture in Latin America,
nutrient balances can also remain relatively neutral. In SSA, the examples given in
Chapter 4 show that conversion of forest leads to massive nutrient losses, whereas
continuous cultivation only keeps SOC, at best, at 75% of its original value under
high applications of fertilizers and manure. Asia and Latin America have two more
advantages over SSA. In Asia, production per unit land has increased largely as a
result of improved rice production methods (breeding, mechanization, pest control,
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and irrigation). In parts of Latin America, farms are often so large that production
per unit labor can be maximized through large-scale mechanization and using other
economies of scale. However, it is feared that the smallholders’ systems in mountain
areas of the Andes and Central America experience strongly negative balances similar to Africa, although inherent soil fertility is higher on average.
Trials in rice-based systems in Asia also show that (too) large applications of N
have two negative externalities, i.e., a small percentage of the N in urea is actually
taken up by the crop, whereas the remainder stays in the soil or is lost as OUT3 or
OUT4, and the withdrawal of soil K and other nutrients will be much larger than
in a situation where little urea is applied. Also, soils with high N but low P and K
stocks may have quite negative N balances. Application of N fertilizers will then
not be a sensible option until the soil N, P, and K ratio is more in balance with cropuptake ratios. Hence, a nutrient balance close to zero is preferred, but the road toward
achieving that can be different and relates to a target or ideal soil fertility [Janssen
and De Willigen 2006].
Finally, although awareness of nutrient balances has increased among agricultural scientists, the subject still features marginally in most debates about sustainable agricultural development. As a result, the great missing link between scientific
nutrient balance assessments and agricultural policy remains unaddressed. Few
countries, particularly in SSA, have developed comprehensive policies, including
subsidies, credit, and marketing, to promote increased fertilizer use and INM. This
remains of serious concern in view of even the most optimistic projections of nutrient needs to feed the world population in 2050. Initiatives such as the release of,
and active participation of, key partners in the Web site and discussion platform
on www.africafertilizer.org are highly necessary. Also, a next generation of fertilizers is in the making through the IFDC-triggered Virtual Fertilizer Research
Center, aimed at tailoring type and amount of fertilizer to soil characteristics and
crop needs so as to maximize fertilizer use efficiency and value–cost ratios. Welltrained agro-input dealers can play a key role in acceptance of fertilizers, also by
women and first-time users. This is testified to by much of the work IFDC and
TSBF-CIAT have done in SSA. Banking on fertilizers alone is, however, not the
way ahead for resource-poor farmers. Not only can the price be prohibitive, the
way it is offered on the market (in 50-kg bags), substandard product quality, and
the risk of late availability during the growing season make resource-poor farmers
look for broader INM options. The entire manipulation, including the components
offered in the NUTMON toolbox, is geared at realizing high OUT1 at higher and
more efficient use of inputs and the clever management of internal flows. This
approach addresses the increased productivity, efficiency, and recycling spelled
out in Chapter 1, and includes the add, save, and recycle components of INM introduced in Chapter 3.
Nonetheless, a concerted effort is required to raise the visibility of soil nutrients
as an essential ingredient in sustainable agriculture. Little political action has been
taken so far, apart from pledging support during the 2006 Africa Fertilizer Summit,
where it was agreed to raise fertilizer use in SSA to 50 kg ha−1 (from the current <10
kg ha−1). Under NEPAD, African governments also promised to spend 10% of GDP
on agriculture. These promises still largely have yet to be implemented.
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More than 20 years of work on nutrient balances in Africa demonstrate clearly the
importance of managing the entire nutrient balance, i.e., all the inputs and outputs
and not just the partial management of single nutrients or partial nutrient losses such
as erosion, or additions such as fertilizer. This is not rocket science and could benefit
the African people in an immediate way.
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