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Bio-physical data layers are used to 
run process-based crop models

MANAGEMENT
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 Productivity

 Nutrient balances

 Water balance

 Soil organic carbon
 SOIL HEALTH 
(or SOIL QUALITY) 

INDICATOR

CROP MODEL SIMULATES
A LOT MORE THAN YIELDS

Continued capacity of soil to function as 
a vital living ecosystem that sustains 
plants, animals, and humans 

USDA-Natural Resources Conservation Service

YIELD LEVELS (esp. low-input)
YIELD VARIABILITY (esp. water stress)
YIELD RESPONSES to interventions



WHAT 
HEALTHY SOIL DOES

 Tighten soil nutrient cycles

 Increase nutrient and 
water use efficiency

 Suppress diseases and 
pests, including weeds

 Resist degradation

 Buffer environmental 
constraints

 Produce healthy plants, 
people and animals

Illustration from National Geographic



How important is Soil?





WHERE ARE THE HEALTHY SOILS, AND WHAT ARE THEIR 
YIELD IMPACTS? IT’S COMPLICATED.

ISRIC - Soil property maps of Africa at 1 km

SOC at top 5 cm (‰)

SOIL PROPERTY MAP: SOC

 Interpolated, static surface using observations. 
 Great resource for initializing models and understanding the representative soil characteristics.
 Does not necessarily represent the soil health status in farmers’ fields (dynamic process, depending on 

the current/historic management practices, as much as the chemical properties).

OUR APPROACH for SIMULATING 
YIELDS in FARMERS’ FIELDS with 
(MODELED) SOIL FERTILITY

1. Use the soil property maps to set initial 
conditions

2. Model soil quality degradation under 
low-input monoculture scenario.

3. Simulate yield responses over time, on 
the initial and degraded soil properties.



FERTILIZER POLICY OPTIONS in EAST AFRICA and 
THEIR IMPACTS on FERTILIZER PROFITABILITY

AGRA requested IFPRI an impact 
assessment study of:

1. Reducing the landed cost of 
fertilizer through collective bulk 
purchasing.

2. Reducing transport costs through 
improved road and related 
transportation infrastructure.

3. Reduced transactions costs through 
improved harmonization and 
streamlining of border 
crossing/customs procedures.

plus, SOIL FERTILITY IMPLICATIONS?
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LOCATION & 
PRODUCTION 
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Fertilizer Delivery Cost Maize Transport Cost Maize Farm-gate Price



ESTIMATING VALUE COST RATIOS (VCRS)

“Fertilizer markets have failed in Africa”

 Scattered and small size of local market

 Weak demand for use with food staple crops

 High transportation cost – poor road and rail 
infrastructure, particularly in landlocked countries 

 Low profitability

Value-Cost Ratio (VCR)

 N = fertilizer application rate (kg/ha)
 y(N) = maize yield with fertilizer at N rate (t/ha)
 y(N) = y(N) – y(0) (t/ha)

“…IFDC suggests VCR>2 to accommodate price and climatic risks and still 
provide an incentive to farmers”

World Bank ARD Note
Issue 21 (2007)
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CONCLUDING REMARKS

 Soil carbon is key indicator to understand the 
various aspects of crop productivity, especially 
under low-input systems. 

 Good understanding of soil carbon content in 
the field can explain the yield level, yield 
variability, and yield responses to 
interventions.



CONCLUDING REMARKS

 However, use of static soil carbon data may 
potentially be misleading. Soil carbon content 
is highly dependent on farmers’ management 
practices and dynamic in nature; static soil 
property maps may not adequately inform the 
actual soil quality status.

 Process-based modeling framework, whose 
initial conditions to be set with soil property 
databases, can dynamically simulate the 
dynamics of soil carbon changes and its effects 
on crop growth and yields.



CONCLUDING REMARKS

 As shown in the profitability study example, 
single assumption of soil fertility in a given 
location can potentially mislead the impact of 
intervention.

 To take into account the heterogeneity of soil 
fertility in farmers’ fields, model-estimated 
crop yield responses under various scenarios 
may need to be disaggregated based on soil 
fertility classes.


