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Deforestation of headwaters



Deforestation on steep shallow soils



Cultivation of headwaters of first order streams



Overgrazing of soils prone to hard-setting



Gully erosion and badland development



Deep gully erosion



Cultivation of wetlands, riverine buffer strips



Deterioration of terminal wetlands and 
channelization of rivers



Impacts of soil erosion on water quality

River Nyando
pluming silt into 
Lake Victoria

Satellite image shows sediment 
plume (blue, green, red) flowing 
into Lake Victoria (yellow)



Water hycacinth in Kisumu harbour



1. Enabling large-area diagnosis of land 
degradation and soil constraints to plant 
growth

2. Providing on-farm diagnostic support to 
smallholder farmers

3. Enhancing diagnostic services of 
agricultural laboratories

Infrared Spectroscopy for 
Diagnostic Testing of Soil, Plant & 

Livestock Health



A Framework for 
Large-area 
Surveillance of 
Soil Degradation

Identify degradation 

problem

Develop case 
defintition

Develop 

screening test(s)

Measure prevalence 

(no. cases/area)

Measure incidence 
(no. cases/area/time)

Confirm risk factors

Measure 

environmental 
correlates

Differentiate risk 
factors

���� NIRS for rapid 
screening tests 
for soil quality



So il spectral signatures
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Land Degradation Surveillance – nested sampling



Reflectance Spectroscopy for Rapid Soil Characterization



Soil spectral signatures
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Kenya soils

Cross-validated predictions

Organic C (%)

R2 = 0.93
Bias = 0.009
RMSE = 0.63
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R2 = 0.93
Bias = 0.21
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0.730.88Fe.dith

0.840.95Inorg C

0.810.85SOC

0.710.90CEC.NH4

0.740.97Clay

Validation r2Calibration r2Soil property

NRCS Global Soils Library

4184 independent samples selected to sample diversi ty in 55,962 samples 
(A, B and C horizons); includes 416 samples from 36  countries outside US

70% samples used for training, 30% for validation

Brown, Shepherd, Walsh Geoderma (in press)

Boosted regression trees outperformed traditional c alibration algorithms



Kisumu

Kericho

Mbita

Winam Gulf

Homa Bay

Kisii

River Nyando Basin, Western Kenya/Lake Victoria
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The “Spectral Erosion Deposition Index”
(SEDI)
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Cesium-137 inventories of eroded, intact and
depositional soils in the Nyando River Basin



Sink Slow Fast

Nyando River Basin Erosion Risk Map



Sediment budget, Nyando River Basin 
(1963 – 2000)

 Average Range* 

Eroded soils :   
Erosion rate (Mg ha-1 yr-1) 40.6 22.3 – 69.5 
% of samples 35.8 32.3 – 38.4 

Depositional soils :   

Accretion rate (Mg ha-1 yr-1) 33.7 22.1 – 58.4 
% of samples 17.8 15.3 – 20.3 

Net erosion rate (Mg ha -1 yr -1) 8.54 3.81 – 27.5 

Total soil loss (Mg ´  106 yr -1) 3.17 1.36 – 9.86 

Sediment delivery ratio (%) 21.0 8.43 – 39.5 

* based on 50 simulation runs with 5000 Monte-Carlo draws each. 
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Extractable P (Olsen)

Topsoil nutrient reserves in relation to erosion phase



Expected Phosphorus Distribution, Nyando River Basin
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Infiltration rates in relation to SEDI 
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Maize growth curves in relation to SEDI
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Landsat time series; Segou, Mali
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BoxPlot -  NDVI 1981 - 2004
NDVI 1984 (every 14 days)
NDVI 1999 (every 14 days)



Soil degradation in Mali 
Parklands



Diagnosing soil, crop, and livestock health

• Soil quality, constraints

• Within farm variation vs farmer indicators; monitori ng

• Screening of specific soil constraints (lime requir ement; high 
P sorption)

• Crop nutrition

• Tissue testing; evidence-based crop response

• Germplasm screening; grain quality, pest/disease res istance

• Manure/compost/organic resource quality

• N, decomposition class

• Livestock nutrition/health

• Fodder quality (DM, ADF, NDF, Protein)

• Faecal analysis (diet quality, feed intake, growth r ate, 
pregnancy, tick infestation, intestinal parasite bu rden)



Fourier transform NIR

Basis for network of 
labs in Africa

Highly stable

Self-serviceable

Versatile – soils, 
plant materials, 
liquids

Partnership with 
Bruker & Central 
Labs UK



High throughput mid-infrared analysis

• Optimizes diffuse reflectance

• Sealed and desiccated

• Stable across instruments

• MIR and NIR in one pass

• High throughput

High through-put screening
HTS-XT

Robotic stacker

FT-IR Spectrometer



Infrared DiagnosticsInfrared Diagnostics

Supporting the African Green Supporting the African Green 
RevolutionRevolution

Google: Sensing Soil Quality

www.worldagroforestry.org/sensingsoil/


