Soil Fertility Data for Western Kenya Integrated Ecosystem Management Project
Methods

Wet chemistry data was compiled for all samples from Western Kenya that have been analysed in the ICRAF laboratory for the following wet chemistry variables:

Soil organic carbon (SOC, %)

pH (water) (pH, units)

Exchnageable Ca (ExCa, cmolc kg-1)

Exchangeable Mg (ExMg, cmolc kg-1)

Exchangeable K (ExK, mg kg-1)

Extractable P (ExP, mg kg-1)

Particle size (Sand, Clay; mg kg-1)

Methods are as reported in:

Shepherd KD and Walsh MG. 2002. Development of reflectance spectral libraries for characterization of soil properties. Soil Science Society of America Journal 66:988-998.
A total of 2115 samples with complete data were identified. The wet chemistry variables were transformed as appropriate to give a normal distribution. Natural logarithm transformation was used for SOC, ExCa, ExMg, ExK, and ExP. Sand and Clay needed no transformation. Principal components analysis was done on the transformed variables after standardisation.

The principal components analysis revealed three main orthogonal components that explained most (80%) of the variation in the data. The first component (43% of the total variation) was associated with the soil chemical fertility variables: pH, ExCa, ExMg, ExK, ExP. The second component (25% of the variance) was strongly associated with particle size distribution (Sand, r2 = 0.64). The third component was strongly associated with SOC (12% of variance; r2 = 0.62).

Since each of these three components represent three important functional dimensions of soil properties, they were selected for prediction using diffuse near infrared reflectance spectroscopy. The first principal component was termed Soil Fertility Indicator 1 (SF1). The advantage of synthesizing several soil fertility variables into one indicator, apart from simplicity, is the inter-correlation among the variables is utilized to provide more robust predictions than if the are treated individually. SOC was taken in its own right as it is widely used as a soil quality indicator. Since most of the variation in particle size was between sand and clay, and the distinction between silt and clay fractions in tropical soils is arbitrary due to micro-aggregation, sand content was taken to represent the main variation in particle size distribution. 

SF1, Sand and SOC were calibrated to near infrared spectra using Treenet regression as reported in: Brown D, Shepherd KD, Walsh MG. 2006. Global soil characterization using a VNIR diffuse reflectance library and boosted regression trees. Geoderma 132:273–290. Spectra were acquired on a Bruker Fourier-Transform infrared spectrometer (Multipurpose Analyser; MPA) and pre-processed using a Savitsy-Golay first derivative transform with 17 smoothing points. There were 1014 samples for which spectra were available.

Results

Interpretation of SF1

The plots below show the relationship between the soil chemical fertility variables and the soil fertility indicator SF1 (x-axis).
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The table below gives a guide on how to interpret SF1. The values are in normal units for ease of interpretation.

	SF1
	ExCa
	ExMg
	ExK
	ExP
	pH

	-4
	1.1
	0.4
	0.06
	0.8
	4.7

	-2
	2.6
	0.8
	0.13
	1.7
	5.3

	0
	6.2
	1.8
	0.31
	3.5
	5.9

	2
	15.0
	4.1
	0.72
	7.6
	6.7

	4
	35.9
	9.1
	1.68
	16.1
	7.5


· When SF1 values fall below zero (go negative) there is increasingly low fertility and as SF1 values go greater than 0 there is increasing high soil fertility.

· SF1 values below zero indicate low base status (ExCa <6 cmolc kg-1; ExMg <1.8 cmolc kg-1) and critically low available P levels (<3.5 mg kg-1).

· When SF1 falls below values of -2 there is high risk of strong soil acidity (pH <5.3) and K deficiency (ExK <0.13 cmolc kg-1).

· When SF1 falls below a value of 2, available phosphorus becomes deficient for maize production (ExP < 7 mg kg-1). Despite the fact the r-squared value is not high on the Exp vs SF1 plot, based on the data there is 84% probability of P deficiency when SF1 is less than 2.

The SF1 index is expected to hold for future project samples from other blocks as it includes samples from the major soil types in the project area.

Treenet regressions

SF1, LnSOC and Sand content calibrations to near infrared reflectance using Treenet yielded good calibrations. The range of samples for which spectra were available spanned the range of the wet chemistry data set. The stability of the calibrations was reasonable considering that the soil chemical data have been analysed in different batches at different times over several years. The plots below are actual versus predicted values for the calibrations. Hold out validation r-squared values were SF1, 0.73; LnSOC, 0.67; Sand, 0.72. However, the wet chemistry data is noisy and no sample outliers were excluded. It is typical for soil chemistry laboratories that 5-10% of data are outliers even within the same batch. Treenet regression is not sensitive to outliers and so the calibration lines will be robust.
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Predictions for Nyando block

Predictions for SF1, SOC and Sand have been included in the Nyando database. The Nyando spectra belonged to the same population as the calibration data set, confirmed by the fact that 93% of the samples were classified as belonging to the western Kenya spectral library, using a 5% significance level. (As a guide, when the original calibration library is projected into its own principal component space 5% of samples, were outliers, whereas 7% of the Nyando samples were outliers). A variable has been added to the database indicating spectral outliers (0 = member; 1 = outlier). Results for samples indicated as outliers, may be treated with caution.

The ranges in predicted values for Nyando were: SF1, -1.0 to 3.5; SOC, 0.2 to 5.3%; sand, 20 to 66%. The prevalence of sample with SF1 less than 2.0, indicating P-deficiency for maize production, had a prevalence of 40%. The prevalence of sample with SF1 less than 0, indicating critically low soil fertility levels, was only 5%, reflecting the high fertility status of the alluvial soils on the Nyando floodplain. Physical constraints as indicated by the field data are likely to be dominant.
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