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Context

e Soil comes to the global agenda
— Sustainable intensification took soil as a x-cutting

— Global Environmental Benefits - land degradation and soils are
among the priority global benefits (GEF/UNCCD)

— Soil information is the weakest link in agriculture and many
other sectors (Dobermann 2013)

* Increasing demand for soil data at fine spatial resolution

— High spatial variability in soil properties- large data sets needed
to reduce uncertainty

— Soil monitoring is expensive to maintain
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Land health surveillance

* Land health surveillance is the ongoing, systematic collection, analysis, &
interpretation of data essential to the planning, implementation and
evaluation of land management policy and practice, and application of
these data to promote, protect, and restore land and ecosystem health.

Agricultural Systems 132 (2015) 93-106

Contents lists available at ScienceDirect

Agricultural Systems

journal homepage: www.elsevier.com/locate/agsy LA N D H EA LT H
Land health surveillance and response: A framework for an Evidence-based Approach to
evidence-informed land management Land Ecosystem Management
Keith D. Shepherd **, Gemma Shepherd b Markus G. Walsh ¢ Illustrated with a Case Study in the West Africa Sahel

Tells us:
* Where land problems exist
* Whom and what they affect

* Where programmatic and prevention
activities should be directed

* How well they are working htto://www.unep.org/dewa/Portals/67/
www.worldagroforestry.org P df/LHS;?enort_lowdf
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All you need for soil and plant analysis

Mid-infrared spectrometer

¢ 3

D

Solar power box
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Spectral shape relates to basic soil properties

-
Raw spectra

* Mineral composition

* Iron oxides

* Organic matter

Water (hydration, hygroscopic,
free)

Carbonates

Soluble salts

* Particle size distribution

Absorbance

W me wmowow o | =3y Fynctional properties

Wavenumbers cm
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On-line Spectral Prediction Engine
Bayesian Additive Regression Trees
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HHXRF counts atoms
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HHXRF Calibration — plants
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Laser diffraction particle
size analysis
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Laser diffraction particle size analysis

Topsoils dispersed in water Topsoils dispersed in water & ultra-sonified 4 min

Analysis by
Markus Walsh
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Best predictors of yield and yield response

AfSIS yield response trials, 3 sentinel
sites in Malawi and Tanzania; 41
fields, 2 seasons (Kihara et al): o

* MIR predicted 70% of variation in
maize control yields and 63% of
response to P

* Yield and yield responses to NPK
correlated with soil total C, N and pH

W
o
=

Maize biomass (cubic cm)
N

Extractable nutrients vs soil buffer .
capacity /
MIR gives mineralogy, P sorption, 00 0 o s

. . . logTC
organic P, intermediate K pools Maize biovolume vs soil carbon

No other soil properties
significant (Ichami et al)
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Calibrating crop response to soil tests

print

380 P Treatment Series
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Soil test calibration:

80% Relative Yield: 16.0 (14.0 - 18.0) Correlation R: 0.4 Slope RY(50-80): 3.7 (2.8 - 4.6)
90% Relative Yield: 22.0 (19.0 - 25.0) Regression equation: x = g(%-218(arcsin(sari(y/100))) + 0.30864)
95% Relative Yield: 27.0 (23.0 - 31.0) 70% confidence limit at 90% Relative Yield: 22.0 (20.0 - 23.0)
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Plant Environment Facility

Plant growth bioassays in test tubes for high throughput diagnosis of
soil macro and micronutrient deficiencies.
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Soil carbon measurement planning tool
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Measurement and Monitoring
Soil Carbon

Why measure soil carbon?
What will the protocol deliver?
How much will it cost?
Sampling

Field work

Lab work

Data analysis

Present and use of the results

Glossary

Google Search

V]

www.worldagroforestry.org

Home About us Calculator About CO, Publications and Links Contacts

A Protocol for Measurement and Monitoring Soil Carbon Stocks in Tropical Landscapes

This protocol has been developed over a number of years through various projects and is currently being refined in
the context of the Africa Soils Information Service (AfSIS: www.africasoils.net ), funded by the Bill & Melinda Gates
Foundation and the Alliance for a Green Revolution in Africa (AGRA), and the Carbon Benefits Project: Modeling,
Measurement and Monitoring, funded by the Global Environment Facility (GEF) of the United Nations Environment
Program (UNEP).

This document was developed through a grant to the World Wildlife Fund from the Global Environment Facility and
implemented by the United Nations Environment Program
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Land Health Projects In Africa

//1 & e

\/

We support 27 spectral instruments across 10
countries across Africa

Land health data from more than 100 sentinel
sites across Africa

@ Infrared labs (11 labs, 10 countries) K\ e.]
+ AfSIS-1 (60 sentinel sites, 19 countries) \ !

= Other projects (34 sentinel sites, 8 countries]\:,
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Land health projects: National scale

From AfSIS to EthioSIS
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(Walsh, 2013)
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Living Standards Measurement Study-LSMS-IMS

Improve measurements of agricultural productivity
through methodological validation and research THE WORLD BANK

Working for a World Free of Poverty

ET?” LSMS-ISA

Intagrated Surveys
on Agriculture

L.SMSa0

Living Standards Measurement Study

oS

!
J:t Addis®Abeba’

Mobile phones for quick soil screening- being tested Improving Ag. statistics:
Jeff Herrick (USDA-ARS) World Statistics Congress 2015
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Evidence-based micronutrient management

Healthy Healthy  Healthy Healthy
soils Crops livestock people
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Trees for food security

Characterize land health constraints and assessing Agroforestry intervention outcomes

Rwanda

Ethiopia
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Purpose of mgasurement GNP~
Improve decisions!

* Information has no value unless it has the potential to change
a decision (Ron Howard)

* Purpose of measurement is to reduce decision uncertainty

* Measurements = observations that quantitatively reduce
uncertainty (Doug Hubbard)

* Making sense out of measurements:

— Know the decision we are trying to make

— Know the current state of uncertainty (our priors) — model the decision
uncertainties

— Measure where it matters and only enough to make a sound decision

www.worldagroforestry.org
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Stochastic Impact Evaluation

* [dentify the decision
* Model the uncertainties with stakeholders, experts

* Measure where it matters and only enough to
Improve intervention decision

* Monitor, evaluate, adjust, update

» Applied Information Economics (Hubbard, 2014)
* Decision Analysis
« Complex systems management

www.worldagroforestry.org
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Decision case — Groundwater supply to Waijir town

Net present value (million USD)
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Distribution quantiles (%)
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Different distributions of costs and benefits for different stakeholder groups —
revealed large implementation risks — led to project rethink and redesign
(Luedeling, de Leeuw, et al. Frontier in Environmental Science (in press))
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Finally...

* More research on cost-effective measurement tools

e Decision before measurement?

* Develop national capacities, networking and partnership
— web services are needed

* Baselines are established for important soil properties across
Africa

* Soil spectroscopy filling the data gaps- at National, Regional &
Global levels

* Enable decision makers have clear understanding of soil

status and trends (digital soil mapping)
" Global Change Biology

Global Change Biology (2014), doi: 10.1111/gcb.12632

EDITORIAL COMMENTARY

Soil spectroscopy: an opportunity to be seized
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