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Land Degradation, Ecosystem Services, Land Health,

Soil Health, and Agricultural Production are inextricably linked
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Systematic assessments for cross-site analysis
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Objectives

* To illustrate the use of a systematic sampling
framework to multi-level modeling for cross-site/
cross-country analysis

* To assess the linkages between inherent soil
properties, land cover typologies and soil health

* To explore the LDSF data from five SL
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Soil provides multiple ecosystem services:
medium for plant and ag production;

filter for toxins;

e r'egulating hYd I’Ologic CYCIQ (Millennium EcoSystem Assessment, 2005)
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Plant-soil relationships that determine the distribution of _ |

ound vegetation




Factors of Soil Formation
Climate, organisms, relief, parent material, time....
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Influence of Soil Forming Factors on
Inherent Soil Properties

* Parent material - >
soil texture (% clay),
total elemental
composition

* Climate - > degree
of weathering and
available nutrients

Forming inherent constraint envelopes for the soil (e.g.,
capacity to store and exchange cations (nutrients)




Influence of Organisms (Land Cover/Land Us

Dynamlc Yell Propertles

| Land use can influence soil health
but inherent soil properties

' determine the magnitude of these
| effects.
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@) () - S JoF Field Form va 24

[ Site: ate (ddmmyy): Latitude (DD):
Cluster: Photo ID: Longitude (DD): Count
Plot: Elevation (m): Pos error (m): Name:
Slope Up ¢ Slope Down °:
Majordlindform: ° Level 9 Sloping B Steep 9 Composite
* Land cover and land- oo oot o
Upland O Ridge/Crest P Midslope B Footslope 0 Bottomland

Landform designation:
=]

use histo ry

Dissected plain Major depression

a a
? Medium gradient hill - High gradient mountain " Narrow plateau
? Medium gradient escarpment 8 High gradient hill ® Plain
® M M M " Ridges 8 High gradient escarpment " Low gradient mountain
O P Og rap I C P O S Itl O n ®  Mountainous highland ? valley ®  Low gradient hill
Plot bare? B Yes T No
° Plot regularly flooded? 2 Yes ? No
o rl I I l a ry u S e Plot cultivated? " Yes " No
" Vegetation types: ' Woody leaf types: ' Vegetation structure*:
PY Trees B Yes ? No Broadleaf B Yes ® No
O O y ea ty P e S Shrubs 9 Yes 7 No Needleleaf % Yes % No
Graminolds 2 Yes 7 No Allophytic % Yes 7 No
Forbs ? Yes ® No Evergreen  Yes 7 No Other description:
[ ) La n dfo rm Other " Yes " No Deciduous " Yes " No
* Forest, Woodland, Bushland, Thicket, Shrubland, Grassland, Wooded grassland, Cropland, Mangrove, Freshwater aquatic, Halophytic, Other
Herb height (m): ® 0.8-3.0(m) “ 0.3-3.0(m) “ 0.3-0.8(m) “ 0.03-0.3(m) Herbaceousanual: ® Yes © No
o S I O P e Same landuse since 1990: ° Yes " No  Land ownership: " Private " Communal " Government " Don’tKnow
) Primary current use: Soil and water conservation: : 0 1 2 3 Impacton habitat:
Y V t t. t t Food/Beverage O Yes B No Number:__ o None B8 B B mpact of tree cutting
ege a IO n S ru C u re Timber/fuelwood ? Yes ° No Y Vegetative B8 B B mpact of agriculture
rage: ® Yes 7 No ®  Structural BB B B Impact of grazing/browsing
° O r . Yes e No Other: oooao Impact of fire
o I m act O n h a b Itat o . Co ' B 8 B B mpact of urban activities
P VegeWgtion strata description: 8 8 8 8 oact ofindustry
9 8 8 B mpact of erosion
o0 0 0 mpatof alien veggifftion
8.8 8 B mpact of firewg#d collection
g 8 8 0 Other:
=]
Describe land cover/ us ory:
SUB-PLOT (100 m?) 1 2 3 a
Rock/stone, Gravel cover (%) B <59 540" >40 | % <57 540" >40 |7 <57 540°% 40 | % <57 5407 >40
Visible erosion O None B Sheet O None B  Sheet O None B Sheet O None O Sheet
o Ril B Gully/Mass o Rill 0 Gully/Mass o Rill o Gully/Mass o Rill o Gully/Mass
Woody Cover rating (%) B Absent B 15-40 B Absent B 15-40 B Absent B 15-40 B Absent B 15-40
0 o<q B 40-65 0 <4 B 40-65 B <4 0 40-65 B <4 0 40-65
o415 7 ses o415 % ses o415 7 ses P o415 " ses
Herbaceous Cover rating (%) O Absent B 15-40 B Absent B 15-40 O Absent O 15-40 O Absent O 15-40
o <4 B 40-65 0 <4 9 40-65 o <a B 40-65 B < B 40-65
o415 7 ses o415 7 ses o415 7 ses o415 7 ses
Auger depth restriction (cm)
cm cm cm cm
Topsoil Length: *Texture: Length: *Texture: Length: *Texture: Length: *Texture:
ribbon length Texture:(*Gritty/
(mm) Smooth/ Neither
mm mm mm mm
Subsoil Length: *Texture: Length: *Texture: Length: *Texture: Length: *Texture:
ribbon length Texture:(*Gritty/
(mm) Smooth/ Neither)
mm mm mm mm
Notes:




Subplot observations

Tree and shrub

densities
Woody cove
Herbaceous
rating

Erosion preval
Root depth re

Composite so
(320 per site) (0
and 20-50 cm

en@ @abases and data entry screens have been developed fmﬁ&régpmgp}%gegmlaﬂ'} ShRh RS bl

for direct data entry in the field. The data entered is uploaded to the central database in Nairobi, Kenya, after the

PLOT (1,000 m?)

Site:
Cluster:
Plot:

Slope Up °:

Major landform: ©

Forbs -~ Yes

Level

Position on topographic sequence:

No

Date (ddmmyy):
Photo ID:
Elevation (m):

Slope Down °:

Sloping

0 Midslope

O oooao

' Woody leaf types:
Broadleaf
Needle leaf
Allophytic
Evergreen
Deciduous
nd, Grassland, Wooded grassland, Cropland, Mangrove, Freshwater aquatic, Halophytic, Other

Latitude (DD):
Longitude (DD):
Pos error (m):

[=] a

Steep Composite

o o

Footslope Bottomland

Dlssecteaagfam

High gradient mountain
High gradient hill

High gradient escarpment
Valley

Yes % No
9 Yes © No
% Yes 7 No
E Yes E No
Yes No

O oooao

LDSF Field Form v4 2013

Country:
Name:

Major depression
Narrow plateau

Plain

Low gradient mountain
Low gradient hill

' Vegetation structure*:

Other description:

comi-etlor)ofa surwey. These systems increase efficiency and reduce pU@fklbﬁéﬂhﬁ('ﬂ)the dAB3PdM procls33.0(m) © 03-0.8(m) © 0.03-03(m) Herbaceousanual: ® Yes = No
ricrions e 1990 Yes ®  No Land ownership: © Private Communal Government Don’t Know
berTracker e Sentinel Site 1D conservation: 0 1 2 3 Impacton habitat:
fy I o Enter Site Name [or first 4 letters) O None oo oo Impact of tree cutting
I P e S : Tap to Edit E Vegetative PP B mpact of agriculture
The CyberTracke (htep://www.cybertracker. i Structural BB B B mpact of grazing/browsing
a free and CH:ICICH{ method Sub-plot -- Topsoil Field Texture @ o oano Impact of fire
t1 nfald can be used on NAME Sub-plot 8 8 8 B Impact of urban activities
=] o =] o .
artphones or and mputers. 1 2 3 4 A Impact of industry
START LOGGING Sail ibban (lenath in o) Impact of erosion
. o Nane Nane Nane Mane 0 8 0 0 mpatofalien vegetation
CyberTracker is primarily a data capture tool, Bl Bl Bl Bl B @ 8 8 jmoact of firewood collection
but also has some basic GIS functionality. It was <25 <25 <25 <25 O 0 0 0 GOiher
originally developed to record wildlife movement 25-90 ||25-50 ||25-50 ||25-50
in the Central African rain forest. We developed > 50 > 50 > 50 > 50
a CyberTracker application for LSDF field data Gritty Gritty Gritty Gritty
— Smooth | [Smooth | |Smooth | |Smooth
enuy.. ~
; g b ey Neither Neither Neither Meither
2 3 i
! 5409 540 |7 <57 540°% >40 9 <58 S5 >40
Visible erosion O None B Sheet O None B  Sheet O None B Sheet O None B Shee
o Ril B Gully/Mass | B Rill 0 Gully/Mass | O Rill 0 Gully/Mass | B Rill o Gully/
Woody Cover rating (%) B Absent B 15-40 B Absent B 15-40 B Absent B 15-40 B Absent B 15-40
E <4 B 40-65 E <4 B 40-65 g <4 0 40-65 E <4 0 40-65
415 7 65 415 7 >65 415 7 >6s 415 7 s65
Herbaceous Cover rating (%) O Absent B 15-40 B Absent B 15-40 O Absent O 15-40 O Absent O 15-40
E <4 B 40-65 E <4 E 40-65 g <4 B 40-65 E <4 B 40-65
415 7 >65 4-15 > 65 415 7 >65 415 7 565
Auger depth restriction (cm)
cm cm C
Topsoil Length: *Texture: Length: *Texture: Length: *Texture: Length: *Texture:
ribbon length Texture:(*Gritty/
(mm) Smooth/ Neither
mm mm mm mm
bsoil Length: *Texture: Length: *Texture: Length: *Texture: Length: *Tafflre
h ength Texture:(*Gritty/
Smooth/ Neither)
mm mm mm m




LDSF Database-FileMaker mirrored in MSQL

Yos

Yes

Yos




Sampling a Landscape-WGSL

i

Kuppady
LDSF Site
Land Cover Classes

Vegetation

- Agricultural

- Agricultural/other land use

B cotree
Coffee + Orchards

D Drey deciduous forests

D Dry evergreen and semi - evergreen chimax forests

D Dry evergroen or semi - evergroen forests

D Fucalyptus
[:j Grassland
D Miscellaneous

:] Moist deciduous forests

D Mantane Formations (> 1800m)

[: Other degraded stages

D Secondary or degraded stages; (semi-jevergreen

E:] Socondary or degraded srages; secondary mosst decid. forests

- Tea
- Water Tanks

- Wet evergreen or sem) - evergreen climax forests

100 0 100 km
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Sampling a Landscae-WGSL

® Madiker

( Vegetation

- Agricultural

Collee
D Coffee + Orchards
D Dry deciduous forests

D Fucalyptus

C] Grassland

[: Miscellaneous

:J Moist deciduous forests

D Other degraded stages

- Water Tanks

100 0

- Agricultural/other land use

Madikeri
LDSF Site
Land Cover Classes

D Dry evergreen and semi - evergreen climax forests

[:] Dry evergroen or semi - evergroen forests

:] Montane Formations (> 1800m)

D Secondary or degraded stages. (semi-jevergreen

D Socondary or degraded stages; secondary mosst decid. forests

; - Wet evergreen or semi - evergreen climax forests

100 km
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Sampling a Landscape-WGSL

Nilgris
LDSF Site
Land Cover Classes

Legend

® Nigiris

Vegetation

- Agricultural

- Agriculturalfother land use
- Coffes

D Coffee + Orchards

D Dry deciduous forests

[:] Dry evergreen and semi - evergreen climax forests

D Dry evergresn of semi = evergreen forests

D Cucalypmtus
‘ D Crasstand
|> l Miscellansous

D Moist deciduous forests
[:] Montane Formations (> 1800m)

D her degraded stages
D Secondary or degraded stages, (semi-)jevergreen

D Secondary or degraded stages, secondary manst decid. forests
- Water Tanks

- Wet evergreen or semi - evergreen climax forests

100 0 100 km
L ——
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Assessing Soil Carbon Storage as Potential Climate
Change Mitigation Strategy

* Soil organic carbon is an indicator
of soil health

* Contrasting sites in Tanzania,
Ethiopia and Kenya to
demonstrate utility of method:
SOC stocks to 30 cm

* To understand landscape patterns
of SOC stocks

_’z

SOC stech (hg »

= * lTo target areas for SOC

strategies
Vagen and Winowiecki, 2013. Mapping of SOC stocks
for spatially explicit assessments of climate change
mitigation potential. Environmental Research Letters. 8




Assessing Soil Carbon Storage as Potential Climate

Change Mitigation Strategy

Mbinga

Woodland

"l

Shrubland

SOC stocks, (kg m?)

W .
Vagen and Winowiecki, 2013. Mapping of SOC
stocks for spatially explicit assessments of
climate change mitigation potential.
Environmental Research Letters. 8

e -

Cllﬁhiier and texture explaﬁted
only 47 % of the'variation .
* Cross-site comparison to
“include land cover ahd land
.degradation

v 0.9 ke m2less C in eroded plots

» Most pronounced in Mbinga
. woodland/grasslands




Cross site comparisons: SL -Nicaragua & Honduras

&
<

? Forests, Trees and
CGIAR

_Rio Platanc
e B

Two LDSF sampled in Legend

C:_‘; Polrical boundares

Nicaragua - 201 3:

- Sparse vegetation

Aguaculture

Columbus Mine and El -

Agropassora sysiems

Tuma La Dahlia e

B (vvrgrern and sememrgees roadies foresl
B (vergreen and semewegrren moved forest

B twergreen confleran forest

Two LDSF sampled in e I

SemideGduous mined forest

- Urban arems

Honduras - 201 3: Rio il

Platano and Rio Blanco

Working with Local Partners - CATIE, National Agricultural University (UNA) in Catacamas, Founda-

. . tion of Madera Verde (FMV) in La Ceiba, Institute of Forest Conservatlon ICF) in Tequlcigalpa
Nicaragua soil (FMV) on (ICF) in Teguldgalpa
The Nicaragua team, led by Dr. Norvin Sepulveda and Dra. Jenny Ordonez of CATIE, will ‘

Sal I l P I es at I C RA F Iab sample both LDSF sites in Nicaragua. The Honduran teams are led by Dr. Juan Carlos Flores a

of CATIE working together with Dr. Kenny Najera of UNA and Jaime Enrique Peralta of FMV. 4
The UNA team will sample the Rio Blanco site near Catacamas and the FMV team will sam-
ple the remote Rio Platano site in the north. Field
training was extended to students, local farmers,
NGOs, CGIAR centres and others. Participants
were trained in navigation with the GPS units to
locate the randomly generated LDSF plots (160
W= per site); all aspects of the LDSF, including soil
®% sample collection, tree and shrub measurements,
4 erosion observations, among other variables; and
% electronic data entry. Preliminary data analysis was conducted on the newly collected data,
including infiltration capacity curves and tree density estimates. Students from UNA will use

Ag rOfO reSt ry the LDSF data for undergraduate theses.
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Tree Densities and Erosion Prevalence - Cultivation

in El Tuma and Columbus Mine, Nicaragua

o
) 1

N Average Tree Denéity'(tree ha-1)

SEVEREERO
FALSE
TRUE




Cross site comparisons:
SL - South Africa

° O

NE

CGIAR

wo LDSF - 2013:Agincourt and Bushbuck,
outh Africa

samples are in the ICRAF Laboratory

< to Agincourt social-economic surveys
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Field training at WRF sites in Agincourt (South Africa)

Trip Summary

it was.agreed.that.it- would.be worthwhile to.explore
synergies between the methods used by WRF and the
LDSF methodology developed at ICRAF. Dr. Leigh Win-
owiecki (CIAT) and Dr. Tor Vagen (ICRAF) visited WRF
in March 2012 to learn more about the WRF methods
and discuss possible collaboration. As a follow-up to
this visit, two 10 by 10 km sites were proposed that
are co-located with existing WRF vegetation plots and
INDEPTH network villages.

Funding was made available from CRP6 for WRF to
conduct LDSF surveys of these sites, including training
from CIAT/ICRAF scientists. This report is a short sum-
mary of the field training and action points following
this field training.

Field training at Agincourt

A team of scientists, Ph.D. students and field techni-
cians from WRF were trained on the LDSF methodology
during the week of December 10th, 2012. Field surveys
were initiated at the Agincourt sites (map below) as part
of the training.

The team was trained on vegetation survey methods
following a modified version of the FAO Land Cover
Classification System (LCCS), field assessments of land
degradation risk factors and soil sampling (standard
composite samples and cumulative soil mass).

These data will be used to conduct a comprehensive
soil health assessment of the area and will be linked to
both WRF vegetation surveys and INDEPTH data.

Map of the Agincourt (left) and Bushbuck (right) LDSF sites. The background is a
Landsat ETM+ Image from 2009.

Teaching field text

Tor-G. Vagen (ICRAF)
Leigh Winowiecki (CIAT)

Action points:
WRF team completes LDSF surveys in

two sites (Agincourt and Bushbuck).

Order WorldView2 imagery.

Remote sensing analysis of Landsat

and WorldView2 imagery.
Development of a module for range-
land health monitoring for incorpo-

ration into the LDSF.

Development of a module for

Synergies between the LDSF and WRF veg ion
monitoring methods

One of the primary objectives of this exercise was to
look at synergies between the methods applied by WRF
and the LDSF for monitoring of rangelands and open
woodlands. The LDSF has been applied across all major
climate zones in Africa as part of several initiatives,
including the Africa Soil Information Service project.
The framework has been shown to be very effective
for landscape level assessments of soil and land health.

The WRF has implemented very detailed methods
for assessment of vegetation composition, structure
and trends and it is clear from this collaboration that
the LDSF will benefit from incorporating additional
methods based on those developed by WRF, specifically
for improved assessments of grasslands and woody
biomass. These methods are currently being adapted
and incorporated into the LDSF framework and will be
applied as part of the CRP6 sentinel landscapes initia-
tive (see action points on the right).

.

improving the of woody
cover and biomass in open wood-
lands, including “trees on farm” for

incorporation into the LDSF.

Development of a module for grass
and tree biodiversity assessments

for incorporation into the LDSF.

Proposal development to support
a“work package” on land health
assessment as part of the collabo-
ration between ICRAF and SUCSES
(Sustainability in Communal Socio-

Ecological Systems).




e
Cross site comparisons: SL - Burkina Faso/WGSL

One LDSF - 201 3:
Cassou, Burkina Faso

Soil samples are being
processed by VWASL

WGSL - March 2014
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Site

Cultivated Aréa (ha)

e

CGIAR
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Cross site comparisons: Trees and Erosion

E Cassou
o Combusmne

$ ElTuma
1
0 =

Severe Erosion

—
1

0 1000 2000 3000
Average Tree Density (tree ha-1)



Nicaragua Infiltration
Capacity- Effect of Trees

Average Infiltration Capacity

Average Infiltration Capacity - Nicaragua

f% Site
g : ::I:mm:usmine
«
ll ... Trees
0. 1.00
E" 7 ..‘. 0.50
g 3 025
Time (mi"r(:;) S o.. \ i
A RESEARCH
LJ PROGRAM ON
§§7¢ Forests, Trees and
Agroforest
CGIAR | 9 "y = |




What’s next.....

* Linking interdisciplinary datasets

* Understanding and linking land health with socio-
economic assessments/analysis

* .Let'sopenR




Let’s Download R & RStudio
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Documentation
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IGetting Started:

¢ R is a free software environment for statistical computing and graphics. It compiles and runs on a wide variety of UNIX platforms, Windows and MacOS. To

download R, please choose your preferred CRAN mimror.

o If you have questions about R like how to download and install the software, or what the license terms are, please read our gnswers to frequently asked guestions
before you send an email,

News:

R.3.0.3 (Warm Puppy) prerelease versions will appear starting February 24. Final release is scheduled for March 6, 2014,
The R Journal Vol.5/2 is available.

R version 3.02 (Frisbee Sailing) has been released on 2013-09-25.
useR! 2013, ook place at the University of Castilla-La Mancha, Albacete, Spain, July 10-12 2013,
R version 2.15.3 (Security Blanket) has been released on 2013-03-01.




Let’s Download R & RStudio
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Welcome to RStudio

it =N 1

Powerful IDE for R Web framework for R Open source R packages
RStudio IDE is a powerful and productive Shiny is an elegant and powerful web Our developers and expert trainers are
user interface for R. It’s free and open framework for building interactive the authors of several popular R
source, and works great on Windows, reports and visualizations using R — with packages, including ggplot2, plyr,
Mac, and Linux. or without web development skills. lubridate, and others.

Leam more Get started See projects

© 2014 RStudio, Inc. Follow @rstudicapp | Trademark | DMCA | Careers




Let’s Open R - RStudio

InstaII Packages

® RStudio File Edit Code View Plots Session Build Debug Tools Window Help o @ O o = 4) 100%(=F Tue Mar4 6:37 Leigh Winowiecki Q =
M- Nals ~/R/Projects/LDSF tutorial _‘R_St_ugbo o
Q- 7. L LDSF twtorial «
Console 27 st _inf Rores ' ) gepiot R " o
TR T W Preview #hun 5% B Cwenis-
R version 3.9.2 (2013-09-25) -- "Frisbee Sailing"” 1 LDSF Inftltratmn Dato Analysis i
Copyright (C) 2013 The R Foundation for Statistical Computing 2 = S S ——
Platform: x86_64-apple-darwinld.8.9 (64-bit) 3 Leigh Winowiecki
4 March 2014 v
R is free software and comes with ABSOLUTELY NO WARRANTY. 5
You are welcome to redistribute it under certain conditions. 6 Introduction |
Type ‘license()' or 'licence()' for distribution details. 7 == ==== i
8
Natural language support but running in an English locale 9 In the LDSF, we collect infiltration measurements in 3@% of the plots.
10
R is ¢ collaborative project with many contributors. 11. " " "{r, echo=FALSE}
Type ‘contributors()' for more information and 12 ldsfNicoHond <- read.tcble(“datg dsfNicgHond.csv”, sep=",", header=T)
‘citation()' on how to cite R or R packages in publications, 13 eltuma <- subsg NicaHond, Site--"El Tuma™); T
14 plot(Latiku@e - Longitude, eltuma); —
Type ‘demo()' for some demos, ‘help()' for on-line help, or 13 LDSEAaBration Data Ansivals R Presescation -
'help.start()' for an HTML browser interface to help. Files Packages Help  Viewer . T
Type .Q()' to quit R, seall Packages () Check for Updates “
: abind Combine multi-dimensional arrays AN .
[Workspace loaded from ~/R/Projects/LDSF tutorial/.RData] 19rkolie Statistical Procedures for Agricultural Research 1.1-8 [
F1e1) Algorahms for Quantitative Pedology 16 E
> | archetypes Archetypal Analysis I
Ritops Bitwise Operations 1.0-6
boot Bootstrap Functions {(originally by Angelo Canty for 5) 13-9
car Companion 10 Applied Regression 2.0-19
class Functions for Classification 73-9
Enviromment  History Preseatation - classint Choose unnariate class Intervals 0.1
= & ’ cluster Cluster Analysis Extended Rousseeuw et al, 1144
5 *import Dataset~  J Clear Lisz» codetonls Code Analysis Tools for R 12-8
' Global Envirenmant » colorRamps Builds color tables 23
colorspace Color Space Manpulation 1.2-4
compiler The R Compiler Package 3.02
¥ datasets The R Datasets Package 3.0.2
deddir Delaunay Triangulation and Didichlet (Voronoi) Tessellation, 0.1
gichromat Color Schemes for Dichromats 0
Create cryptographic hash digests of R odjects 064
gis Species distribution modeling 0.9-3
grc Analysts of dose-response curve data 2.3-96
e]071 Misc Functions of the Depantment of Statistcs (e1071), TU Wien 1.6-2
evaluate Racilog and evaluation tools that provide more details felault, 051
Deids Tools for spanaTe 691
fareign Read Data Stored by Minatab, S, SAS, SPSS, Stata, Systat, Weka, dBase, . 0.58-59
format® Format R Code Automatically 0.10
Formula Extended Model Formulas 1.1-1
fossd Palaececological and Palaeogeographical Analysis Tools 037
gbm Ceneralized S8costed Regression Models 21
geol Analysis of geostatistical data 1.7-4




Install Packages

e Ime4

e |attice

* ggplot2




Save the Dataset

* Save the .csv file somewhere on your
computer- where you will remember!!!

e |dsfNicaSAWA




Open a New Project in R Studio!!

Project - New -
Set Working Directory

Let’s explore the data
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