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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Land degradation and desertification are fundamental and persistent problems that have long been
recognized. They are caused by climate variability (e.g. drought and floods), other natural factors and
unsustainable human activities, such as over-cultivation, overgrazing, deforestation, over-extraction
of water, impacts of construction activities and unsustainable irrigation practices. These activities can

lead to loss of vegetation and biodiversity, declining water supply and poor water quality, soi

] erosion

and the loss of soil fertility and structure. The consequences in the medium to long term are loss of

ericultural and economic productivity, loss of soil quality and function and loss of ecosystem
ficluding biodiversity loss and adverse social impacts.

5]

—

he IPCC Special Report on Climate Change and Land, Summary for Policymakers, noted-that
Ke directly affects more than 70 % of the global, ice-free land surface” and that “abount a’quar
hrth’s ice-free land area is subject to human-induced degradation”[3]. Le et al.l4] estimated th4
2 billion people were affected [by land degradation], while Barbier and Hochatd[l(2] estim
33 billion people were affected, of which 95 % were living in developing countries[>l.

hnd degradation is a driver of climate change through loss of carbon«stocks in vegetation
bedo changes and reduced capacity to sequester carbon as soil fertility declines. Furtherm
boradation is exacerbated by climate change; for example, throughireduction in ground cove
y increased incidence of drought, and enhanced erosion causedby increased frequency and
f storms.

o T Qv = WM e -

ecognizing the significance of land degradation leading to desertification in dryland areas, th
ations Convention to Combat Desertification (UNCCD)[®! was developed to combat deser
nd mitigate the effects of drought in dryland regions)particularly in sub-Saharan Africa. Th
pcognizes desertification as a social and economiic issue as much as an environmental
herefore, it has a major focus on fighting povertyrand promoting sustainable development in
isk of desertification. Parties to the UNCCD agreed to implement national, regional and suh
Ction programmes, and to seek to address-causes of land degradation, such as unsustaing
anagement. This document is intendedto complement and support the activities of the U
Foviding guidance to land managers.onthe establishment of good management practices th
hplemented, will reduce the risk ¢fJand degradation and desertification and assist in rehal

S a3 Z I

=)

nd users, technical experts; private and public organizations, and policymakers involve
anagement of land resources for ecological, productivity, economic or social objectives.

he purpose of this doeument is to provide case studies, in support of ISO 14055-1, on the man
F land degradation €xom all hemispheres of the globe and across tropical, sub-tropical and te
imates, and frem“a variety of topographical areas, including deserts, wetlands and
ndscapes. Participating communities include those with poor economic profiles and limited r¢
nd those evidericing some wealth and access to technology and the benefits of research.

o0 o043 =5 a0

o8]

his doeument aims to make ISO 14055-1 more relevant and understood, and to promote its use

D30/Z] of SDG 15 (life on land) and SDG 13 (climate action). This document engages a broad

F lands affected by degradation.)Land managers expected to benefit from the document

services,
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Environmental management — Guidelines for establis
good practices for combatting land degradation and
desertification —

Part 2-

hing

Regional case studies

e

Scope

—

his document provides regional case studies of good practices in land management to pr
inimize land degradation and desertification in support of ISO 14055-1:2017.

5

The case studies are presented to facilitate the application of ISO 14055-1 across a wide of
geographical and local conditions.
N
a

OTE The cases studies are presented as different ways of applying good practice and do not
ternative ways of applying good practices in accordance with ISO~4055-1.
Normative references

2
The following documents are referred to in the;text in such a way that some or all of thei
c
u

hdated references, the latest edition of the réferenced document (including any amendments]

[§0 14055-1:2017, Environmental management — Guidelines for establishing good practices for co
Idqnd degradation and desertification —Part 1: Good practices framework

O8]

Terms and definitions

1]

br the purposes of this document, the terms and definitions given in ISO 14055-1:2017 apply.

p—

§0 and IEC maintaimterminology databases for use in standardization at the following addres

- 1SO Online browsing platform: available at https://www.iso.org/obp

- [EC Electropedia: available at https://www.electropedia.org/

41 Abbreviated terms

event or

range of

preclude

content

bnstitutes requirements of this document. Fog dated references, only the edition cited applies. For

applies.

mbatting

Ses:

AVCF agricultural value chain finance

BAMB Botswana Agricultural Marketing Board

C-BP clearing and brush packing (in brush packing restoration method)
CBO community-based organization

CEDA Citizen Entrepreneurial Development Agency, Botswana

CLDS composite land development sites

© IS0 2022 - All rights reserved
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CNFR

co
CONICET

CRILAR

Comision Nacional de Fomento Rural (National Rural Development Commission), Uru-
guay

clearing only (in brush packing restoration method)

Consejo Nacional de Investigaciones Cientificas y Técnicas (National Scientific and
Technical Research Council), Argentina

Centro Regional de Investigaciones Cientificas y Transferencia Tecnolégica de La Rioja
(Regional Center for Scientific Investigation and Technology Transfer of L.a Rioja),

CRS
CRS-BP
CSA

CSRS-BP|

DPAP
DPSIR
EU
FAO
GIS
HDI
ICAR
IFD

[ICA
IMSD
IPM
ISPAAD
KAZATH

LADA

CA

Argentina

clearing and re-seeding (in brush packing restoration method)

clearing, re-seeding and brush packing (in brush packing restoration methodj
climate smart agriculture

clearing, soil disturbance, re-seeding and brush packing (in brush:packing restoration
method)

Drought Prone Area Programme, India
drivers/pressure/state/impact/response
European Union

Food and Agriculture Organization
geographic information system

human development index

Indian Council of Agricultural Research

intervenciones fisicas demestrativas (demonstrative physical interventions),
ECONORMAS programme

Inter-American Institute for Cooperation on Agriculture

Integrated Mission for Sustainable Development, India

integrated\pest management

Integrated Support Programme for Arable Agriculture Development, Botswana

Kavango-Zambezi Transfrontier Conservation Area, Bostwana

Land Degradation Assessment in Drylands, Argentina

LDN
LULC
NDB
NDVI
NGO

land degradation neutrality

land use/land cover

National Development Bank, Botswana
normalized difference vegetation index

non-governmental organization

© IS0 2022 - All rights reserved
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ONDTyD Observatorio Nacional de Degradacién de Tierras y Desertificacion (National
Observatory of Land Degradation and Desertification), Argentina

PBE Proyecto Basico y Ejecutivo (basic and executive project), ECONORMAS programme
RS remote sensing

SDG Sustainable Development Goal

SEZ special economic zone

SFR Sociedad De Fomento Rural (Rural Development Society), Uruguay
SLM sustainable land management

no clearing (control plot) (in brush packing restoration method)
CCD United Nations Convention to Combat Desertification
SDF United Nations Sustainable Development Framework
D United States dollar
AWD Water Access and Wasteland Development, Pragya project, India

MP Watershed Management Programme, India

Presentation of case study examples

This document provides examples of measuresiundertaken to reduce the impact of land deg
herever possible, the examples were selected to demonstrate challenges in different climati
t¢mperate, sub-tropical, tropical - as well'as different geographical regions (see Figure 1). Th
hhve been compiled according to a template so that the logic of each study is properly described

Fadation.
C Zzones —
e studies
,and the

r¢levant good practice emphasizedsThe relationship between the template and the relevant gulidance is

shown in Figure 2.

The case studies provide examples of the application of technology, the development of restor4
cpnservation techniques,stakeholder engagement and innovation, and the alignment of socio
practices. Some projeets have been undertaken with international co-operation and support
phrticipants are described in the study.

The vernaculardsywsed in many case studies and the description of some terms can be found fr
spurces.

The actionis; results, proposals and conclusions described or made within each case study 4
ith respect to the particular case study conditions and not intended as a general requ

ition and
Fcultural
and the

bm other

re solely
irement,

r¢commendation or permission in relation to the use or application of ISO 14055-1:2017.
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Symbol

O© 0 N O U1

NOTE

Location

Costa Riojana

Madhya Pradesh

western Rajasthan

Ladakh-Kinnaur

Pandamatenga

D’Nyala Nature Reserve
Valles Calchaquies

Irauguba
Chaco Paraguayo
Tala

Source: Base map: htfpy//equal-earth.com.

Clause Case study Focus

6 A €ommunity education and sustainable
livelihoods

7 B Use of GIS and RS

8 C Sand dune stabilization

9 Water supply for irrigation and

household use

10 E Food security and value chain analysis
11 F Restoration after woody clearing
12 G Regional cooperation to combat

desertification and drought

Figure 1 — Location of case study examples
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Steps in a good practice action plan Case Study Related
ISO 14055-1:2017 Structure ISO 14055-1:2017 clause
L 5.2 Drivers of land degradation and
Introduction g
) \/ desertification
Determine the
context 2. 5.2.2 Natural factors contributing to land
) Context degradation and desertification
. o ) U 5.2.3 Anthropogenic factors conttibuting
' Identify the to land degradation and
Assess Identify the drivers of land i .
the impact A Jeoradati 3, desertification
pacts N—] desra ation
risks and Land
. J desertificati degradation .
Q g esertiiication problem faced | 5-3 ~ Forms of lapd’dégradation
N\
Identify the Impact of land \/
methods for A degradation 6.1  Qbjectives to consider wher
addressing \ and 4. establishing good practices
impacts desertificaion
Objectives
Q \/ 6.2 Identifying applicable good practices
| Develop action 6.2.1 Identify r.eglonally rele\{a'nt l'and
4 plans degradation and desertification
drivers
5.
4 L ——{ Int ti o . -
nerventions § ¢ 2.2 Identifying legality and restrictions
f in the land use
. ? Implementation
Interested 6.2.3  Criteria for good practices tp combat
. parties \/ land degradation and desertification
p : N 6.3  Framework for planning
) Monitor
Refine awareness, 6
aCltlon ¢ adoptiof-ynpacts f Restlts 6.3.2 Developing a good practiced action
plans of goodypractices plan
\ 7
i Q 6.3.3 Implementing the action plgn for
good practices
Evaluate the
effectiveness of
implementation 6.3.4 Monitoring the effectivenes$ of
q of good practices ) 7. implementation of good pralctices
—/ Lessons learnt
v and benefits . ..
6.3.5 Reviewing and refining the good
( . .
Review pl practices action plan
eview plan
against pl d \/
< g goals an
objectives 8. 6.4  Communication

\

Conclusion

Figure 2 — Case study structure and related ISO 14055-1:2017 clause
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6 Case study A — Community education and sustainable livelihoods for land
degradation management in the sub-montane La Rioja province, Argentina

6.1 General

In 2011, Argentina formed the National Observatory of Land Degradation and Desertification (ONDTyD)
as a network of institutions and researchers. This was an outcome of the report on evaluation of
desertification in Argentina, under the Food and Agriculture Organization (FAO) Land Degradation
Assessment in Drylands (LADA) projectl(2]. In 2013, the Regional Center for Scientific Investigation and

Technoldgy Transfer of La Rioja (CRILAR], under the National Scientific and Technical Research Cound
(CONICE[I'), located in Anillaco, La Rioja province, became a member of the ONDTyD. The province
La Rioja fis located in the northwestern sub-montane region of Argentina and is a semi-arid area-whig
faces seviere droughts and desertification.

The Costa Riojana, La Rioja, was selected as a pilot site for an ONDTyD project to colléctinformatid
about thp state, trends and risks of soil degradation and desertification in the area. The purpose w3
to develgp recommendations for the prevention, control and mitigation of damages to the land, so as {
assist thp decision-making process in relation to environmental management hy<both the private an
public sectors. The members of the ONDTyD project team are from the CRILAR:CONICET.

First, the¢ people of the pilot site, including the representatives of the community, were invited to
workshop that had been organized. After analysing the answers, it was(concluded that one of the ma

causes of desertification during the previous years was the indiscrithinate cutting down of mesquit

trees (Prosopis sp.).

Next, an|alternative was proposed: to incorporate the mesquite fruit into the human diet. This wou
not only promote a healthy diet, but would also promote a sustainable process that would use each ar
every avhilable resource without damaging or negativelyimpacting the environment.

One challenge was weather conditions that restrict;the use of large portions of the land for agricultur

activity. [This also resulted in a growing desire to generate work opportunities and productive project

to imprope the quality of life for the residents ofthe area. It was concluded that the most viable solutid
was the fise and care of the mesquite tree. After years of evolution in the area, the native mesquite tre
or “algarnrobo” in Spanish, is able to survive-the lack of water and climatic variations. The trees surviy
plagues, [their production costs are low-and they do not involve much care.

There are different mesquite species, e.g. white mesquite (Prosopis chilensis) and black or swe
mesquit¢ (Prosopis flexuosa), which are frequent in the Costa Riojana and have multiple application|
Unfortunately, the main demand is for the wood, which is used for firewood due to its high heat capacit]
causing ¢leforestation, sojl'€rasion and loss of the vegetation cover.

There arje multiple adyantages in focusing on the mesquite fruit that would improve the quality of t}k
life of thie residents;ef the area. First, they are excellent sources of protein and good carbohydrate
Second, they can’either be consumed fresh or processed. Third, they would help to control nutritic
problem§ in rural areas. Finally, their industrialization would generate new job opportunities.

The mesptite fruit is a pod with pulp (smaller in the white mesquite tree and larger in the black on

il
bf
h

n
LS

d

o

e

Pt
S.
Y,

N

J)

that contains many seeds that can be used to feed animals. Unfortunately, only a few do so. The pu

p

corresponds to the mesocarp, it is sugary, very sweet, sticky, visibly developed, with an approximate
thickness of 1,5 mm to 2,0 mm. The natives used it in pre-Hispanic times. This was verified in

archaeological remains.

The use of the mesquite fruit is the solution for many problems of the pilot site Costa Riojana. It would
improve a healthy diet, would help nutrition and would generate jobs opportunities, while avoiding soil

degradation and desertification.

6 © IS0 2022 - All rights reserved
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6.2 Context

6.2.1 Location

The ONDTyD pilot site of Costa Riojana, is located in La Rioja province, northwestern Argentina (see
Figure 3). The area under study is bounded by a polygon with the following coordinates: northeast
corner at 28° 45’ 16,90" S 66° 48’ 28,17" W; northwest corner at 28° 42’ 10,73" S 66° 57’ 10,51" W;
southwest corner at 28° 57’ 56,41 S 67° 3’ 31,91"” W; and southeast corner at 29° 0’ 44,40 S 66° 56’
46,81" W.

1
Key
1| Argentina
2| Costa Riojand (Lid@ Rioja Province) in Argentina
3| Castro Barros Department in the La Rioja Province
4| LaRioja city
5| studyrarea and sites along Highway 75 in Castros Barros Department
NOTE Source: http://equal-earth.com; https://commons.wikimedia.org/wiki/File:Argentina_-| mapa_de

las_provincias.svg.

Figure 3 — Location of the ONDTYyD pilot site at Costa Riojana

6.2.2 Physical features

6.2.2.1 Climate

The climate is semi-arid, with rainfall that does not exceed 180 mm per year. The minimum winter
absolute temperature can reach -12 °C and the maximum absolute summer temperature is 38 °C. The
average annual temperature is 16,8 °C (2000 to 2008 period). Frost occurs between the months of June
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and September. There is a large daily thermal amplitude, which can reach up to 21,3 °C. During July and
August, the Zonda (a warm and dry wind) is characteristic.

6.2.2.2 Topography

The pilot site covers an area of 43 200 ha, limited by the northeastern flank of the Sierra de Velasco to
the west and the mountains of Punta and Mazan to the east. The populations settle in the foot hills of
the eastern slope of the Velasco, at an average altitude of 1 400 m above sea level.

6.2.2.3

Comal
J0U11

The soil fan be divided into that of the valley, the flood zone, the piedmont and the mountains.

The vallgy is characterized by low slopes (between 1 % and 2 %) and moderate to high bare grourld
cover. The soil in the valley has the characteristics of that of the Aridisols type. This seilds typical pf
desert afeas, and has low organic matter content, light colours, little development or diect absence pf
horizon [, high porosity and low abundance of roots. The texture is predominantly sandy and silty arld
has no effective depth limitation.

The floof zone is located adjacent to the channel of the transitory river that acts as a collector of the

mountaih slopes to the west. Its name comes from its sporadic flood dutibg the rainy season. Thege
charactefristics determine a low coverage of bare soil due to the presence of algarrobo trees (Prosopiis
spp.)- The soil is predominantly clayey, with a more developed horiZen™A, a higher content of organjic

matter cpmpared to the valley and a high abundance of roots.

In the pi¢dmont, the slopes follow the altitudinal gradient, with:values of 2 % at the base and up to 30 %
at higher altitudes. The coverage of bare soil is low to moderate due to an increase in vegetation covér
with incfeasing altitude. The soil is predominantly open,with a variable A horizon, that can range from
absent t¢ moderately developed. It presents greater limitation to effective depth relative to the valley,
and it is mostly porous but also with the presence offtumps in lands with agricultural use.

The Sierfas, with the highest altitudes, have thé highest slopes, exceeding 30 %. The soil has similar
charactefristics of that of the piedmont, but With a higher content of organic matter and dark brown
colour.

6.2.2.4 | Natural vegetation

The veggtation in the valley redion corresponds to the northern portion of the Montel8l. It is an opgn
shrub stgppe dominated by Ilanrea cuneifolia “jarilla”, and accompanied by Bulnesia retama “retamog
fabaceas| shrubs and cactaceas. Herbs and grasses are scarce and their abundance depends on the
seasonallpulses of rainfall_The forests are open and marginal to transient rivers, with Prosopis chilenslis
and Prosopis flexuosa falgarrobo” (known as mesquite in the United States of America and Mexico) s
the dominant tree species. The piedmont vegetation becomes more abundant due to the increase in the
humidity that follows the altitudinal gradient. Here, as characteristic species of the Monte vegetatidn
appear [lourensia fiebrigii, and Trichocereus terscheckii “cardén” in the alluvial fans. Following the
permangntrivers, in the riparian forests thrive the trees Acacia visco “visco”, Lithrea molleoides “molle
and Schihusfasciculata “moradillo”

6.2.3 Socio-economic features

6.2.3.1 Land use and governance (tenure, customary access arrangements)

The predominant land use in the pilot site is a small-scale agricultural production of fruit trees (mainly
vine, olive and walnut) and extensive livestock. The farmlands are arranged as small farms of up to 1
ha within the boundaries of the villages. Both irrigation water and water for human consumption come
from the permanent rivers of the Sierra. There are two intensive wine productions located in the valley,
which use drilling water, drip irrigation and agro-chemicals.
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In the pilot site, the following conditions and processes currently impact on land degradation:
extraction of firewood in the valley (mainly algarrobos and retamos), lack of territorial planning, water
scarcity and conflicts associated with its use, loss of productivity and economic profitability of small
holder farms, ignorance of agricultural good practices and alternative forms of sustainable production,
lack of association activism, dependence on state employment, absence of protected areas, and poor
awareness of the ecosystem services that provide for the native flora and fauna.

6.2.3.2 Population/demographic/socio-cultural setting

The pi]nf site hag o pnpnlafinn between 300 and 2 000 residents distributed in small vi”ag s. Their

njain activities are the harvest of vineyards, walnuts, olives and fruits, as well livestock (nfdainly goats
ahd cows).

2.4 Interested parties

6
The main goal of ONDTyD project is to provide information about the state, tendencies and the risk of
lgnd degradation and desertification, in order to:

a] develop ideas and proposals;

o

promote the prevention, control and mitigation of land degradation and desertification.

—3

his information can be used by both public and private organizations in charge of decision-npaking in
¢lation to this issue. To make this possible, potential interested parties are identified, includirjg among
the general population, government, universities and research institutions.

—

o)}

.3 Land degradation problems faced

=)

3.1 Types ofland degradation observed

—3

he types of land degradation observed were degradation of the ecosystem structure and biogliversity,
nd biomass decrease:

jo5)

— after clear cutting, there is watural replacement of the forest with secondary forests of|reduced
productivity, which results in a reduction in biomass and a decrease in species diversity, s well as
areduction in carbon stoeks;

— greatareas of woodlands were cleared and transformed to open space for agriculture purppses that
later were abandoned [see Figure 4 a)];

— there is natural wind and water erosion, frequently aggravated by human activities (dnthropic
erosion), such as agriculture and over-catching.

Opne of the main problems of the ONDT y D Costa Riojana pilot site is that people cut down the native
tiree “white algarrobo” Prosopis chilensis and “black algarrobo” Prospis flexuosa to obtain firewood,
gnoring provincial laws that penalize this practice [see Figures 4 b) and 4 c]].

—e
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c) Trucks transporting firewood from Prosopis sp.

NOTE Photo credit: ONDTyD project group.

Figure 4 — Land disturbances
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6.3.2 Drivers of land degradation

The drivers of land degradation identified were:

— unsustainable agricultural practices, such as:
— dismantling of native mountain vegetation without previous planning;
— historical overgrazing;

— biomass extraction for non-sustainable energy:

— indiscriminate cutting of algarrobo trees to obtain firewood and wood;

—+ anthropogenic disturbance involving agriculture and their associated industries génera

biodiversity;

— the use of firewood and crop residues as energy sources reduces the content of organi
vegetation and forest cover and can also affect rain fall patterns;‘ds well as the hyd
watersheds.

6({3.3 Risk of future land degradation — Resilience
S

bme of the risks for land degradation are the indiscriminate use of firewood and wood, a
the clearing of land for agriculture that is then abandoned’due to very high economic costs ar
profitability. All these practices can be avoided.

njanagement (SLM), historical overgrazing and*dismantling of native mountain vegetation|
previous planning.

The lack of information and knowledge of-the native flora and fauna is aggravated by the wate

Anthropogenic disturbance involving-agriculture and their associated industries generat
ndustrial wastes. As a consequence;it produces habitat loss and fragmentation of the wildlife

Fbiodiversity (see Figure 5).

o =

(€S agro-

industrial wastes that produce habitat loss and fragmentation of the wildlife as/well as the loss of

C matter,
ology of

5 well as
d lack of

Other problems include the lack of education about alternative practices for sustainaple land

without

- deficit.

es agro-
and loss

NOTE Photo credit: ONDTyD project group.

Figure 5 — Olive pomace being loaded into a truck for application on the fields
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6.4

Objectives

Among the principal goals of the project are the following:

6.5

Since th¢ beginning of the project in 2013, surveys and evaluations have been made of the pilot sit
Researcirers from CRILAR-CONICET discovered numerous archaeological sites- that indicate the

use

demonstrated the elaboration of algarrobo flour (see Figure 6).

recovery of degraded areas with algarrobo (Prosopis sp.) through the planting of seeds, and practices
that use the minimum amount of water;

avoidance of the indiscriminate cutting of algarrobo trees to obtain firewood and wood, and
promote the valuable of the fruits for human consumption;

production of edible fungi on agro-industrial waste and use of any of the remainder for feeding pf
the lpcal cattle.

Interventions

®

of algarrobo by native people as their food source. The presence of mortats, conanas and seeds

b) Close-up of a mortar

NOTE Photo credit: ONDTyD project group.

12

Figure 6 — Presence of pre-Hispanic mortars
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The following observations were made:

the land degradation was due to the indiscriminate cutting of algarrobo trees to obtain firewood
and wood;

ancestral practices used since pre-Hispanic times, such as the use of algarrobo fruit for human
consumption, had been abandoned.

Several intervention activities were carried out at the pilot site, as follows:

=

Z

Gl oNDTyD pro
PTE Photo it: ONDTyD project group.

esemattersin

e|problems.
Posters were distributed to explain degradation and desertification in 10 schools ogl;@ alLa Rioja.
The first mechanical mill (see Figure 7) was acquired for an agrarian school, wﬁzh incofporated
the milling of algarrobo flour. In each grinding, 10 % of the production is giv%cb) the schopl.

An edible fungi was produced on agro-industrial residues (pomace from Qelaboration offolive oil,
grape pomace, walnut shell and remnant of the milling process of algan)bo tree).

&

nally, trials of reforestation with Prosopis flexuosa and Prosopis chilensis with irrigation only in the
nitial stage are being carried out. These trials have been successfl\ ar (see Figure 8).

S

S
QQ

Figure 7'— First algarroba mill installed in an agro-technical school within the pilof site

© IS0 2022 - All rights reserved 13
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NOTE Photo credit: ONDTyD project gr@\\o

Figure 8 — Affores@n with only an initial irrigation using hydrogel

The project applied a circu @conomy approach (see Figure 9), whereby it can be made sustainable

with migimal environme impact. The algarrobo fruits are used to make flour. The flour is used to
elaboratg human food , the residue of the flour is reused to obtain seeds and then the seeds are
used for|reforestati addition, with other agro-industrial wastes (olive oil, wine, walnut shells) s

soil compost, edi ?[mgi is grown and produced. Their fructifications are used for human consumptign
(girgolag), whi e rest of the residue, together with the mycelium of the fungus, is recovered for

feeding oa;c<y~
o)
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ey .
algarrobo mezquite tree @ )

fructification O

harvesting of the fr

flour mill machj r grinding the algarrobo seeds

breads a ddings from algarrobo flour
agro-'@l trial waste from the processing activities
s (mushrooms) are grown using the agro-industrial waste residue

%E%ats feed on the organic waste residue and contribute to natural fertilisation

K
1
2
3
4
5| flour produ m algarrobo
6
7
8
9
1

U seeaungs grow on nyqroge1 1IroIm agI'O-lIl(lllSU'lal Wastes and orgdanic fertitisers

NOTE Photo credit: ONDTyD project group.

Figure 9 — Circular economy based on the algarrobo
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6.6 Results

The interventions were found to have resulted in the following achievements:

NOTE Photo credit: ONDTyD-project group.

6.7 Lessons learnt and benefits

The int¢rvéntions resulted in benefits for the community and there were lessons learnt In
implementation of the interventions:

16

reduction of the indiscriminate use of firewood and wood, thus avoiding logging as the main cause
of land degradation;

reduction of the impact of land degradation through forestation;

provided availability of mills for the whole community and for the possibility of continuity with the

seibian-and oo of oo o nallo to ol a oz e oo ] alitiac
acq IOITUIVIT dITU UOLU UL TTIVI U IIITIIO TIT ULIICT tUVIIO Ul 'TULTAadlItiIcvy,

rescpie of an ancestral cultural food such as the algarroba, adapting it to the current copsumér
dempnds (food security), given its high nutritional value and suitability for celiacs (incorporated to
Arggntine Food Code in 2014);

reschie of lignocellulolytic edible fungi (Pleurotus sp.) growing on agro-industrial’substrates (se¢e
Figufre 10);

better quality cattle feed and sustainable feeding practices.

Figure 10 —'Girgolas (Pleurotus sp.) growing on agro-industrial substrates

The workshops and lectures in schools have allowed children to stimulate their thinking and to
reconfigure their actions by disseminating good practices in their families.

The planning of ideas was well accepted, but the stage of implementation is slower. In one of the
agro-technical schools, the mill has been used but the algarroba flour was not used as food. The
consumption of algarroba flour is a challenge, and several certifications that would give added
value to the product (as a product suitable for celiacs, an organic product and conformity with
International Standards, since the pods are currently extracted from the field).

It is important to evaluate the advantages and disadvantages of different types of mills according
to where they would be located, e.g. in a populated town. It would be easier to place a mill in a
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permanent place. However, if houses are scattered, then a portable mill would be more convenient
for the inhabitants.

— Thenativealgarrobos tree grows wellin the soil conditions of the desert. In this context, reforestation
is not necessary. Nevertheless, care and protection of the algarrobo trees is critical to allow them to
grow to a mature age.

6.8 Conclusion

Based on the experience at the pilot site, the following actions were proposed by the ONDTyD:

- identify the drivers of land degradation including the impact of past/current practices;

— raise awareness among the population about the problems generated by the useyof‘unsugtainable
management practices;

— diminish land degradation by locally improving sustainable environmental practices;
— recover ancestral feeding practices, adapting to the new demands of the-current consumef;

— mitigate the environmental impact by preventing the algarrobo félling and giving value to|the flour
obtained from their fruits;

— achieve the use of each stage of algarrobo flour production, mitigating environmental imppcts;
— encourage the production of new foods with high nutfitional value;

— improve the quality oflife of the local population By generating new jobs through a circular pconomy
approach (see Figure 9).

—3

he activities can be aligned with SDG 15: Protect, restore and promote sustainable use of tdrrestrial
Cosystems, sustainably manage forests, combat desertification, and halt and reverse land degradation
nd halt biodiversity loss.

D D

~
[

Case study B — Use of GIS:and RS to support spatial planning for drough
psistance in continental marginal lands in India

H

711 General

Nearly 228,3 mha (69,%) of India’s total geographical area is under dry lands and 105,8 mhp (25 %)
areas of the country have been affected by desertification. In 1994, the Ministry of Rural Development,
Gpvernment oflndia, launched a Watershed Management Programme (WMP) under the Drought Prone
Alrea Programime (DPAP). The main purpose of this programme was to use a scientific apptoach for
cpnserving the soil and water resources and optimizing their utilization for increased/sugtainable
agricultural productivity, regeneration of natural vegetation, and better livelihood opportunities for
the people living in the arid regions of the country.

I tt AUSE, The use of the spatial ana Ategy Of USINgG Temote Sensing (RS) and geographic
information tools for planning the resulting interventions for combatting soil erosion is presented.
The case study area is in the DPAP areas of Jhabua and Dhar districts of Madhya Pradesh, India. A
composite land development sites (CLDS) approach was applied with the aid of RS satellite data, other
ancillary information and geographic information system (GIS) environment for implementing various
watershed management plans in the selected region.
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7.2 Context

7.2.1 Location

The Jhabua and Dhar districts of Madhya Pradesh, India, were selected for study under the DPAP. The
Jhabua and Dhar Districts are located in the southwestern corner of Madhya Pradesh state, India. The
total area of these two districts extends from about 23° 55’ N to 23° 14’ N latitude and from 74° E to 74°
42" E longitude (see Figure 11).

74°E 75°E

— 23°N

= 22°N

Key
1 the sfate of Madhya Pradesh in India

2 distr|cts in the state of Madhya Pradesh
3 Jhadpur District, Madhya Pradesh

4  Dhar]District, Madhya Pradesh

NOTE Source: adapted from https://comimons.wikimedia.org/wiki/File:Ecozone-Biocountry-Indomalaya
.svg; httpk://commons.wikimedia.org/wiki/File:India_Madhya Pradesh_location_map.svg; Arunima et al.[13],

Figure 11 — Study areadistricts of Jhabua and Dhar, Madhya Pradesh, India

7.2.2 Physical features

7.2.2.1 | Climate

The areq falls in‘the semi-arid tropics of India and is highly drought-prone with degraded wasteland
The whdle study area falls in the hot, moist semi-arid agro-ecological subregion and is characterizg

S.

d
by dry spmmers and mild winters. Natural vegetation in the area comprises tropical dry and mixqd
deciduousfarest nry]nnd Farmingic acommon traditional practice Thenormalannualmean maximum

temperature is 32,8 °C and the normal annual mean minimum temperature is 19,1 °C. In Jhabua District,
the highest day temperature in the summer is between 32 °C to 44 °C. The average rainfall in the district
is about 600 mm to 800 mm.

7.2.2.2 Topography

The average elevation of the plateau is 365 m above the mean sea level. The terrain is hilly and highly
undulating[12l. The geomorphic surface in the terrain is formed by Vindhyan hills and the Malwa plateau.
The terrain is hilly and undulating due to differential erosion of hard rock especially weathering of
basalt. The general trends of the hills are in the east-west direction. The erosional characteristic of a
plateau in the area of basaltic terrain comprises a dissected plateau.
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7.2.2.3 Soil

The soil constitutes gravel and sand. The terrain is flat to undulating. There is moderate to good silt or
clay-sized unconsolidated grains of varying lithology. The dominant soil of this area is represented by
the Sarol series and the Kamliakheri series, which are moderately deep, moderately well-drained and
moderately permeable black soil. The valley soil is medium to deep, pale to dark greyish brown, almost
black in places, clay to clay loams (40 % to 60 %) from alluvium of basaltic origin, giving a reaction of
neutral to slightly alkaline. In the plateau area, the soil is deep to very deep, with dark, black cotton clay
soil on elevated plateaus in the northeast of the district. In the piedmont and undulating uplands, the
soil is shallow to medium depth, sandy to sandy loams, yellowish brown to reddish brown, and slightly
atidic.

N

2.2.4 Natural vegetation

—3

he natural vegetation comprises tropical dry and mixed deciduous forest. Pryland farmiing is a
bmmon traditional practice in highly undulating topography in Jhabua, with slépes of cultivated lands.

(@)

The main crop is maize, which occupies the largest area, followed by Jewar (sorghum). Ride is also
chltivated in small areas.

N

2.3 Socio-economic features

—3

his area has been identified as one of the most backward areas of the country. There is congiderable
yiral poverty and large-scale unemployment among the casual farm and non-farm workers, a$ a result
 inadequate work opportunities. The livelihood of rural people in these areas has always been under
nstant threat.

O o =

e}

ural poverty and extensive unemployment ameng the casual farm and non-farm workers|indicate
nadequate work opportunities in the hot, moist semi-arid agro-ecological subregion. Frequent
Foughts play havoc with agriculture. As a consequence, the livelihood of rural people in agricultural
reas is under constant threat, resulting in'extreme poverty.

o o =

bveral medicinal plants grow naturally in this region that can be utilized for curing physical failments
nd diseases through the Indian System of Medicine. These are used for the preparation of herIal drugs

y the tribal community for the, préparation of herbal drugs. The women make ethnic items including
hmboo products, dolls, bead jewellery and other items that have for long a time decorated livihg rooms
1 over the country.

L o TV DN

bout 91 % of the population lives in rural areas. Tribal people form 85,60 % of the populdtion and
parly 3 % of the pépulation belong to scheduled castes. The density of the population is ngarly 206
ersons per km?z,

T S >

712.4 Interested parties

The intereésted parties for the geospatial analysis were the planners, scientists and teghnicians
phrticipating in the WMP in the area.

7.3 Land degradation problems faced

Dry land tribal farming is undertaken on highly undulating topography. In the absence of water
resources and periodic droughts, agriculture production is very low. In order to supplement their
income, people engage in pastoralism and overgrazing, which results in land degradation due to lack of
vegetation cover.

Other causes of land degradation are lack of rains, periodic droughts and lack of water resources,
and lack of vegetable cover further aggravates the soil erosion. Without the watershed management
interventions and lack of vegetable cover, soil erosion conditions will further worsen the land
degradation.
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7.4 Objectives

The thre

e main objectives of the WMP for the study area were:

— reducing the vulnerability to droughts, improving the income and livelihood of people, and providing
short-term employment opportunities;

— providing various water harvesting measures to increase agriculture through an increase in surface
and subsurface water;

NOT

—

incrdases the carrying capacity of the land leading to sustainable development.

— creafing employment opportunities to reduce poverty and improve livelihoods among) casu
farm and non- farm workers who are impacted by frequent droughts in the moist semi:atrid agi

ecol

A spatia

pgical subregion.

analysis strategy was developed to support the implementation of the WM®P. The goal wg

to develgp a RS and GIS system which can collect and maintain the data and infermation in order {

support
land-use
improve

7.5 In
A WMP

the WMP objectives. In particular, the system would be able to assist ifi.the monitoring of ar
changes that were expected to be realized due to the proposed interventions, i.e. in relation {
ments in the water and soil resources.

terventions

is one of the most appropriate and scientific approachés for conserving the soil and wats

resourcgs using check dams, ground water recharge structuyes, farm ponds and water harvestiry

Bundhis

(minor irrigation ponds) to counter the impact of droughts. These interventions optimiz

the stordge and utilization of water and can result in inckeased/sustainable agricultural productivit]
regenerdtion of natural vegetation and better livelihood opportunities.

Evaluati

bn of the implementation of soil conservation, efficient management and utilization

rainwatgr, and management of the non-arable*lands for fodder, fruit and fuelwood production in th

watersh¢d perspective are the core strategies‘of natural resource management in the semi-arid tropi¢

of India.

All thesd

and erogion, recharging groundwater in the discharge zone, and utilizing groundwater as well :
rainwatdr for crop growth more\effectively.

RS and (IS techniques haveé-been employed to assess the resource status for the purpose of generatiy

action p

ans. To monitor“the positive impacts of desertification-combatting methods of the WMP, 4

evaluatign can be made of the changes in surface water bodies, areal extent in irrigated agricultuy
and char]ges in vegetation of the agricultural lands in the selected districts. The RS-GIS methodology 1

study th
al.l13] an

e impact‘of the WMP in the semi-arid districts of Dhar and Jhabua is described by Arunima
1 is shown in Figure 12.

Parametgfsused for evaluation and monitoring purposes included:

Ao oo A Eor | P Brad 1o il 3 1l 1a-d £ PECN-R Y -t 43
- X HICT CasStC—TI agrcarcarar - protaCTtroT—vvv ol proptT SO atrcvvactcT  ara g CIrcTre practicy

water conservation measures are aimed at increasing soil moisture, reducing surface rungff

2
g

Y,

LS

— land use/land cover (LULC) parameters;

— the extent of the irrigated area;

— vegetation index through the normalized difference vegetation index (NDVI) values;

— fluctuation in the depth of groundwater table;

— well

density and yield;

— cropping pattern and yield;

— the occurrence of hazards;

20
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— related socio-economic indicators using the Integrated Mission for Sustainable Development (IMSD)

guidelines[16][18],

The CLDS method was evolved and applied for the project. CLDS is an integrated method incorporating
three major steps. First, four thematic maps were generated, namely soil, slope, LULC and ground
water potential (derived from hydro-geomorphology map), representing individual classes of these
parameters for any given problem area. Then this information was combined both spatially and
aspatially, using GIS techniques for obtaining unique CLDS.

Topographic Satellite
sheets 1mages

Georeferencing, subsetting
and mosiacing

!

/ / Collateral dat

o

y

/

—Soil
— Slope

— Ground water

— Land use/land cover

Digital, rectified satellite image prospect
of study area \/l
* \i ‘
Unsupervised Area calculation using NDVI analvsis Development and
classification pixel resolution y implementation of
desertification
combating plans

€hange in irrigated agriculture with surface
water bodies

/

Increased?

ol

17 = . . 3
uveldil lllll)l UVClllCllt IrIrr 15atcu

agriculture with increase in surface
water bodies

NOTE Source: Arunima et al.[13].

Figure 12 — Flowchart of the overall methodology used for the study
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7.6 Results

Based on the RS-GIS evaluation and collateral data, several plans were proposed for the implementation
of the intervention actions. In order to prevent soil erosion and increase the soil capacity to retain
water, various measures such as contour bunding, growing grasses, afforestation, an agro-forestry and
horticulture programme for fuel-fodder, and fruit plantation were undertaken.

For reducing runoff and erosion, increasing soil moisture, recharging of groundwater, promoting
proper ground water exploitation and increasing surface water storage, water resource management
and augmentation programmes such as check dams, nallah bunds, culvert-cum-stop dams and surface
dukes were undertaken.

Comparison of the satellite images of the project area between 1991 and 2013 indicated the positiye
effects of the intervention practicesl13]. The area of the water bodies increased by 80 times .and the
agricultyral area increased by 34 times between 1991 and 2013. The latter was indicated,bythe NDYI
values of the agricultural lands which were successfully estimated over the period of22 years (sg¢e
Figure 1B). The WMP and intervention actions have brought socio-economic benefits for the people pf
the targg¢t area and improved the quality of life.

157,05

87,51

1,65 4,6

1991 2013
Key
- water body area (km?)

|:| agriculture area (km?%)

NOTE Source: Aruniméa-et-al.[13].

Figure|13 — Changes in the area of water bodies and irrigated agricultural land in the project
area before and after intervention measures (1991 and 2013)

7.7 Lessonslearntandbenefits
. RSTedrnsanaoene

GIS spatial analysis tools were used for the formulation of the action plan and for monitoring the
changes brought by implementation of the action plan in real time. The results show that these tools
are extremely useful for supporting the formulation of implementation programmes and evaluating the
effectiveness of the desertification countermeasures for socio-economic development of the region.

As a result of the geospatial analysis, the results showed an increase in the area of water bodies and of
irrigated agricultural lands (see Figure 13). It can be considered that the interventions to augment and
manage water resources were successful measures to fight soil erosion and for the rehabilitation of
eroded soil, thereby increasing agriculture productivity and improving the socio-economic condition
of the population in the semi-arid areas. The storage of water in water bodies and increasing the water
table in wells and soil are extremely vital measures for fighting the periodic cycles of droughts.
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7.8 Conclusion

Combatting land degradation and desertification can involve meticulous planning in terms of evaluating
the existing terrestrial bio-productive system for assessing the true level of resources and extent of
degradation. This includes land productivity, vegetation cover, water resources, topography and quality
of land. Only ground observations, which are time-consuming and costly, are not suitable for macro-
scale area planning. It is also important that the tools used for monitoring are objective and unbiased.
RS and GIS techniques have emerged as extremely useful tools for assessing the resource status to
formulate action plans and for monitoring the impact of implementation of the plan over the scale of
the period. The positive impacts of strategjes used for combatting desertification through watershed
njanagement techniques can be quantified in terms of the positive changes in the area of th¢ surface
water bodies, areal increase in irrigated agriculture and changes in the quality of vegetation cpver.

The experience has shown that GIS spatial analysis is a very appropriate approach)fer contributing
t¢ planning, monitoring and evaluating the desertification combatting strategiesin the distrjicts. The
WMP developed has been suitable for the selected area.

J—

tf can be concluded that RS-GIS techniques are very useful for planning and monitoring the mheasures
combat desertification at macro scale. Use of these techniques in this.stady supported the dollection
F information for planning the interventions and allowed for real-time monitoring of the results of
mplementation of anti-desertification measures through the WMP,

- o

g Case study C — Sand dune stabilization in continental desert region of western
Rajasthan, India

8l1 General

Spil erosion and desertification cause progressively reduced productivity and biological qualjty of the
Ignd. Water availability is also adversely affécted. Periodic droughts further aid the desertification
process. Shifting sand dunes were a major-problem in the arid regions of the western Rajasthan. An
operational research project was launthed by the Indian Council of Agricultural Research (ICAR),
Ministry of Agriculture and Farmers,Welfare, India, with a major focus on sand dune stabjlization,
grass and forage development,afforestation, shelterbelt plantation, demonstration of improved
technologies in the cultivation of important vegetables and fruits for higher productivity, and wiatershed
njanagement. This was a foundational project to transform deserts in India. One of the salient|{features
of this project was to involve beneficiaries in the project and give them knowledge for a npultiplier
effect. This project resulted in improving the socio-economic conditions of the population in thle project
area. Subsequently, a hew project was undertaken by the villagers on their own without government
ifjtervention.

82 Context

8|2.1 «.Location

TheZarea of arid western Rajasthan extends from 24° 37’ 00" N to 30° 10’ 48" N and from 69° 29’ 00" E
to 76° 05’ 33" E (see Figure 14). Five contiguous villages of Mandore Panchayat Samiti, located north of
Jodhpur, in the western part of Rajasthan state, India, were selected for the project. They were: Daijar
(2 284 ha) in 1974, Basani Karwar (526 ha) in 1975, Palri Khicbayan (1 440 ha), Basani Lachha (650 ha)
and Manaklao (2 912 ha).
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Figure 14 —Location of the project area in Rajasthan, India

8.2.2 Physical features

8.2.2.1

Western

Climate

Rajasthan is a desert which is dominated by a sandy landscape with scorching sun, and a h

and dry §

tfong wind. Large areas of the region are subjected to very strong wind during the hot summe

bt
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months,
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the landscape and deposited at other locations. Average rainfall in this region is between 100 mm to
400 mm. Sometimes, temperatures exceed 54 °C in summer months and drop below freezing point in
winter. High evapotranspiration (1 500 mm/year to 2 000 mm/year) takes place during the summer

period.

8.2.2.2

Topography

The landforms are very heterogeneous. They comprise shifting sand dunes, sandy plains, saline flats,
dead streams, alluvial flats, barren gravelly stretches, undulating topography and barren rocky areas

(see Figure 15).
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NOTE Photo credit: https:

Figure 15 — Shifting sand dunes in the Thar Deser\x\QHjasthan
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The sand-dune infested area in western Rajasthan alone ac@ts for about three-fifths of the total area
and is mainly formed due to wind erosion. Its main feat s arid soil ranging from red to yellow in
coplour. Itis generally sandy and saline. Humus and mois content are very low, due to the dry climate
ahd high evaporation rate. The lower portion of the aréa on the catchment side is also represented by a
gravelly and undulating land surface, which is lan&@ found in these villages.

8/2.2.4 Natural vegetation . Q)$
\)

Thorny bushes and Prosopis cineraria tr&@ are found in this region.
oF

8|2.3 Socio-economic featuret}\

Oput of the total area of 7 8 a' in these villages, about 55 ha is under sand dunes. Nearly [l 383 ha
gravely waste area. Ab 0 ha area comprises saline and other wasted lands. An occypational
stribution analysis of@)e population in these villages revealed that 64,4 % of the workers had
briculture as their r@n occupation, 19,9 % were agricultural labours and 1,2 % were enjgaged in
himal husbandr?@proximately 14,5 % were engaged in other occupations. The avera%;F size of

[Vl

a
a

agricultural holding was 6,6 ha. Only 7,5 % of the land had irrigation facilities. Landholdings of the five
cpntiguous vi s of Mandore Panchayat Samiti, Daijar (2 284 ha) in 1974, Basani Karwar (526 ha) in
1p75 and Pa?s Khicbayan (1 440 ha), Basani Lachha (650 ha) and Manaklao (2 912 ha) are shown in
phrenth )

The@?ﬁulative landholding of these villages amounted to 7 812 ha (78,12 km?) and th¢se were
i lﬁbited by 548 households. The total population was 3 356 (made of up 1 806 males and 1 550
females). 976 were workers and 2 380 were non-workers. The population density was 45 persons/km?2.
The size of holding per household was 6,59 ha, out of which 0,52 ha was irrigated and 6,07 ha was
unirrigated. There were 105 active irrigated wells, out of which 38 were electrified.

8.2.4 Interested parties

The interested parties in this project were the residents of the five contiguous villages in the project
area. Technical support was provided by the experts from Central Arid Zone Research Institute,
Jodhpur, India. Financial support was provided by ICAR.
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8.3 Land degradation problems faced

In the areas where wind erosion is predominant and continues over a long period, topsoil with its
nutrients is usually blown away and leaves behind coarser substrata which are poor in nutrients. It
adversely affects the production potentials of the land. The problem gets aggravated in the agricultural
fields, which are ploughed before or during the high summer wind and remain without any protection,
mulch or plant cover. At the sites where deposition takes place, the medium- to coarse-grained sand
veneers the surface, and buries the productive soil. In both of these places, near-surface sediments
become relatively less productlve Another major threat to agrlculture from wind erosion is the injury

shallow foot system by the erosion of the sedlments eventually causes the death of the crop plantS.
In the aneas of sand deposition, the smaller crop plants get buried under the sand. There is ancingent

desire td break this continual cycle of sand dune movement by reclaiming the sand dunes, saving the
good land from erosion and stopping the expansion of the desert. There is also a desire to-put into
use wasfeland that has never been used by the farmers for growing crops, fruit trees and-grass using
watersh¢d management techniques, instead of relying on good land only.

8.4 Objectives
The main objectives are:
— sand dune stabilization and control of wind erosion;

— puttjng barren land into productive use by raising tree plantations and grasses, which in turn would
meef the fuel and fodder requirements of the farmers;

— savihg the adjoining farm holdings from being engulfed bj.the moving sand particles due to erosion;

— using the land down the slope for producing food crops after reclamation.

8.5 Interventions

In order [to achieve the objectives, the following interventions were made:
— afforestation and shelter-belt plantation;

— pastjure, grasses and forage development;

— dempnstration of improved-technology in the cultivation of important vegetables and fruits for
highler productivity and-value addition;

— dempnstration of improved technology in the cultivation of winter and summer crops for high¢r
productivity;

— dempnstration)of effective rodent control methods.

Before the start of monsoon, the area with the dunes was fenced. After a few good showers, one-yeaf-
old seedTings of Acacia tortilis (Israeli babool) and Prosopis juliflora (Vilayati babool) were planted In
pits of 60 cm x 60 cm x 60 cm. In between the rows of trees, grass seeds of Cenchrus ciliaris (dbaman)
and Cenchrus setigerus (sewan) species were sown. Tree seedlings were planted 5 m x 5 m apart, with
a nearly 100 % success rate. Simultaneously, micro-wind breakers were erected against the wind
direction by using the locally available brush weeds. It has been estimated that the plantations on the
dune will make it possible for the farmer to obtain 5 tons of fuelwood per year after 10 years and 1 ton
of grass per ha per year, as well as providing a significant reduction of sand movement. Both winter and
summer crops can be grown with watershed management techniques.

8.6 Results

A total number of 12 694 plants of Acacia tortilis, 6 210 of Prosopis juliflora, 165 of Acacia senegal
(kumat), 112 of Acacia nilotica, 14 of Dalbargia sissoo (shishum) and 8 of Azadirachta indica (neem) were
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planted. Tree plantation was done in strips of 10 rows for plantation of the Cenchrus species of grass.
A more than 90 % survival rate of the tree seedlings planted was recorded along with a fairly good
establishment of the grass. The project gave good returns over the 10-year rotational falling schedule
of timber and income from various varieties of fruits. Farmers especially liked the gola and Seb ber
(Zizyphus manritiana) due to higher commercial value of the fruits. About 5 000 seedlings were planted
in the fields of different farmers in five villages. The plantations were raised under unirrigated as well
as irrigated conditions using sweet and brackish water. These were also raised on sloping, unlevelled
and rocky areas.

On the farmer’s own initiative, another sand dune of 2,7 ha area was selected for plantation of the above
tlEee species on top-side and budded ber on the down-slope side. Improved grass species werg sown in

between the plant rows. Along the periphery, a wind strip was planted adjoining the bouiidar]es of the
field. Here, 300 new budded ber plants (Zizyphus nummularia) were planted and 400 local rdotstocks
were budded. There was a good demand for these fruits in the commercial market.

Al water harvesting technique was used in crop production with the proper usé’of simple terracing,
cpntour furrowing and bunding techniques. This permitted higher water setention by arrefting the
speed of the rainwater flow. A harvest of a seasonable crop of coarse grainin the catchment area below
nd pulses on the flat sandy area above was made possible as well as reduting sand erosion. With proper
ce of reclamation techniques and water harvesting, the eroded land ¢an be put to productive use.

(=

[ summary, the main interventions undertaken were:

- fencing off the area;

- establishment of micro-wind breaks on the windward side (5 m chessboard or in 5 m parall¢l strips);

- sowing of grasses and transplanting of trees and. shrubs with the onset of monsoon:

— use of local shrubs/bushwood materials: Khimp (Leptadenia pyrotechnica), Pala (Ziziphus
numularia), Sania (Crotalaria burhia) and Murah (Panicum turgidum);

— tree species such as Acacia tortilis, Prosopis juliflora, Acacia senegal (kumat), Acacid nilotica,
Dalbargia sissoo (shishum) and-Azadirachta indica (neem) were also suitable;

— subsequent studies show_that the tree varieties such as Acacia senegal, Tamarix afticulate,
the grasses Lasirus sindicus, Cenchurus ciliaris, and the creepers Citrullus colocynthis|are also
suitable.

7 Lessons learnt and benefits

F such sandy-areas and growing grasses, shrubs and trees on these dunes, which were previously
hproductive,-have been adopted by the farmers. The success of the programme can be meapgured by
e fact thiere was accelerated demand for seedlings, seeds, etc. The majority of the farmers have gained
full knowledge about the reclamation techniques. More than 50 000 seedlings of different species of
plants were planted in one season alone. The biggest impediment was the lack of availability ofsaplings.
Thus) a proper nursery for the growth of plant saplings can be established beforehand. Most of these
plants were planted in strip formation and also served a purpose of acting as windbreakers and shelter
belts. Prosopis Cineraria has also been highly recommended in later studies.

8
About 58 % of tliejdrea in western Rajasthan is under sand dunes. Techniques for the stabilization
0
u

=+

On marginal and sub-marginal lands, where crop yields are low and soil conservation hazards high,
farmers were motivated to use such lands as pastures and rangelands for animal rearing. Grass species
such as Cenchrus ciliaris and Cenchrus setigerus were found to perform very well on these lands. Farmers
also realized the importance of growing improved grasses on a small portion of the land of their farms,
as well as on all community grazing lands for the pasture development programme.

©1S0 2022 - All rights reserved 27


https://standardsiso.com/api/?name=24930a637625b41509085244a4f311a4

ISO/TR

14055-2:2022(E)

8.8 Conclusion

Sand dune stabilization can include watershed management, shelterbelts and rodent control. Such a
programme can be an integrated programme and can include components such as growing tree and
grass species to stabilize the sand dune, and the management of crop lands to collect and recycle the
run-off from the rocky and sand dune catchments.

With these measures, the mortality of trees will be low and grass growth will be good. Wheat and coarse
grain can be grown on cropland with supplemental irrigation. Growing fruit trees by using traditional
rootstock will bring great economic benefits to the farmers, as these will make plants hardier.

Sand dune stabilization can involve considerable investment for fencing, seedlings, grass and irrigatid
facilities| and mechanized implements, which are beyond the means of poor farmers with very._sm3
landholdings. It benefits from government support, considering the overall advantagesof“savir
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programme on the stabilization of sand dunes in the arid regions of the ¢euntry, which
ed one of the largest successful programmes in the world.

e study D — Water supply for irrigation and household-use in cold deserts

neral

erts in India are located in the remote northwest Himalayas in India, in the state of Himach
and Union Territory of Ladakh (see Figure 16), located at an elevation between 2 700 m {
There is an extreme seasonal variation in weathef'in the cold deserts, ranging from a short, dr
, arid summer with the temperature reaching36 °C to a long, windy, freezing winter reachiy
hese areas exhibit highly arid conditions witlan average annual rain/snowfall of nearly 50 m
m. As a result, more than 77 % of the total area in these cold deserts is wasteland. Water
he of the population living in cold desefts for survival, food and livelihood in the cold desert]
the availability of water is very defi€ient for agriculture, silviculture and household use. It
lise of drudgery for women, whaobring water from far-off springs for household purposes. TH

ive successfully tried to augment the water supply during lean months.
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Photo credit: https://commons.wikimedia.org/wiki/File:Nubra Valley 2.jpg.

Figure 16 — Cold desert topography seen in the Nubra valley, Ladakh
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9.2 Context

9.2.1 Location

Cold deserts in India are located at the remote northern end of Himalayan ranges which lie between
Kinnaur district in the south to Ladakh district in the northwest (see Figure 17).

D Himalayas 1 Ladakh

. Himalayan main range 2 Kinnaur

NOTE Base maps:
Nie et al.[32],

Figure 17 — Location of cold deserts in the Himalayan ranges

9.2.2 Physical features

9.2.2.1 Climate

These areas experience a large seasonal variation in weather ranging from a short, dry, cloudless, arid
summer with temperature reaching 36 °C to a long, windy, freezing winter reaching -32 °C.
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The region is not affected by the Indian monsoons as they lie in the rain shadow of the Himalayas. This
results in highly arid conditions and an average annual rain/snowfall of only nearly 50 mm to 100 mm.
The area experiences freezing winds and burning sunlight. Consequently, in some places, if a person
sits in the sun with their hands in the shade, they will experience sunstroke as well as frostbite at the
same time.

9.2.2.2 Topography

Ladakh is one of the highest cold desert plateaus in the world. The natural features mainly consist of

h]gh mountains-and-deep va”ayc The inhabited areas-in these cold deserts are located-at an elevatign

between|2 700 and 5 006m.

9.2.2.3 | Soil

The soil ils shallow to very shallow in depth. There is avery large variation in texture, colout;permeability
and structure, depending on topography and vegetation. This soil is called “skeletal soil”, having gn
admixtufe of rock fragments due to withering of rocks and colluvial material (loose, unconsolidatgd
sediments that have been deposited at the hillslopes) and permeability is very large:

Nearly 77,4 % of the total area of these cold deserts is wasteland. The net_cultivable area is nearly
0,16 %. Pnly 20 % of the cultivated is irrigated and rest is the fallow land< There is little vegetatign
cover in|cold deserts, which is getting depleted due to overgrazing and harvesting. This results |n
desertification and creation of more wasteland and increased soil erosion. By mid-June, there is excess
of water|and even floods due to the fast melting of snow and glaciers in the mountains. All farming
operatiohs end by mid-September.

9.2.2.4 | Natural vegetation

There isfa prevalence of xerophytes in cold deserts. The‘frozen soil of the cold desert results in shallow
roots and lowly plants. At lower elevations, much*of the area is covered by desert and semi-desert
plants. Steppe vegetation is found at middle elevations from 5 000 m to 5 400 m. Alpine grasslands form
anarrow belt above the steppe vegetation and extend as narrow strips near glaciers.

Herbacepus species were most common in all elevation bands (84 % to 100 %), followed by shrubs (3 %
to 10 %)| and trees (3 % to 12 %). The proportion of herbs and shrubs reached a maximum at altitudes
from 3 4P1 m to 3 700 m, whereas the\maximum tree species was between 3 100 m to 3 400 m.

(¢

Vegetatipn changes gradually from alpine meadows (Kobresia, Cares, Potentilla, Nepeta, etc.) to stepy
vegetatign (Caragana, Artemisia, Stachys, Ephedra, Stipa, etc.) with shrub land (Hippophae, Myricari
Salix) alpng river courses:Even the diversity of woody plant species is fairly high, and more thgn
75 specig¢s of trees and¢shrubs have been reported from the region.

kel

Other typical cold desert plants are Leontopodium brachyactis, Saussurea bracteata, Draba lasiophyll
Corydalig govaniana, Nepeta longibracteata and Saxifraga flagellaris.

=

K

Human settlements are always located around glacial streams, which help them grow crops such wheg
barley andegetables, and fruit trees such as apricots and apples. Trees such as poplars and willows
also grow around these settlements, which provide them with timber and firewood for cooking.

9.2.3 Socio-economic features

The socio-economic conditions of the population in the cold desert regions are not good. About 63,8 %
of the population comprise marginal households with an average land holding of 0,25 ha to 0,75 ha of
land. The net cultivable area is nearly 0,16 %. Only 20 % of the cultivated land is irrigated and rest is
fallow land. Thus, farmers are compelled to do subsistence farming. The per capita income of target
group is on average 47 % lower than the national average. Agriculture and animal husbandry are the
main source of income. Cultivation is only possible in the summer months.
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Soil and climatic condition allow only irrigation-aided agriculture. The majority of land holdings
of small farmers is fallow in the absence of irrigation and lack of resources to develop this land. As a
result, they have to engage in pastoralism to supplement agricultural income. This further aggravates
the condition of the land due to overgrazing. Almost 70 % of pastures are facing degradation. There
is hardly any Income from small agriculture land as most of the produce use for the personal use. For
cash income people work as seasonal labourers for construction/maintenance of roads. Due to poverty
and scattered nature of habitat, the small farmer and marginal farmers remain marginalised, as well
as illiterate, and suffer malnutrition. By mid-June there is excess of water and even floods due to fast
melting of snow and gracious in the mountains. All farming operations end by the mid- September.

There is little vegetation cover in cold deserts, which is getting depleted due to overgraking and
hhrvesting. This results in desertification and the creation of more wasteland and indréased soil
erosion.

e}

2.4 Interested parties

—3

he key interested parties are the village communities and women-led water and sanitation cornmittees
1) the villages of Ladakh, Lahaul and Spiti in the northwest Himalayas in [ddia. Other interestef parties
cpmprise non-governmental organisations, specifically the non-profit. organization Pragya office
i Gurgaon, India, and their Water Access and Wasteland Development (WAWD) pilot project in the
Western Indian Himalayas, and the Whitley Fund for Nature[39],

—e

Ijportant innovation leaders are Mr Sonam Wangchuk, the Ice Stupa inventor, and founding|director
of the Student Educational and Cultural Movement of Laddkh;, India, which implements the lce Stupa
pfFojectsl3¢l; and Mr Chewang Norphel (Ice Man), the artificial glacier engineer and designer| Ladakh,
Indial33,

.3 Land degradation problems faced

9

Glacial flood streams are the main source; .0’ water. Water channels get filled with clay in|summer
and are damaged by avalanches in winter, However, due to climate change, the situation is Hecoming
plecarious. Streams and springs are drying up and evaporation losses are high. As a result of|arid and
water-less summers, water resource€s-are depleting, crop yields are decreasing and arid c¢nditions
are becoming accentuated. Due t0 the low water retention capacity of soil, percolation pondp are not
stniccessful.

I} order to improve the socio-economic conditions in these very harsh and fragile ecosystems, there
cqn be activities for impreving the supply of water for irrigation as well as for human conspimption.
omen have to travel 2. km to 3 km to collect water for their daily household requirements.

914 Objectives

The maincobjective of the projects was to improve water supply for irrigation and household use,
efpeciallyrduring the summer months. There is no rain and temperatures are as high as 36 4C. There
i a critical use for water for the newly planted agriculture crops as well as fir trees, especially in the
areas which do not have perennial glacier melt water streams.

9.5 Interventions

Several multi-pronged strategies[2211301[331[361[37] have been used to improve the water supply in these
areas for irrigation in the dry summer months, both for agriculture and household uses. These include:

— planting native trees, shrubs and herbs above the outlets of springs and the construction of trenches,
snow pits, bunds on higher up slopes and construction of infiltration trenches at still higher slopes,
in order to increase the accumulation of snow and reduce the run-off of snow melts, and also to help
in recharging of aquifers, which are the main sources of water supply to the springs;

— construction of snow reservoirs for the accumulation of snow during the winter season for the
production of water during the summer season;
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— creation of an artificial snow glacier or snow pagoda during winter for a supply of water during the
summer months;

— installation of snow fences for the accumulation of snow during high velocity wind in the winter
season;

— use of solar energy for pumping water from the aquifers for irrigation.

9.6 Results

9.6.1 jugmentation of water supply to water spring

The village of Sakling is situated at a height of 3 755 m in the district of Lahul and Spiti. The only,sour¢e
of drinkjng water is the spring which is situated nearly 2 km above the village. Due to priegressiye
desertification of the area, the spring flow was reducing. In order to increase the flow.of water, gn
augmentation of water supply to the water spring in the village of Sakling was carried out, wherelyy
nearly 20 snow pits of size 1,2 m x 0,9 m x 0,9 m were dug just above this spring. Vegetation and shrulps
were alsp planted above the water spring to arrest the runoff. As a result, water@vailability increasgd
during the summer season due to the melting of snow in the pits and recharging of the aquifer whigh
feeds the spring.

9.6.2 (reation of snow reservoir

Daman yillage in the district Lahul and Spiti is located at a height\of 4 269 m atop a ridge. In winte
temperafures go down to -23 °C. The topography is undulating and vegetation cover is sparse. (A
total of 5 houses in the village are engaged in subsistence‘dgriculture and pastoralism. Snowmelt fis
the only|source of irrigation for the fields through mud cidnnels. About 40 % of the village land was
wastelanid due to the non-availability of irrigation water. In order to increase the irrigation wat¢r
supply, aj]snow reservoir was constructed by the village.community to harvest abundant snowfall in the
winter ahd harness the melted snow water in summer for irrigation and drinking purposes. A reservojr
was constructed 2 km from the village at an elevation of 4 389 m. The bed of the snow reservoir was
construdted with a gentle slope towards the.yillage. A wall was constructed on the sloping end of the
reservoil. The wall was 59 m long, 2,5 m:wide and 2,5 m high. This reservoir can irrigate 1 km?2 pf
agricultyre land area to benefit the population of the village. Water scarcity was reduced to the extent
of 70 %. [n addition, it helped the recharging of the aquifer.

=

9.6.3 (reation of artificial snow glacier or ice stupa

In order|to meet the requirements of water in the crucial months of April and May, an artificial snow
glaciers/[pagoda was created in a Ladakh village in the winter seasonl3¢l. This was done by directirjg
the watefr from a perennial upstream water stream with the help of pipes to a place where the artificial
glacier was to be created, using a natural gradient in the winter season. A sprinkler was used to spray
water o1] a scaffolding to create a conical shape glacier, as a result of the low surrounding temperature
(=20 °C tp -30-3€). Due to the conical shape of the glacier, the melt rate of snow was approximately fiye
times sldqwetthan that of naturally formed ground ice. The reason for this was the smaller surface arga
of the pagoda facing the sun. An artificial ice stupa/artificial glacier, 6 m high, was created by freezing
150 000 1 of water. It was found that this ice stupa did not melt till 18 May that year, even when the
temperature of the surroundings was above 20 °C. In view of the success of the project, the target for
the year 2020 was fixed for constructing 25 such ice stupas.

An economic evaluation of the action was carried out. Poplar and willow trees in Ladakh use 10 I of
water per day in the summer months. These trees reach a maximum height in 5 to 6 years. A full-grown
tree can be sold at a price of USD 120. One ice stupa can sustain up to 200 000 trees through the dry
months of April to June. Even with 50 % mortality, this will be 100 000 trees. Income from these tress
will be USD 12 million. This amount will be equal to 100 times the return on investment in five years.
The cost of water through ice stupa will be 1/20 of the cost of water from the cheapest reservoir built
by the government. This technique has been appreciated all over the world[3Z].
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9.6.4 Snow fences

In Kardang village in Lahaul Valley, extremely high velocity winds do not allow the snow to accumulate
on ground, even in a large depression above the village. A fence 2,6 m high was installed along the side
of the depression above the village to a length of 30,5 m with the gabion wall at the bottom. As a result,
blowing snow was accumulated, and settled snow became compacted with the mass. This resulted in
the prolonging of the melting period and provided water for irrigation as well as charging of the aquifer
during summer months.

96.5 Use of solar enerov for numning water from aaguifers
5 P T

n

blar pumps were installed in Chuchut and Umla villages in Ladakh for pumping subsuxface yater for
lhe irrigation of a vast tract of barren land. A solar panel array of 1,2 kW was used‘to run| a multi-
stage pump with a dynamic head of 51,8 m. It had a capacity to pump 7 000 I of water from subsoil for
ifrigating 1,06 ha land in the village of Chuhut. It also supplied drinking water te-72 households, even
dpring the winter season.

(=

milarly, a 900 W solar pump was successfully installed at Umra village to_pump 3 000 | of Water per
hy for providing water for irrigation and drinking water supply.

Q. Wn

[npstallation of these solar pumps to pump water from the aquifers managed to increase the profuctivity
of the land, and increased the agricultural output and income of Households in these villages. They also
provided drinking water to the households. As a result, the dailydrudgery of the women in th¢ villages
was significantly reduced. Otherwise, they would have to travel many kilometres daily to fetch water
fqr household use.

\O

7 Lessons learnt and benefits

wn

bveral benefits resulted from the different interventions as described above. These technigues and
ssons learnt can be replicated in similar agro-climatic regions in different parts of the world. Some
pservations are as follows:

o o

— Water is the lifeline of populations-living in cold deserts for survival, food and livelihodd. These
areas have one of the harshestelimatic conditions in the world. Climatic conditions oscillate[between
extremely a severe winter and-a very dry and harsh summer.

— Due to extreme arid conditions, the major part of the land is fallow.

— Fallow land can be .made productive and productivity can be increased by using innovative
technologies for’the generation of water from natural snow in the critical dry summeyf months
for irrigationCand drinking purposes. This can be done by storing snow in winter and ysing the
melt waterin) summer. Artificial glaciers/ice pagodas and snow reservoir technologies hhve been
successfully tried in cold deserts.

—+ Thewwater output of natural springs can be increased/made sustainable by using technologies such
as 'shiow pits and snow trenches.

scanbe used where waterisavailable in dee

9.8 Conclusion
The conclusions are as follows:

— The rejuvenation of fallow lands and an increase in agriculture and horticultural productivity are
vital for populations living in cold deserts, which have one of the harshest climates. This can be
accomplished by technologies such as artificial glaciers, snow reservoirs and snow fences.

— Increased production of grain and horticulture produce will increase the income of the households.
This will result in improved socio-economic conditions of the most deprived section of the society
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living in these inhospitable regions. It will also stop the seasonal migration for road-making and
repair work.

— Acontinuous water supply throughout the year for household use is extremely important for survival
as well as for reducing the drudgery of women, who otherwise have to travel long distances to fetch
water for daily use. This can be accomplished by the use of snow pits and trenches to rejuvenate
water springs and the use of solar pumps.

— Commercial activities such as timber growth and horticulture can be successfully undertaken by
using artificial glacier technology.

Global wprming is adversely affecting the ecosystem of cold deserts, and, as a result, the already fragile
ecosystelm is fast deteriorating and creating more hardship for the people as well as livestock. Thefe fis
an urgent desire for adaptation interventions.

10 Casp study E — Food security and value chain analysis for critical,coexistence
landscapes: The case of Pandamatenga Farms, Botswana

10.1 Gdneral

Land degradation is a global problem for the twenty-first century because of its adverse impact gqn
agrononlic productivity, the environment, on food security (and food‘waste) and the quality of life.
It is largely related to agricultural use, deforestation and climaté change. The strategy for slashing
poverty pnd hunger on the African continent accelerated the rapid growth in the agricultural sectdr.
This occprred in an unprecedented demographic context, as aidirect consequence of this exponentipl
populatipn growth due to more mouths to feed. As an intervention measure in Botswana, the
Pandaméatenga commercial farm cluster was established as a commitment of the private and publjc
sector adtors in 1984.

The cas¢ study area in Pandamatenga is located“in the northeast of Botswana and covers over
20 000 km? of land allocated to 54 commercial farmers. The Pandamatenga region occupies 280 380 hp,
while the¢ farms cover 45 074 ha of the total axea in the plains. The farms here produce sorghum, maizg,
sunflowgr, cotton, cowpeas/beans, millet-and wheat crop which contribute to the food security of the
country.

The Pandamatenga Farms in BetSwana promote the use of agro-chemicals, technology and
infrastrycture to maximize yields"to answer challenges of increasing population and greater fodd
demand.|The declining soil fertility is a key land degradation challenge. The use of agro-chemicals cgn
increase|the land producti¥ity in the short and medium term, but it is not an appropriate long-term
treatment. In a 2008 appraisal report(38], potential negative impacts included potential pollution pf
soil and water from these of agrochemicals, occupational health and safety issues for farm workers,
non-targeted impactstof pesticides on wildlife, potential transboundary impacts from return drainage
waters, health impacts from the influx of seasonal workers, increased pressure on the community
infrastructuresi. These are posing serious challenges on future food security. The objective of the
interventionis was to decrease vulnerabilities to food security and climate change to strengthen rural
livelihooldsZas well as establish co-existence with wildlife. This is consistent with aspirations of land
degradation neutrality (LDN) to improve ecosystem services and human well-being.

A value chain approach was used to enhance livelihood benefits for the rural poor and create integrated
market opportunities. In an agricultural value chain, the range of activities and the actors involved
from production to final consumption of the agricultural product is identified, and the relationships
described through the flow of products and information along the supply chain by capturing the value
added in each stage. The approach involves the stakeholders linked to markets to potentially overcome
market failures and government deficiencies that affect competitiveness and quality standards. The
analysis helps to identify change agents and leverage points for interventions.
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10.2 Context

10.2.1 Location

Pandamatenga Farms lie within the Kavango-Zambezi Transfrontier Conservation Area (KAZA
TFCA), which offers more than 519 000 km? wildlife and natural resources. The resources are a
diversity of ecosystems and landscapes. KAZA TFCA is situated in a region of southern Africa where
the international borders of five countries converge. The farms are located in the northeastern part of
Botswana in the Chobe district (see Figure 18).

6
5
2 7

3+ 4
Key
1| Botswana 4  Pandamatenga village
2| Chobe district, Bostwana 5 Angola
3| Pandamatenga Farm area with electric fence 6 Zambia

surrounding farm plots 7 Zimbabwe
NOTE Base maps;Http://equal-earth.com; African Development Bank[38l; B.B. Mathangwane, Mjinistry of
Apriculture, Botswana.
Figure 18 — Location of Pandamatenga Farms, Botswana

102:2' Physical features

The regional weather is associated with periodic droughts, extreme events such as flood, frost and high
susceptibility to fire. The area has a relatively higher average rainfall (of at least 27 % chance) during
the growing season, which significantly increases productivity. The summers are hot and moist with
mild dry winters. Rainfall is variable with an average of 600 mm.

The Pandamatenga region is formed by flat plains, with gentle slopes.

The soil is dominated by vertisols (clay soil) which is a potentially good farming soil. Its physical and
chemical properties make the soil very difficult to work with during dry seasons when it can become
hard, cracking clays. In the wet seasons, the clays become sticky and swell, providing poor drainage,
and on a gentle slope become prone to flooding. The poor soil drainage and high water retention on a
gentle/flat slope make the area prone to flooding.
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All the above characteristics give the area potential for rain-fed arable farming or dry-land farming of
cereals (such as Sorghum) product, which is a crop of marginal and vulnerable areas that are highly
susceptible to the changing climate. Generally, in contrast, its weather is associated with frequent
droughts and other extreme events, such as flood, frost and natural disasters, such as fire.

The Pandamatenga Farms also lie within the KAZA TFCA, which comprises more than 519 000 km? of
wildlife and natural resources. The resources are a diversity of ecosystems and landscapes. KAZA TFCA
is situated in a region of southern Africa where the international borders of five countries converge.

10.2.3 Socio-economic features

The poptilation of Botswana has been estimated to have increased almost twenty-fold between 1901
(120 00( persons) to 2016 (2 250 260 persons), i.e. in just over a century. The rapid populationfincreage
has rendered the traditional systems of agriculture inadequate to cope with the high demahd for crdp
land.

Pandamatenga village has a population of about 1 750 residents, made up of a multi-ethwic group, main
BaSubiya, and also BaTawana, BaMbukushu and BaYeyi, BaKalanga, Ndebele, and white Afrikaan
The landls around Pandamatenga are under an existing legislation governing the administratid
and marlagement of tribal lands in which both commercial and communal (farming takes place. This
farming[is practised by families, companies and individual farmers, in both large and smallholdings.
The ecornomic activities in the area are dominated by crop production, livestock production and wage
employnpent; big and small holding farms; and adequate access to far inputs.

S <

The arealhas experienced the intensification of food production afid Would benefit from better and mogye
sustainaple farming methods. A government initiative to commercialize farming was the conversiqn
of cattldg posts and wildlife management areas into Pandamatenga agro-based cluster farms. Ifs
establisiment emphasized the agricultural value chain finance (AVCF) approach, which is a financipl
approach/instrument for agricultural and agribusinesgs\financing.

This approach promoted flows of funds to and within a value chain to meet the desires of chain actofs
for finanice and sales, and to improve efficiency, These linkages allow for financing to flow through the
value chpin, enhancing financial access withi.reduced agricultural costs and financial risks through
insurande, grants, subsidies and loans. The’development of value chains, in turn, led to outcomegs
such as poverty alleviation, meeting national cereals demands and reduced the food importation bill.
Additionflly, this created jobs in the tourism and agriculture related sectors.

Both commercial and communal-farming takes place in the lands around Pandamatenga undér
existing |legislation governing~the administration and management of tribal land. These farms are
leased through tendering pracess by the Ministry of Agricultural Development and Food Security dn
behalf of the Chobe Land“Board, which then directly allocate land to individuals. The lease payments
status fgr the commergial farms is done to the Ministry of Lands. Other key stakeholders, in additign
to the ggvernment,are the private sector, communication, NGOs/CBOs, banking/financial sector, and
energy and water sectors. The area has diversified economic activities, mainly in three domains: crqp
productipn, livéstock production and wage employment.

adequate supplles exist for sale to customers It also prov1des agrlculture inputs such as fertilisers,
including bio-fertilisers, seeds and stock feed.

10.2.4 Interested parties

Stakeholders can be divided into internal and external interested parties. Internal stakeholders
can be employees, contractors, clients, customers, suppliers, unions and worker representatives.
External stakeholders can be regulators, shareholders, neighbours, communities, local authorities and
government agencies. The stakeholders can be placed within a value chain model to enhance/optimize
sustainable production and benefits to all. Aside from the farmers themselves, the stakeholders are:
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local authorities, government ministries, communities, suppliers, employees, contractors, clients,
customers and financiers.

The different roles that stakeholders play, as influencer, provider, governance authority and user, at the
various stages of the agricultural and food production value chain were categorised (see Figure 19).
Examples of key stakeholders are the private sector, such as agro-chemical suppliers, parastatals such
as the BAMB, financial sector, and the energy and water sectors (see Table 1).

Customers

Stakeholders Employees

Suppliers

Figure 19 — Types of stakeholders in the AVCF instrument

Table 1 — Examples of internal and external stakeholders in the AVCF instrument

Internal stakeholders External stakeholders
—+ clients and customers — suppliers
-+ employees and contractors — creditors
—+ unions and workerrepresentatives — local authorities and government stakeholdprs
+ legislative and fegulatory bodies — certification bodies
-+ owners (pastners/investors) — public groups
-+ customers/end user — neighbours and communities
-+ suppliers — agricultural input companies (such as seedjand

fertilizer companies)

— agricultural retailers

— farmers and ranchers

— agricultural credit institutions

— crop consultants and advisors

— aggregators

— processors

— distributors

— transportation and refrigeration companies

— ingredient manufacturers
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10.3 Land degradation problems faced

10.3.1 Types of land degradation observed

Land degradation and desertification are fundamental and persistent problems that have long been
recognized in the Pandamatenga Farms. The land degradation issues have varied processes, as follows:

Other agfriculture-related problems are as follows:

38

The poorly drained soil and flat terrain often result in water-logging and severe floods during heavy
rains. The dominance of vertisols results in problems with soil alkalinity, salinization and plant

injury

Soil fertility mismanagement during production and pesticides/herbicides use. The degradation
soil fertility affects the soil health; an appropriate chemical application is key.

Declfine in land productivity due to poor land management, which reduces its capacityt6 carry ot
basif services such as food production, its economic value, and biological and cultural diversit]
Thege pose a threat to productivity growth and food security which is fundamentally influencg
by efonomic, environmental and institutional factors. Hence the implementation of climate sma
agritulture (CSA) practices.

Biodiversity loss due to the demand for more space to cultivate to deakwith the increased deman
for fpod, which is always accompanied by an increase in soil pollution;leading to stunted growt
and jpoor development, and later plants wither and die, and autom@atically incomes reduce. Hend
the introduction of agriculture insurance and relief/emergency-costs programmes and adaptatid
of cdnservation agriculture.

Therte are frequent hazards of droughts and wildfires, réquiring disaster risk reduction measurey.

Pooy crop productivity due to low levels of . Warning systems about climatic hazards (floo
uncqntrolled fire, droughts) to provide added value information to decision-makers giving technic
advifre. Hence, useful actions can promotesinformation sharing and improve access to skills ar
knoyledge through capacity building aiid networking with outsiders within the region. Thej
actigns can be classified as disaster risk'reduction measures.

Agricultural yield losses and posttharvest losses, due to both biotic and abiotic factors, which redug
the quality and quantity of thé harvest during harvesting, system of processing, storage, handliy
and marketing. In addition, ‘crop damage by pests, such as animals, birds, insects and worms. Th
decrjeases profit from investment, which creates an importation deficit and has a bearing on t}
food|security of the peeple in the affected area through losses on the storage grains caused by biot
(insg¢cts bacteria, rodents, fungi, mites) and abiotic (inappropriate moisture, temperature, lack
sunljght) factors¢

Poo1f market‘development due to unreliable climatic conditions, leading to low productivity, po
systems foprdisseminating improved varieties and lack of a functioning marketing system to lin
smallholders’ producers with domestic and international markets. Hence, building the capacity
small-se¢ale producers and other partners in the chain to support growth towards maturity in tH

hl
d
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e
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value chain. Good governance developed markets (i.e. BAMB) and enough capital, making it easy for

enterprise to fulfil their contract with farmers.

Poor value chain development due to food loss and waste along the food chain stages. This has led
to poor monitoring weakness in the chain that can increase financing risk at all levels. There were
insufficient agricultural safety nets for rural people livelihoods (diversification). Hence, there can

be a useful focus on targeting and monitoring of returns on investment.

Lack of quality recognition of markets, in particular, related to phyto-sanitary norms and standard

S.
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10.3.2 Drivers of land degradation

Important underlying drivers of land degradation in the farms include land tenure, poverty, population
density, and weak policy and regulatory environment in the agricultural and environmental sectors.

The drivers of the land degradation are identified as:

— demographic changes and consumption patterns arising from health requirements, food access and

price;

haVaVal
PooTr ot g Srre o S pProt T Tt (5] TO T CIT O T UISTITY;

— poor communications network due to poor infrastructure (impassable roads, no electr
telecoms connections);

— poor access to capital, financial assistance, research/information and markets;

— old policies that lead to mismatches in meeting current requirements and }imiting transf
initiatives.

I addition, there were limited public-private partnerships for enhancing any value chain ben

[y

0.3.3 Risk of future land degradation — Resilience

0.3.3.1 Land degradation

il erosion, changes in the soil structure, plant coyer being lost and water loss that leads ta

1
The results of these issues on the land and the envirgninental degradation include loss of soil
s
bepcoming less supportive, such as:

- reduction in productivity, and therefore a:decline in the productive resource base of the e

— environmental effects such as ground water and surface water contamination, air polly
global warming are of growing concern owing to increasing consumption levels;

— land degradation also has serious knock-on effects for humans, such as malnutrition, diseas
migration, cultural damage, resources conflicts and even war;

— rapid population growth/leads to environmental changes, and creates unemployment for
women.

[y

0.3.3.2 Challenges/constraints

—3

he key challénges were related to environmental issues (see Table 2):

- flooded/fields due to flat terrain and poor drainage, which suffocates crops and hence redu

— @usty roads, which hamper transport logistics and are difficult to use during the wet seas

city and

brmative

bfits.

fertility,
an area

onomy;

tion and

e, forced

men and

Ce yields;

bn;

— crop damage by birds: Pandamatenga is situated adjacent to a forest reserve which is a
area for wild birds, mainly quelea birds, which can reduce crop yields;

reeding

— human/wildlife conflicts: damage to crops and infrastructure by pests and wildlife roaming onto

the farm (mitigated by structures such as electric fences).
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Table 2 — Factors affecting ecosystem functions/structure

Natural factors

Anthropologic factors

Weather/climate — Drought Land use change — Deforestation
— Extreme events, e.g. floods, — Conversion of grassland to
frost cropping
Topography — Slope/terrain Unsustainable — Thinning
forest practices
— Ground cover — Harvestregimes
— Forest cover — Inappropriate afforestatipn
— Illegal logging
Soil proplerties — Physical Unsustainable — Overgrazing
agricultural
— Chemical practices — Over cultivation
— Biological — Excessiye fertilizing
— Irrigation use
—  “Ower-intensification, fire
Natural disaster — Fire Mining —£)"Contaminated water
and land
Demographic — Population increase
pressure

Increased urbanization
Waste pollution

Infrastructure development

10.4 Objectives

The projgct objectives were to:

— improve food security through improved land management;

— enhdnce supporting rural livelihoods to enhance livelihood benefits for the rural poor;

— creafe viable market opportunities for agricultural produce through the AVCF approach;

— elicif stakeholder participation and collaboration for effective farming clusters;

— estaplish co-existence with wildlife in the surrounding forest and nature reserves.

The spefific «objéctives are to maintain/improve productivity, decrease vulnerability to clima
variabilify,and maintain or improve ecosystem services. Thus, the project objectives are consistel
with LDI targets on food security, human well-being and healthy ecosystems through increasing gains

[e
ht

from the land.

The project success was measured through reduced crop damage through erection of electric perimeter
fence and bird scaring technologies. Improved accessibility within the farming area and to the market
through improved infrastructure.

10.5 Interventions

10.5.1 Approaches

The interventions covered both soft and hard measures with stakeholder consultations, capacity

development and infrastructural improvements.

40
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A multi-stakeholder cluster approach was adopted through the value chain approach for enhanced
sustainable agriculture benefits. Stakeholder participation and collaboration is important in this
approach for formulating effective clusters.

The efforts for improving food security when in co-existence with wildlife systems can address
sustainability and key risks such as:

— weather/climate, e.g. droughts and floods;

— high reliance on risky rain fed agriculture;

an economy heavily dependent on exhaustible diamonds.

Thus, SLM approaches such as diversification of livelihood support systems, more targeted agr
r¢search and innovation, investments in agriculture support services, value chains and
infrastructure, are useful in support of the United Nations Sustainable Develdpment Fr3
(UNSDF).

|
d

[e

[y

@ =

an endeavour to promote and support commercial agriculture in Botswana, the governm
bliberate moves to re-direct extension services from being scatteredand disorganized sulpsistence
rmers towards organized commercial farmers.

0.5.2 Challenges and constraints

logistics and marketing costs are high due to scattered production;
heavy subsidy to competing crops and lack of farm inputs;

marketing is hampered by the poor_transport and road network system and infras
inadequate communication, lack of storage facilities, lack of adequate market support sery
questionable practices among some public marketing boards’ officials;

lack of a grading and standardization system within the industry;
lack of storability of grain during barber harvest;

poor image of sorghum and millets among consumers;
unavailability ofasuitable processing technology;

pest and diseases, e.g. grain mould, and poor quality of harvest;
nutritienal myths, e.g. high content of tannins, poor digestibility;

too;many intermediaries and lack of transparency and traceability, or multiple intermedis:
lack of transparency and traceability, in smallholding farmers;

icultural
market
imework

ent took

here were many challenges and constraints identified, espeoially through the AVCF, mainly due to the
kisting practices and conditions:

[ructure,
Fices and

hries and

high amount of food wastage and losses in the food chain;
civil society weakness, resulting in lack of development of inclusive value chain;

lack of poverty reduction and growth opportunities in rural areas;

low productivity and quality of the produce, where product quality is a problem due to poor product

handling;
lack of consistent, uniform quality of grain supplies;

limited capacity and resources;
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NOTE The very poor lack assets and resources relative to others in their communities. Smallholders are
often less able to access services to help them increase those resources, such as credit.

— current farm management and post-harvest practices as well as lack of farm inputs;
— delays resulting from excesses of land border agents (phytosanitary and certification);

— high transportation costs and scarcity of resources.

10.5.3 Agricultural value chain finance analysis

An agricpltural value chain analysis was conducted which identified the agencies and actors invelvgd
in the prpduction and final delivery of the agricultural products from Pandematenga farms. Threeymain
stages wiere categorised in the agriculture-food chain link:

a) raw|material production, involving farmers, farms and suppliers’ inputs;
b) prodessing stages, involving food processing and packaging;

c) posttprocessing, logistics/transport, retailers and consumers, involving farmers, farms ard
suppliers’ inputs.

The diffgrent agencies and stakeholders contributing to these roles were identified (see Table 3). It fis
important to ensure full participation of key stakeholders throughout the value chain. The involvement
of the multiple stakeholders’ platforms in the value chain coordination enhanced the investment |n
goods and complementary investments, engagement in resoutcé‘providing contracts, allowed for
acquirement of shared competencies, and the achievement highrguality standards.

Table 3 — Example of the multiple stakeholders at different stages

Stage a) Stage b) Stage c)
Raw material production Processing stage Post-processing,
logistics/transport,
retailers and consumers
—| seed providers - ,“food processors — bakeries
—| fertilizer, pesticide and agre-\\|— suppliers of food additives | — supermarkets
chemical manufacturers;
— grain millers — grocery shops
—| machinery and equipment )
manufacturers; — bakeries
— packaging Suppliers — pasta manufacturers

—| transporticempanies

—| farmérs’ marketers and sellers

After analysis of the actors and systems in the value chain, the key interventions that can enhance the
effectivenessand efficiency of the value chailm among the Pandamatenga agro-based (armers were
identified as follows:

— Access to inputs: Farmers’ access to quality inputs from government subsides under the Integrated
Support Programme for Arable Agriculture Development (ISPAAD), improved technologies and high
yielding crop varieties have been found to increase productivity and net income. The government
ISPAAD programme support farmers with inputs.

— Access to credit and finance: Value chain finance is viewed as one of the most sustainable and
effective means for financial institutions to improve outreach to smallholders and other chain actors.
Financing enabled farmers to adopt improved technologies, raise productivity, and improve the
quality and efficiency of agricultural value chains. The National Development Bank (NDB), Citizen
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Entrepreneurial Development Agency (CEDA) and other commercial banks tailored their financial
products (loans and credits) to suit the requirements of different stakeholders in the cluster.

Access to insurance: The government establishment of agricultural grant scheme would help
farmers to mitigate their business from disaster impacts such as droughts, fire and others.

Access to markets: Regulated markets play a supportive role in the development of value chains
through farm-to-market linkage through contract farming (with the Seed Multiplication Unit) and
domestic support measures which the government put in place (for the BAMB to buy 80 % of the
produce from the Pandamatenga agro-based farms). Through the improved link to experienced

0.5.4 Infrastructure and technologies

extension services and market information, Tarmers can take advantage of market opporthnities.

Streamlining of local and national agri-supply value-chains: Improvement of the-Rartdamatenga
value chain is not effective unless other linked local and national value chains axe also ifnproved.
This is only possible through action at a national level, through agencies such as.the BAMB.

he interventions and technologies used included the installation of €léctric fences around farms,
faring birds that invade crops, drainage systems to de-water fields and improved infrastructure. The
ajor infrastructure works included the following:

Drainage improvements: The land is relatively flat, which makes the area susceptible to watgrlogging
when there is heavy rainfall due to inadequate soil draihage, and has particular soil cgnditions
such as duplex soil, which significantly reduced crop yield. Drainage systems were improvied to de-
water fields and to divert on-field waters through field bunds into the drainage channels/culverts.
Drainage and infrastructure development were fimided by the Government of Botswang/African
Development Bank.

Land management practices: The farms are'situated in the plains with few trees and ground cover of
grasses. When the virgin land was converted to agricultural uses, the cover was removed| As rain-
fed agriculture is practised, the cropgprovides the primary ground cover. Farmers were taught and
encouraged to practise conservation-agriculture, including mulching using crop remains|in order
to improve soil health and reduge soil erosion. Unsustainable land management such as overuse
of fertilisers and pesticides can result in pollution and deplete soil nutrients, which affect crop
growth and development;resulting in low production. Adoption of CSA practices was en¢ouraged
through extension edueation, provision of information and contacts. All the farmers practise rain-
fed, arable farming and-grow common crops such as maize, sorghum and beans. Scale-appropriate
farm mechanizatipn,can help reduce land mismanagement aside from reducing drudgery. Minimum
tillage is practised by many farmers.

Pest and diseases: The farms are surrounded by wilderness areas that provide habitats forjcommon
pests (suchas quelea birds) and possible sources of diseases. The government assists in the control
of diseases and pests (including quelea birds) of economic importance on behalf of the|farmers.
Crop-or'plant damage commonly leads to loss of crop productivity, and affects carbon sequé¢stration
in ‘the area. The farmers have adopted an integrated pest management (IPM) approagh for all
diseases and pests, including pests of economic importance in the area, which are controlled by

tiregovernment: Thisapproacit Teduces the egative fmpact to biodiversity- At a mmicro-scale, this
involves players such as agro-chemical manufacturers and suppliers, to minimize the crop damage
from production to marketing. An example of IPM is using drones or falcons to scare off birds that
invade crops. To keep out wild animals and protect the farms, electric fences have been installed
around farms, negating any elephant damage to crops.

Communications and logistics networks: The tracks between fields were gravelled to allow
access to crops during the rainy season and to facilitate the maintenance of the electric fence. The
Pandamatenga area is linked to Kasane, 100 km to the north, and Francistown, about 400 km to
the southeast by tarred road. An airstrip is available with three aeroplanes operating from it for
crop spraying. The construction of the infrastructure in the area interfered with the movement of
the water downslope. This led to flooding of the fields. The road infrastructure, however, improved
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communications in the area and access to the market. The government has sponsored the building
of grain silos for storage of the farmers’ produce.

10.5.5 Market-based interventions

In addition to the infrastructural projects and capacity development in use of newer technologies,
market and financial interventions were also generated as follows:

— Market access: The Pandamatenga Farms currently contribute to around 50 % of the country’s
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e farmers and the market readiness. The domestic support measure which the government
n place was to establish the BAMB to buy 80 % of the produce of the farm cluster. Produ
these farms is also sold to Foods Botswana (Pty) Ltd, a major retailer in food manufacturiy
distribution. The BAMB increased storage capacity by an extra three silos to acconimoda
gh grain storage, in order to cover the volume even during good production seasons. Throug

ke advantage of market opportunities. Access to markets reduced the cost of land degradatic
led to wider adoption of SLM practices. Surplus mung beans were expofted to Canada, Chiy
[ndia.

O S @ S5m0 o

rnment subsidies: These included subsidies/social transfers to faeilitate consumption in legn
pns, third-party quality assurance, strengthening the capacity of processors to minimize foqd
y concerns for cereal for the local market, wholesaling to/reduce marketing cost, agri-foqd
P chains which are expected to provide nutritious food to poor consumers through informatign
baigns, support to chain actors to reduce risk and.incentive production, processors and
hotion, and investments in local marketing and transpertation infrastructure.

o

ss to credit: It is well established that access to.credit plays an essential role in developmen
basing the availability of credit allows investment capital to be used by individuals ard
hesses, which leads to growth in economic.activity in Botswana. Financial institutions, such as
(DB, Barclays Bank, Standard Chartered Banhkand CEDA, provided supportto the Pandamatenga
ers.

[limate smart agriculture

hlue chain analysis was also- developed, which considered the weather, water and energy
s, and the application of nitvogen and carbon. The farming community adopted the approach to
h impacts of climate change. The interventions were to minimize the possible negative impacts
chain operations pn_mnon-participants and/or adjacent communities by creating new valye
'he interventions“identified focused on multiple local food chains to address nutrient gaps
art practices (see-Table 4).

Table 4 — Interventions for climate smart agriculture value chain

Aspect Interventions
Weather|smart — weather-based crop advice to farmers
— crop-specific insurance to compensate farmers’ income loss
— early warning system connected with mobile phones
Water smart — rainwater harvesting improve/control run off

— drainage management through water control structure
— cover-crop methods to reduce evaporation

— improved soil and water management
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Table 4 (continued)
Aspect Interventions
Energy smart — adopting improved cropland management practices, e.g. zero tillage/minimum

tillage to improve energy use efficiency
— reduces amount of energy
— improvement in water/nutrient movement and organic matter retention into soil

— improve post-harvest practice

— improve energy use in agricultural production

(Jarbon smart — intervention to reduce greenhouse gas emissions
— promotion of carbon sequestration
— sustainable land use and management (LDN)

— reduce deforestation and forest degradation

Nitrogen smart — intercropping with legumes to improve nitrogen supply and soil quality

— green manuring to improve nutrient supply and.$oil quality

— improved agronomic practices

[y

0.5.7 Resources for addressing the problem

—3

here were three main types of resources which were'provided to the farmers:

—+ Funds/finance: These were for capital expenditure, operational and maintenance costs| Diverse
funding sources and financial incentivesiwere provided (e.g. government subsidies/suretfies, local
and international financial institutions):

— Technology: Adaption and adoptien of appropriate technology was able to improve productjivity and
efficiency).

—+ Knowledge and human resources: Expertise and capacity development supported the community
in planning/forecasting;developing business portfolios and other relevant knowledge for the
workforce. CSA apprpaches were introduced.

[y

0.5.8 Project monitoring and review

—

he monitoring‘and review practices are based on:

- weather'\forecasts;

— eatly'warning system analysis and weather forecasts;

—+ “moisture level;

— monitoring the water quality in the drainage system;
— soil health and fertility;
— crop yields, in terms of production and productivity;

— grain quality analysis (based on moisture content, grain temperature, initial condition of the grain,
insects, pests and moulds);

— pestsurveillance, and analysis of pest and weed thefts;

— interventions forging;
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— vulnerability assessments at the market level.

10.6 Results

The focus on the holistic systems that integrate the entire value chain allowed for identification of
the key intervention measures, such as adoption of new technologies, new methods, good agricultural
practices and traceability. The interventions were successful in improving the overall productivity
and employment opportunities for the community. The Pandamatenga agro-based cluster farms
transformed from traditional production to a modern value chain system, anchored on multi-

stakehol
— agri

— impgoved risk management:

arpartioinatiog vt ooy ot nc and banafire ol ding.
SpatreipatoWitn ey etureome S ahtoeReritseraai s

fultural and rural transformation:

smart agricultural practices, upgrading of infrastructure and/or conservation agricultur
practices by farmers, and reduced water-logging, human/wildlife conflicts and crép’ damage &
wildlife and pests;

Fransition from traditional marketing chains to modern marketing chains;

focus on building efficiencies and controlling costs (e.g. switch from-traditional to high-valy
hgriculture, reduced food wastage during harvesting);

ncreased production and productivity due to market accessibility by farmers in the area, wit
cereal output meeting 50 % of the national demand;

yalue chains developed which resulted in outcomes such as poverty alleviation, meeting th
hational demand of cereals, elimination of abject pavérty and a reduced importation bill, an
which created jobs in the tourism and agriculturalsectors and related activities;

ncreased income and employment opportuniti€s with the development of multiple incon
bpportunities in the local rural economy (farm and non-farm), including for drivers/owner
rlerical workers and farm labourers who are mostly employed seasonally;

mproved workability on the farm sip¢e the tracks between fields were gravelled to allow acce
fo crops and facilitate farm maintehance;

mproved crop production and efficiency through mechanization, resulting in minimum lossg
bf crop as the processes can be carried out in a shorter time;

ncreased emphasis-on quality and quality assurance along the chain with continued focus g
Cost control andefficiency;

ncreased.focus on product and process development;

emphasis on market flexibility to meet and respond to changing consumer demands in terms
mproved quality, quantity and food safety;

y

h

bS

ES

bf

decreased vulnerability through building resilience;

improved ability to respond and customize products to the end user through optimization of

the logistics and transportation/distribution system;

— changed attitudes and perspectives:

— development of cooperative/collaborative attitudes and perspectives with more emphasis on
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information and information sharing;
capacity to trust and to be trustworthy;

increased emphasis on information and information sharing;
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— increased skills in negotiation and joint decision-making;
sustainable CSA:

— directand indirect benefits from agro-tourism activities and learning of commercial sustainable
agriculture methods;

— increased productivity due to smart agricultural practices and/or through conservation
agriculture practised by farmers in the area;

0.7 Lessons learnt and benefits

Igcentives for value’chain formation appeared to surface in a three-phase sequence:

—  carbonseauestrationthrouch continuocuscropningofthearea throuchtheuse nfcnhh]nmentary
T =] PP 5 7 =] rr

irrigation, which creates a carbon sink in the area;

— building resilience against climate change and unreliable rainfall through) supplemental
irrigation (management of the addition of small amounts of water to rain-fed ¢rops during times
when rainfall fails to provide sufficient moisture for normal plant growth,/in order tolimprove
and stabilize yields);

— protection against natural hazards, such as floods, drought and fire hazards, |through
government facilitation of infrastructure development and imhproved farming methods, to
significantly improve the country’s food supply/security.

1

The Pandamatenga Farm value chain and supply chain analysis was instrumental in identifying all the
kgy stakeholders and actors, and the possible intervengioh points that can result in the best|benefits.
Alriculture has potential as a growth engine for Botswana’s economy as well as in providing liyelihoods
ahd sustenance to many farmers and rural communities. In order to achieve this, the following
cpnsiderations can be included:

adoption of a digital transformation canthe a useful catalyst, not only to empower farniers with
better access to information, markets,¢redit, finance and insurance, but also to streamline local
and national agri-supply chains;

knowledge and information havea key role in increasing profits, reducing risk and building trust;
pest surveillance;

disadvantaged smallholder farmers can focus not only on high crop productivity, bu also on
enhanced farm prefitability, to become a key part of the overall farming eco-system, gnd truly
progress towards-sustainable agriculture.

capturing-efficiencies and controlling costs;
reducing risk (quality, quantity and food safety);

pesponding to consumer demands for attributes.

Some key sustainable farming best practices identified in the area include:

formation of a strong farmers’ association;

involvement of all stakeholders at all stages;

clustering of smallholders’ farms for a specific produce;
contract farming agreements for smallholders;

development of a value chain of the different produce (cereals);

identification of each of the production processes and improvements to be made;
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— focusonincreasing production efficiency to maximize value for the least possible costand conducting
activities aimed at making higher profits;

— adoption of technology in the value chain;

— adoption of the primary activities of Michael Porter’s value chain;

— add value to produce products eventually sold to the consumer supply chain;

— employee empowerment through the introduction of reward and recognition and an employee

satis
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lopment of food safety practices and regulations for value-added food production;
lopment of markets for all products;
hotion of a customer-focused culture and a customer satisfaction system;

ervation agriculture, through minimal soil disturbance, crop rotation and the integrate
uction of crops;

Lhy soil, through integrated soil nutrition management, which enhances crop growth, bolster

bs tolerance and promotes higher input-use efficiency;

oved crops and varieties adapted, with high-yield potential, resistance to biotic and abiot
bses, and higher nutritional quality;

ient water management that obtains “more crop per-drop”, improves labour and energy-us
iency, and helps reduce agricultural water pollution;

based on good farming practices, more resistant varieties, natural enemies, green pe
agement (e.g. use of drones) and judicious us¢-of relatively safer pesticides when necessary.

'he lessons learnt during the project were:

mation on types of machinery suitable for the area which is dominated by clay soil (a largg

me of land can be ploughed withinya shorter time);
basing productivity through.soil enrichment;
oaches for the reductioh of labour costs and human efforts;

b efficient utilizatiomof resources through the clustering of big farms, such as by sharing inpt
5, infrastructurefand knowledge.

F on a larger'scale, and the creation of sustainable landscapes, is the key. The availability off
a for ploughing resulted in:

b1 economic viability of the enterprises;

— incr

d

ic

eI

1t

a

pased credit worthiness, such that hanks compete for financial servicing;

— Dbetter economics of scale, which increased the possibilities of diverse income avenues.

The other benefits accrued were:

— commercial farmers influenced small-scale production in the landscape in a sustainable way;

— promotion of tourism through the creation of a tourism destination, both locally and internationally;

— promotion of research opportunities;

— initiation of the Pandamatenga Commercial Farmers Association harvest day as an annual event;
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— establishment of Pandamatenga as a centre for commercial arable agriculture which had the
potential to feed the country and eliminate abject poverty in Botswana;

— earmarking of the area as a special economic zone (SEZ) for horticulture and agro-industry in
recognition of the good, fertile soil and good climate.

Good communication was an important aspect of the transformation process and this was conducted
through documentation, and information sharing with internal and external stakeholders (see Table 5).

Table 5 — Communication strategy examples

Category

Description

o |

ypes of
documents

The relevant requirements of interested parties can be available as inputsfnto the
agement system planning process, as potential risks and opportunities. There can
requirement to retain documented information, but the following types’of docume
can help to evidence this:

minutes of meetings (from meetings from each group of interested party);
requirements spreadsheets and databases;

external communications and documentation;

quality manual;

flow down and capture of requirementsTelevant to the management system (
in contracts, orders, statements of work, terms of business, etc.;

records of meetings where interésted parties and their requirements are rouf
discussed and monitored;

stakeholder mapping to determine importance;

man-
be no
ntation

efined

inely

records of surveys, networking, face-to-face meetings, association membershjp,

attending conferenées, lobbying and participation in benchmarking.

[u—

hformation
haring

[%7)

There are a number-0f ways to share information among employees and work groy
in the Pandamatenga agro-based cluster farms, such as:

face-to-face meetings and information sharing, which is the safest and most e
methed'of information sharing in a farm environment;

sources of information as radio, television, extension workers, cooperative so
friends, colleagues, newspapers, magazines, books/leaflets, phones, libraries
institutes;

forums, telephones and conference calls;

email.

ps used

fficient

Cieties,
and

Internal
communication

At the farm level, relevant information can be effectively communicated to all leve
functions of the management system, through communication media such as:

s and

verbal (i.e. meetings, briefing, etc.);

formal memorandums;
posters or bulletin boards;

suggestion boxes.
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Table 5 (continued)

Category Description
External Externally, farms can communicate as required by their compliance obligations. The
communication process can ensure that all received communications are responded to appropriately

by using, for example:
— annual reports of performance sent to external stakeholders;

— open house meetings for interested parties and focus groups;

— —avaitaptiity of Tegutatory SUbIMiSSIONS, Or TESUItS Of audits;

— policies published in the media and industry association publications and press
releases;

— focus groups.

10.8 Cdnclusion

In conclysion, significant structural changes occurred in agriculture, not only in size and ownership
of holding farms but also in the linkages/coordination of farm production activities with inptit
supplier$ and product purchasers. The linkages occurred through personal negotiated/contractual/
ownershliip arrangements rather than impersonal open markets. Establishment of a food business |s
sophisti¢ated and complex, hence more knowledge and information is’'needed about detailed process¢s
as well ds how to combine those processes in a total system (i.e~a food chain approach) based on its
comparIive advantage. The Department of Agricultural Research was able to enhance its knowledge

and information base for researchers based on the Pandamatenga research centre. The project was abje
to provide a platform for farmers to engage in an integrated market system which led to stakehold¢r
participation in the national food system.

The approach of “no-one left behind” of financing the agriculture value chain meant small holders
the Pandamatenga agro-based farms had ready_ financial access. The agricultural value chains wei
linked tq financial services providers for the betterment of the rural people. The strengthened valu
chains Were able to promote better interlinkages between public and private players and resultg
in benef]ts to the farmers and workers¢n rural areas. Ownership/contract-coordinated productior
processihg/distribution systems can source knowledge and information from a combination of intern
and extefnal sources.

2~a 0o o S

The role of knowledge and infermation as the key to success in the agricultural industry is more
important today than ever béfore, as there has been a dramatic growth in knowledge of the chemicdl,
biologicdl and physical processes involved in agricultural production. Independent producers obtaingd
knowledige and informatien from external sources in much the same fashion as they have sourcgd
physical|and financial-resources and inputs. As information becomes more valuable, the incentive
for the private sectorto provide that information and capture some of that value increases. The vap
expansign in knowledge and understanding means that those who can sort through that knowledge arjd
put it to workiin‘a practical context have a further comparative advantage. For independent producefs
in the farm sector, knowledge and information is obtained from public sources as well as from externpl
sources sue = )
and processors etc Consequently, the growth of prlvate sector data gatherlng and 1nformat10n service
firms is not surprising, given the growing value of information through the web and social media.

Education, changes in agricultural policy and technological innovations are instruments that can
be used for the restoration of degraded land and to stop further land degradation, in line with LDN
targets. The management strategies which were adopted for Pandamatenga to reduce crop damage
were effective. Consideration of the climatic variations have led farmers to adopt interventions for CSA
practices to build resilience against the effects of climate change. This is consistent with LDN objectives
at the project level.

The project demonstrated that there can be successful establishment of Pandamatenga commercial
farms within the wildlife management area. The establishment of the Pandamatenga Farms led to
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improved national food security and supported rural livelihoods, with wildlife in critical coexistence
landscapes. The value chain approach was successful in demonstrating a viable mechanism of reaping
more sustainable benefits through clustering of farms, resulting in an increase in productivity, food
security and revenue generation.

11 Case study F — Restoration after woody clearing to improve livelihoods in the
D’Nyala Nature Reserve and Shongoane village, Limpopo Province, South Africa

44 Val 1
L. 1 UCIICIdl

1

Bush encroachment, resulting in densification of woody species and the invasion of alien(pldant species,
ajters the balance of natural ecosystems. It is a type of land degradation that disrupts Ithe trjee/grass
bplance and causes a loss of ecosystem services that provide benefits to the well-beirig of the people.
This study investigated the socio-economic benefits and increased fodder produdetion stemmiing from
blish clearing (combatting bush encroachment) and restoration by “brush packing” in a natur¢ reserve
ahd in a village near Lephalale city, in the Limpopo province of South Africa. Ultimately, the gopl was to
iprove the well-being of people using the land through income generation (job creation ventures) and
jcrease fodder production for livestock and wildlife grazing.

—

The semi-arid savanna western areas of Limpopo are mainly used’as grazing and/or browsing for
livestock and wildlife and, due to the vegetation types and structure, include many regions|that are
hpavily bush encroached. This province relies heavily on‘«eco-tourism and hunting as gconomic
ehterprise. Rural communities mainly depend on livestock®but, due to poor land management pgractices,
the rangelands are degraded and bush encroached . {densification of woody species and loss of
herbaceous cover).

[y

1.2 Context

1.2.1 Location

he case study area is conducted in:-the Lephalale municipality, in the Limpopo Provinde, South
frica. Lephalale is located in thesertheastern part of Limpopo Province in South Africa and|situated
ptween 23° 30" S and 24° 00’ S tatitude and 27° 30" E and 28° 00’ E longitude (see Figure|20). The
terventions for two sites arepresented: one in the village of Shongoane and the other in thg D’Nyala
ature Reserve.

ZS T > e

© IS0 2022 - All rights reserved 51


https://standardsiso.com/api/?name=24930a637625b41509085244a4f311a4

ISO/TR

14055-2:2022(E)

0 500 1000 km
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1 Limpopo Province in South Africa

2 Watgrberg District in Limpopo Province

3 Laphplale Municipality, Waterberg District,kimpopo Province

4  Site 1, D’'Nyala

5 Site 2, Shongoane

NOTE Base maps: bttps://commons.wikimedia.org/wiki/File:Map_of_South_Africa_with_provincgs
shaded $nd_districts numbeTed’(2016).svg; https://commons.wikimedia.org/wiki/File:Map_of Limpopo
with_disftricts_shaded_and_inunicipalities numbered (2016).svg; K. Magano and R.T. Mangani, Geoformatign

Science Upit, Agricultural RéSearch Council-Soil Climate & Water.

Fig

ure 20 << Study sites in the Lephalale municipality, Limpopo province, South Africa

11.2.2 Physical features

11.2.2.1

Climate

Lephalale has a semi-arid climate. The annual average long-term summer rainfall is around 437 mm but
varies among years. The mean minimum and maximum temperatures range from 2,1 °C to 39,2 °C for

June and

11.2.2.2

December, respectively.

Topography

D’Nyala Nature Reserve lies on the hills of the southeast Waterberg Lephalale, and the communally
managed area, Shongoane village lies on the flatter area towards the north of the Waterberg in
Lephalale.
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11.2.2.3 Soil

The Shongonae study area is underlain by soil classified as black vertic clays and high calcium carbonate
(CaCO3) content. The soil at D’Nyala is classified as reddish-yellow sandy clay loam (see Figure 21).

a) Black vertic clay, high calcium carbonate (CaCO3) sa %Shongoane

b) Reddis&&llow sandy clay loam soil at D’Nyala
NOTE Photo credit: R.T. Mangani,%ush Expert, Project Team, North-West University.

Eigure 21 — Soil types found at the two study areas

O

1.2.2.4 Natura@getation

1sh clu and thickets. D’Nyala’s woody vegetation is dominated by Dichrostachys cinerea while
1ongo@s s dominated by Senegalia mellifera.

NoT > =

larger po;ﬂ‘n of the area is characterized by degraded rangelands with woody species|forming

1j12;3° Socio-economic features

The Lephalale municipality has a population of 140 240 with 43 002 households in total and a
dependency ratio of 33,2 %. The unemployment rate stands at 22,9 % which is below the provincial
average. The community mainly depends on livestock farming for income. This puts pressure on the
condition of the land and often leads to overgrazing and encroachment of woody species. Low financial
support to develop the land makes subsistence farming even more difficult.

In the Shongoane village, the population is local and non-European, with strong cultural norms and
standards. The site is communally grazed rangeland and there is a free land tenure system.

In the D’Nyala Nature Reserve, the conservation area is owned and maintained by the government,
mainly for eco-tourism.
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11.2.4 Interested parties

The interested parties implementing the interventions are both the local and regional governments, in
order to benefit the local villagers and the sustainable tourism industry.

11.3 Land degradation problems faced

11.3.1 Types of land degradation observed

11.3.2 Drivers of land degradation

The main driver of bush encroachment is land mismanagement, over-stocking and:-overgrazing pf
rangeland areas as well as the impacts of climate change. Bush encroachment decreases grass biomags
productibn, which negatively influences the carrying capacity of the rangelands{ Bush encroachment
causes aldecline in the land productivity, which negatively affects ecosystemservices.

11.3.3 Risk of future land degradation — Resilience

Bush endroachment also results in vegetation species composition ehanges which affect the biodiversity
of the area. It also increases erosion and causes a reduction in the Water table. Land degradation will
increase|if the land is not protected. This land degradation process disrupts the balance of species In
the vegetation system and biodiversity, with a resulting loss of’'ecosystem services. This in turn affects
the well{being of the inhabitants who depend on benefits{from the ecosystem services.

In consefvation areas, where the grazing intensity is:better managed, the impact to the vegetation fs
less damjaging.

11.4 Objectives
The main objectives of the project were:

— to mpintain or improve produgtivity, e.g. improve fodder production for grazing animals (game and
domgestic);

— decrease vulnerability to,climate variability;
— incr¢ase resiliencefgclimate change;

— maiEtain or improve ecosystem services, and quantify the socio-economic benefits addressed hy
the ush-clearing activities in bush encroached areas;

NOTE This would also contribute to improving the well-being of the people using the land through
incomelgeneration (job creation ventures) opportunities.

— improve visibility of game for eco-tourism in the conservation area.

11.5 Interventions

The “brush packing” restoration technique is mainly used as above-ground obstruction by packing
branches on bare patches of land to let seedlings establish well without the threat of herbivores. Brush
packing can be used as a cost-effective method to restore degraded land after bush controll441145][46],
Brush packing creates a micro-habitat that is favourable for the growth and recruitment of grass
species. Additionally, it serves as an effective protection barrier to shield off new grass seedlings from
herbivory, decreases higher soil surface temperatures and improves the soil moisture content created
by the shade effect of the woody branches. As the branches decompose over time, it also increases the
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nutrient and carbon content of the degraded soil. Brush packing helps in manipulating plant-growing
conditions to increase above ground biomass or plant cover. It also improves production quality by
reducing weed growth, improving soil structure and enhancing organic matter content.

Woody plants causing the bush encroachment of height lower than 3,5 m and stem thickness of less
than 10 cm were mechanically cleared using handsaws, loppers and a chainsaw to prepare for the brush
packing. After clearing, a chemical, Kaput®

This is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.

gel arboricide, was applied on the stumps by a hand-spray technique. Six different brysh| packing
r¢storation methods (replicated three times) were tested with all treatment combinations béing equally
¢presented based on the landscape, as follows:

—

\ml

clearing, soil disturbance, re-seeding and brush packing (CSRS-BP);
b) clearing only (CO);

c] clearing and brush packing (C-BP);

d) clearing and re-seeding (CRS);

e] clearing, re-seeding and brush packing (CRS-BP);

f] no clearing (control plot) (UC).

antitative sampling and data analysis techniques were used to determine the biomass production of
the increased fodder production and changes in the soil parameters.

Al qualitative thematic content analysis approach was used, including semi-structured interviews held
with participants from the local communities’ssurrounding the study area to determine changes in the
cio-economic conditions. The study was carried out over a period of two years, from 2018 tg 2019.

%)

1.6 Results

ie to bush encroachment. The*brush packing project was implemented at the study sites durfing 2017
2019 representing the-two land use types, i.e. conservation and communally grazed argas, after
pntrolling bush encroachment by clearing of the woody species. Results which were achieved|included
the following:

1
Bfrush packing was considered a cost-effective restoration method to remediate the land degradation
d
t
c

a) Grass diversitywas lowest in the plots which were not bush cleared, compared to the brush-packed
plots at both/sites (see Figure 22). Grass richness only improved at the communal site. |A higher
number\of perennial type grass species were identified in the brush-packing treatmgnts. The
results.suggest that brush packing promotes grass diversity under continuous grazing pressure
inteommunal areas compared with conservation areas. The higher grass biomass prpduction

increased the grazing capacity and improved biodiversity, reduced erosion, increased| the soil
surface parameters and contributed to SLM pr:\rfirpc

b) Above-ground biomass (g m~2) collected from the plots in two seasons (i.e. 2018 and 2019) revealed
that the bush C-BP had significantly higher above-ground biomass than the just clearing with
no brush packing at both sites. Likewise, the above-ground biomass deviation among the brush-
packing plots with reference to the plots which were not bush cleared was greater than 100 %
in both seasons at both sites. However, while above-ground biomass was highest for the brush-
packing plots, the total person time and set-up costs were also the highest, with each plot taking
more than 1,5 h and costing more than USD 6,66 per plot.

c) The socio-ecological results indicated that the sites in the D’Nyala Nature Reserve benefited
from the bush-clearing activity via the improved visibility of the landscape features and wildlife
viewing, making the reserve more attractive for tourists, and resulted in increased revenue. The
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costs of buying feed for wildlife can also be curbed since the grazing capacity has increased. Since
the nature reserve sourced temporary labour from the local village to execute the restoration
project, the community benefited in terms of its members being able to earn a wage, which led to
an improvement in their livelihoods. Another indirect benefit for people living in the Shongoane
village near the communally grazed area was the morale and behavioural changes observed among
community members. The people who helped with the implementation of the restoration project
also earned wages, contributing to a better well-being of the community in general.

sz

b) Brush-packing plot

NOTE Photo credit: R.T. Mangani, Bush Expert, Project Team, North-West University.

56

Figure 22 — Comparison of two treatment plots
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11.7 Lessons learnt and benefits

The bush clearing and restoration project also contributed to skills development and provided formal
training, which led to an improvement in the community’s livelihoods. Another indirect benefit was
the morale and behavioural changes observed among the community members. It was obvious that the
socio-economic benefits derived from projects such as these far outweigh the negatives and that there
is every reason to institute projects of a similar nature elsewhere.

Nevertheless, challenges and constraints were faced in up-scaling and in out-scaling of the restoration
technologies.

ong the lessons learnt was that in order to restore degraded land on a large scale, implenjentation
and coherence to a restoration plan is essential. Recommendations were made by the Tqrrestrial
Epology Research Team to assist in the future development of restoration plans by practitioners, land
ukers, contractors, scientists and policymakers in a policy brief issued by the Nationhal Offire of the
partment of Environmental Affairs and the School of Biological Sciences and Hxit for Envirgnmental
Research and Management, North-West University[4Z],

1.8 Conclusion

1

The results indicated that in all the brush packing restoration treatments, the above ground|biomass
was higher compared to the non-brush packed treatments. TheXgrass biomass production ihcreased
the grazing capacity and biodiversity, reduced erosion, increased the soil surface parameters and
cpntributed to SLM practices. The visibility of the landscape features and wildlife viewing was
hproved in the nature reserve, making the reserve mdre attractive for tourists and respulting in
1icreased revenue.

b— e

Opverall, the project was able to:

— generate sustainable solutions (technologies'and approaches) through increased fodder prpduction
for grazing animals, allowing for better sightings for tourism, and improved income and well-being
for the communities;

— increase ownership of the intereSted parties in the local communities and tourism industyy;

—+ increase ways of sharing experiences and enhancing communication through feedback|sessions
with the local participants;

— provide recommendations and guidelines for future restoration projects.

2 Case study'@— Regional cooperation to combat desertification and drouyght:
he ECONORMAS programme in Argentina, Brazil, Paraguay and Uruguay

)

12.1 General

The EEONORMAS-MERCOSUR programme is part of the cooperation initiatives between the Huropean
Union (EU) atrd—the PVI{ERCOSUR, a—SotthAmertcan—trade blut., to—foster—economic iutcsl tion and
sustainable development. The general objective of the programme is to improve the quality and safety
of products from MERCOSUR and strengthen its capacity to reconcile the growth of trade and economic
activity with the sustainable management of resources and promotion of environmental protection.
This case study presents the regional project on combatting against desertification and drought,
through demonstrative physical interventions for prevention, mitigation and rehabilitation in areas
at risk of desertification and drought in the MERCOSUR countries of Argentina, Brazil, Paraguay and

Uruguay.
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12.2 Context

12.2.1 Location

One region was selected in each of the four participating countries for implementation of the
interventions. The ECONORMAS project areas (see Figure 23) for combatting desertification and
drought are:

a) Valles Calchaquies, Argentina;

b) Munijicipio de Iraucuba, Brazil;
c) Chago Paraguayo, Paraguay;

d) Tala] Uruguay.

Key

1  Vallep Calchaquies, Argentina
2 Irauduba,Brazil

3 ChacbParaguayeParaguay

4  Tala, Uruguay

NOTE Source: equal-earth.com.

Figure 23 — Location of the ECONORMAS project areas
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12.2.2 Physical features

12.2.2.1 Valles Calchaquies, Argentina

There were four locations served by ECONORMAS in Valles Calchaquies, Argentina, which were El
Pichao, El Bafiado, Colalao del Valle and Cafayate. In all areas, the climate is semi-arid with strong daily
temperature variations. The average annual rainfall depth is about of 200 mm to 250 mm.

— El Pichao is located on the eastern slopes of the Sierra de Quilmes, at 2 200 m above sea level and
about 202 km west of the city of San Miguel de Tucuman by land. The soil consists of sandstone and
a steep sloped topography, in some cases over 20 %. The temperature in winter varies between 4 °C
at night and 20 °C during the day, with some frosts. In summer, temperatures vary betwgen 15 °C
and 30 °C.

—+ ElBafiado is located in the Calchaqui Valley, 10 km from Colalao del Valle, at 1,850 m above|sea level
and about 182 km west of the city of San Miguel de Tucuman by land. Theterritory hag a gentle
sloping topography and sandstone formations.

— Colalao del Valle is located in the Calchaqui Valley, 1 800 m above sea level and about 202 [km west
of the city of San Miguel de Tucuman by land. The soil is sandy-siltyzand the slopes are gentle.

—+ Cafayate is located in the Calchaqui Valley, 1 600 m above seadeVel, southwest of the Salta province,
north of Argentina-Cafayate. Several rural communities are {ocated in remote areas.

1R.2.2.2 Iraucguba, Brazil

Ig the Iraucuba-Ceara area, the rainy season is heavily overcast and the dry season is humid, with
strong winds and partly cloudy skies. The averagecannual precipitation depth along the cogstline is
11400 mm. Approximately 93 % of State of Ceara territory is within the northeast semi-ari{d region
of the country, with an uneven geographicaldistribution of rainfall. In the semi-arid hinter|and, the
vilues range between 600 mm and 800 mni,*There is a high evaporation annual rate of abouf 2,5 mm
and an aridity index of 0,25 %. Throughdut the year, the climate is hot, and the temperature generally
ranges from 21 °C to 36 °C, and is rarely-below 20 °C or above 37 °C.

In terms of water balance, the time series shows a persistent deficit which has accumulated during
recent long dry spell that dasted several years. A vast portion of the territory is susceptible to
psertification, requiring measures to control and reclaim intensely degraded areas.

oo

The natural vegetation-is-typical of the Caatinga Biome which is the main ecological featuye of this
r¢gion, where the localand resilient population coexists with the periodic and intense dry spells.

2.2.2.3 Chaeco, Paraguay

ay to_October, the bulk of the annual rainfall is concentrated between November to April, andl there is
poténtial evapotranspiration rate of 1 140 mm per year. A significant water balance deficit ghows up
in) the time series of precipitation data.

1
The climateyin Chaco is characterized by rainy summers and dry winters. The dry spells occur|between
M
a

Water scarcity represents a major concern for the local population and indigenous people. The
ECONORMAS programme provided the construction of Tajamales, large surface reservoirs (up to
50 000 m3) conceived to collect rainfall from small catchment areas, for water supply.

The high temperatures, long periods of drought and strong winds have a detrimental effect on the
production and productivity of agricultural outputs. The adverse climate and soil conditions contribute
to the low agricultural yield and productivity.
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