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Abstract

Desatification is a condition of humaninduced land degradation that occurs in arid,
semiarid and dry sub-humid regions (precipitation/potentia evapotranspiration or PIETP 0.05 to
0.65) and leads to a persstent decline in economic productivity (> 15% of the potentid) of useful
biota related to a land use or a production sysem. Climatic variations intengfy the decline in
productivity, redorative management mitigates it. Drylands or teritories susceptible to
desertification occupy 39.7% (~ 5.2 billion ha) of the globa terrestria area (~ 13 billion ha). The
highest concentration of drylands occurs in Africa, AsSa and Audrdia Two out of every three
hectares of drylands suffer from land degradation of one kind or another. Barring 78 M ha which
are irreversbly degraded, the remainder area - affected by desartification - is reclamable & a
price.

Desartification is caused primarily by over-exploitation of natura resources beyond their
carying capecity. Solutions to combat desertification lie in the management of the causes of
desertification. However, there are no easy options to combat it. While managing demographic
pressure should receive priority, the solutions to combat desertification involve locd action,
guided by land use and cimatic conditions and in harmony with loca needs and peopl€'s
expectations. Drylands are used as rangelands or as croplands, with the latter ether irrigated or
ranfed. Integrated data on land and soil degradation and on the socio-economic environment
within which it occurs are the bass to formulate drategies for reclamaion and proper use of
drylands.

Rangdands conditute the dominant land use (est. 88%) in the territories susceptible to
desertification. Of the 3333 M ha rangeland area affected by land degradation 757 M ha are
svedy dfected, 72 M ha irreversbly. Within rangdands, vegetation degradation is the
primary cause of desartification — it represents 72% of the total area desertified worldwide (2576
M ha out of 3592 M ha). Overgrazing by excessive numbers of low productivity livestock and
fud wood extraction by man ae the principd causes of vegetation degradation. Centraized
management of common rangeland resources and insecure tenancy laws stand in the way of
communities and herders adopting a long-term view to conserve and invest in range
improvement measures. Inadequate dissemination of knowledge on vegetation improvement
methods is another cause of rangeland degradation. Five suggestions are made to assure
udanability and effectiveness of rangdand management programs (1) shifting to  community
management of rangeands that have been naiondized, (2) granting formd rights to individud
transhumance herders that have been settled, (3) providing education and training on range
management and improvement, (4) introducing €elite breeds of livestock for high productivity,
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and (5) implementing programs for harnessng dternaive sources of energy for cooking (solar
and biogas).

Rainfed croplands occupy an area of 457 M ha, 216 M ha of which have degraded soils.
Some 4 M ha suffer from irreversble degradation. Of the remainder, 29 M ha and 183 M ha are,
repectively, affected by severe (reclamable with engineering works) and moderate degradation.
Soil condraints in ranfed croplands aise primaily from ther vulnerability to eroson, which
leads to loss of organic matter, fertility and rooting depth. Eroded soils are sructuraly ungtable
and are prone to crugting and compaction. Risk arisng from drought susceptibility and poverty
limit the adoption of redorative management. Rainweter consarvation to minimize risk is not
adopted due to insecure tenancy and centralized management of government supported
programs. A lack of adequate knowledge and skills of efficient use and Sorage of ranwater
dlow degradation processes to proceed unchecked. The imperatives to succeed are: (1) land
tenure policies towards freehold ownership; (2) community participation in the management of
ranwater, (3) efficient use of harvested water supported by high vaue land use options built on
indigenous knowledge and (4) government support to fecilitate the development of rainfed
agriculture.

Irrigated croplands occupy an area of 145 M ha Of this, 2 M ha are affected by
irreversble degradation and 41 M ha suffer from reversble degradation, manly from sdinity
and waterlogging. The mechanisms of sdinity devedlopment differ and so do the solutions when
cand or underground water is used for irrigation. With cand water irrigation, three key
development options are suggested to remove excess sdts and water and to minimize
conveyance and application losses of water: (1) effective drainage, (2) properly lined or closed
water conveyance sysems and efficient irrigation techniques, and (3) participatory management
of irrigation sysems. The cods of ingddling drainage and lesk-proof conveyance systems are
high, but so are the economic and ecologicd gans. With underground water use, sdinity
develops as the water reserves are depleted due to over-extraction. While efficient methods of
irrigation can help in postponing the occurrence of sdinity, sustainable solutions lie in baancing
the water withdrawas with recharge. Efforts should therefore be made to promote groundwater
replenishment through runoff harvesting. Although it is not dways possble to recharge the deep
aguifers with the limited quantities of runoff produced by the low annua precipitetion, ill, the
use of harvested runoff for irrigation can save groundwater. Once water-efficient sysems ae
operationa, cropping systems that maximize productivity per unit of water can be introduced.

The entire drategy of reclaming desartified land revolves aound waeter, the
reestablishment of the vegetation of rangdands, the rguvenation of the productivity of rainfed
croplands, and the hdting of loss of irrigated farmlands. Humans play a centrd role in tha
drategy; desertification begins and ends with human action. Unless it ends, the estimated 900
million people affected today will grow to hillions tomorrow.
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Kurzfassung

Als Desatifikation bezeichnet man die menschlich bedingte Landdegradation, die in
ariden, semiariden und trockenen subhumiden Regionen vorkommt (Niederschlag/potentielle
Vedunsung oder P/ETP 005 bis 065 und der zu ener kontinuiedichen Abnahme
wirtscheftlicher Produktivitét (> 15% des Potentids) der nittzlichen Biota im Zusammenhang mit
Landnutzungs- oder Produktionssystemen fihrt. Klimatische Veranderungen verstérken den
Produktivitétsriickgang, restaurative Maldnahmen konnen ihn abomildern. Trockengebiete oder fir
Desatifikation anfallige Gebiete machen 39.7%(~ 5,2 Milliarden ha) der globden FHéache (~ 13
Milliarden ha) aus. Trockengebiete haben den grofden rdativen Flachenantell in Afrika, Aden
und Audrdien. Zwe von dre Hektar Trockengebieten weisen irgendeine Art  von
Landdegradation auf. Unter bestimmten Umdsténden sind die Héachen, mit Ausnahme der
irreversibel degradierten 78 Mio. ha, wiederherstellbar.

Desartifikation wird hauptsschlich durch die Ubernutzung natirlicher Ressourcen  (iber
ihre Tragféhigkeit hinaus verursecht. Ldsungen zur Bekdmpfung von Desatifikation liegen im
Umgang mit den Ursachen fir Desartifikation. Es gibt jedoch keine einfachen Petentrezepte fir
deren Bekdmpfung. Wéahrend die Bewdtigung des demographischen Drucks Prioritd haben
sllte, erfordern die Ansitze zur Bekdmpfung von Desetifikation lokae Aktionen, ausgehend
von der Landnutzung und den klimatischen Bedingungen, und in Einklang mit den lokden
Bedirfnissen und Erwartungen der Menschen. Trockengebiete werden as Weide- oder
Ackerland genutzt, letzteres entweder kinstlich bewéssert oder durch Regenwasser gespeis.
Integrierte  Daten zu Land- und Bodendegradation sowie zu den  sozio-6konomischen
Rahmenbedingungen snd die Grundlage fir die Formulieeung von  Straiegien  zur
Riickgewinnung des Landes sowie fir eine angepasste Nutzung von Trockengebieten.

Weddand ig die haufigge Nutzungsform (geschétzt 88%) auf den fur Desertifikation
anfdligen Héchen. Von den 3333 Mio. ha Weiddand, die von Landdegradation betroffen sind,
sand 757 Mio. ha gak und 72 Mio. ha irreversbel degradiet. Ba Weiddand ist die
Vegetationsdegradation die Hauptursache fur Desartifikation — de gdlt 72% der insgesamt
weltweit von Desertifikation betroffenen Féachen dar (2576 Mio. ha von 3592 Mio. ha).
Uberweidung durch Ubermédigen Viehbesatiz und die Gewinnung von Brennholz sind die
Hauptursachen  fir  Vegedionsdegradation.  Eine  zentraligtische  Organisation  der
gemenscheftlichen  Weddand-Ressourcen und  undchere  Bedtzverhdtnisse  stehen  den
Gemenden und Hirten daba im Weg, langfridig in Konsarvierungsmadiahmen und in ene
Verbesserung des Welddandes zu investieren. Unzureichende Kenntnisse der Methoden zur
Vegetationsverbesserung it eine weitere Ursache flr Weiddanddegradation. Hier sollen funf
Vorschlage unterbreitet werden, um die Nachhatigket und Wirksamket von Weddand-
Managementprogrammen  sicherzustellen: (1) der Ubergang zu gemeinschaftlichem Management
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von verdadlichtenm Weiddand, (2) die Garantie formder Rechte fir ehemds Wandertierhdtung
betreibende Hirten, die sefthaft geworden sind, (3) Ausbildung und Training in Methoden der
Welddand-Bewirtschaftung  und  seiner Vebesserung, (4) die  Einfihrung  hochwertiger
Viehrassen, um eine hohe Produktivité zu erziden, und (5) die Einfihrung von Programmen zur
Beratsdlung dternativer Energiequellen (Solarenergie und Biogas) zum Kochen.

Regenfeldbau Ackerflachen machen eine Fldche von 457 Mio. ha aus, davon weisen 216
Mio. ha degradierte Boden auf. Etwa 4 Mio. ha snd irreversbd degradiet. Von der
verblelbenden Fléche snd 29 Mio. ha sark (rtickgewinnbar durch technische Mal3nahmen) und
183 Mio. ha mddg degradiert. Auf Regenfddbaufléchen ergeben sch Nachtelle hauptsichlich
aus der Anfdligket fur Eroson, die zu Velusgen an organischen Soffen  und
Bodenfruchtbarkeit und ener Reduzieeung der Durchwurzdungdtiefe fihrt. Erodierte Bdden
and dgrukturdl ingabil und anfdlig fir Verkrusung und Verdichtung. Risken aus der
zunehmenden  Anfdligkeit fir Durre und Armut beschréanken die DurchfUhrbarkeit restaurativer
Maahmen. Regenwassrkonsarvierung  zur Riskominderung i aufgrund  unscherer
Bedtzverhditnisse und wegen dem zentrdistischem Management daatlicher Forderprogramme
nicht dblich. Der Mangd an angemessenen Kenntnissen und  Fahigkeiten hindchtlich  einer
effiziienten Nutzung und Speicherung von Regenwasser fihrt zu  ener  unkontrollierten
Audbreitung der Degradation. Folgende Voraussetzungen missen gegeben sein, um diesem
Einhdt zu gebieten: (1) ene Landbestzpalitik, die auf private Bestzverhdtnisse abzidt; (2) ene
Beteligung von Gemeinden am Regenwasser-Management; (3) ene  dfiziente  Nutzung
aufgefangenen  Wassrs in Vebindung mit  hochwertigen  Landnutzungskonzepten, die  auf
enhemischem Wissen baseren sowie (4) dadliche Unterstiitzung, um die Entwicklung des
Regenfe dbaus zu beglingtigen.

Bewéssertes Ackerland macht eine Féche von 145 Mio. ha aus. Davon sind 2 Mio. ha
von irreversbler Degradierung und 41 Mio. ha von reversbler Degradierung hauptsichlich
durch Versdzung und Verndssung betroffen. Die Mechanismen, die zu Versazung fuhren, snd
unterschiedlich, und somit auch die Konzepte fir die Nutzung von Kand- oder Regenwasser zu
Bewasserungszwecken. Fir die Bewasserung mit Kanadwasser werden drel  hauptséchliche
Entwicklungskonzepte vorgeschlagen, um Uberschiissges Salz und Wasser  abzutransportieren
und um Durchletungs- und Anwendungsverluse zu minimieren: (1) effektive Dranage (2)
sorgfdtig  abgedichtete oder geschlossene Wassrletungssyseme und  wirtschaftliche
Bewasserunggtechniken; und (3) ein patizipatorisches Management des Bewdsserungssystems.
Die Kogen fir die Ingalation von Drainage und undurchléssgen Leitungssysemen sind hoch,
aber der Okonomische und Okologische Gewinn it ebenfals betréchtlich. Ba der Nutzung von
Grundwasser entsteht  Versdzung, wenn die Wassaresarven  aufgrund  von  Ubernutzung
erschopft snd. Wahrend wirksame Bewasserungsmethoden dazu betragen konnen, Versazung
Zu verzogern, sehen nachhdtige Konzepte vor, die Wasserentnahme wieder aufzufillen. Es
ollten daher Andgtrengungen unternommen werden, Grundwasser durch das Auffangen von
AbfluBvasser wieder aufzuflllen. Auch wenn es nicht immer mdglich ig, die tiefen
Grundwassersysteme aus dem Abflul? der niedrigen jéhrlichen Niederschlagsmenge aufzuftilen,
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kann die Nutzung aufgefangenen AbfluBwassers zu Bewésserungszwecken das Grundwasser
schonen. Wenn  effiziente  Bewédsserungssysteme es enma  betriebsbereit  sind,  konnen
Anbausysteme eingefihrt werden, welche die Produktivitét per Wassereinheit maximieren.

Die gesamte Strategie zur Rickgewinnung von Land, das von Wigenbildung betroffen
ig, dreht sch um Wasser; um die Erneuerung der Vegedion auf Weddand, die
Wiederherstellung der  Produktivitdt von Regenfddbauflachen und  die  Einddmmung  von
Velugen an Bewdsserungdddbaufléchen. Der Mensch spidt eine zentrde Rolle be  dieser
Strategie, Desertifikation beginnt und endet mit menschlichem Handeln. Wenn die Entwicklung
nicht gestoppt wird, wird die heute geschédizte Zahl von 900 Millionen Betroffenen in Zukunft
auf Milliarden anwachsen.
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1 Desertification — Definition and Concept

1.1 Background

Merriam Webgter’'s Collegiate Dictionary defines the term desertification as “the process
of becoming a desert”. The use of the term desertification by naturd as well as socid scientists is
only about 50 years old. Early experts on the subject promoted the idea of the ‘encroaching
desert’, ‘moving desat’ or ‘advancing desart’ to illustrate desertification (Adu, 1982 and
Mainguet, 1994) with the later citing severd earlier dudies reated to this aspect of
desertification. This “expanson of the desart” theory culminated in the assartion by Lamprey
(1975) that the Sahara was marching at a rate of 55 km/year. Subsequent studies proved
conclusvely that no threst from expanding deserts existed (Warren and Agnew, 1988; Dregne
and Tucker, 1988; Nelson, 1988 and Forse, 1989). Although the scientific community has largdy
rgected the theds of desat encroachment, many nationd and internationd policy making and
adminidretive authorities continue to rely upon it to win atention and funding. To illudrate, we
cite an aticle entitted “Encroaching deserts A dlent dissster plaguing the planet”, written by
Doug Rekenthaler, Managing Editor of the Disaster Relief Organization (Rekenthader, 1998, on
line). It depicted desartification in the following way: “Like an aggressve cancer, desarts are
consuming more and more earth”.

It was Aubreville (1949) who firs explained that desertification was not an extenson of
the exiging desat. He described desetification as the trandformation of productive land
anywhere, into an ecologicad desert due to the ruinous act of erosion, often impeled by man+
made deforestation. His description aso implicated climatic variations as a factor of
desartification. Almost 30 years after Aubreville published his trestise on desartification, the
United Nations Conference on Desartification (UNCOD) was held a Nairobi, in 1977. This
conference was the reaction to a severe drought that befell the Sehel and other parts of Africa
beginning in the late 1960s and continuing through much of the 1970s. The UNCOD (UNEP-
UNCOD, 1978) destribed desatification as “the diminution or destruction of the biologica
potential of land that can lead ultimately to desert-like conditions’ and cdled it “an aspect of the
widespread deterioration of ecosystems under the combined pressure of adverse and fluctuaing
climate and excessve exploitation” (Grainger, 1990). The UNCOD description did not clearly
identify the target area of gpplicability of the term desartification. The early 1990 UNEP
definition of desatification — "land degradation in aid, semiarid and dry sub-humid areas
reulting manly from adverse human impect" - <specified the environments in which land
degradation was to be termed desertification (Dregne et d 1991). Subsequently, the following
definition, enunciated origindly in Chapter 12 of the Report of the United Nations Conference
on Environment and Development (UNCED, 1992), held a Rio de Janeiro, was adopted: “Land
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degradation in arid, semiarid and dry sub-humid aress, resulting from various factors including
dimaic variations and human activities’ (UNCED, 1992). The 1992 UNCED definition not only
identifies the types of environments in which land degradation is caled desartification, it dso
attaches equa importance to humans and climate as causes of desertification.

The subject of desartification has snce continued to be highly controversd. According to
Glantz and Orlovsky (1983), around 100 definitions on desertification were in existence by the
ealy 1980s. Severa more definitions have gppeared snce then (Manguet, 1994, and Thomas
and Middleton, 1996). We have collated some of the criteria included by various authors in ther
definition of the term regarding the “area of coverage’, “causative factors’, and “anticipated
impacts’ of desertification. (Table 1).
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Table 1: Synthesis of desertification definitions

Area of
Applicability

Arid and
semiarid

Dryland areas

Arid, semiarid
and sub-humid

All terrestrial
ecosystems

Arid, semiarid

and sub-humid

Arid, semiarid
and sub-humid

Arid, semiarid
and sub-humid

Arid, semiarid
and dry sub-
humid

Arid, semiarid
and dry sub-
humid

Drought-prone
areas

Causative factors

Human action or
climate change

Human and naturd
processes

Human action

Human action

Human action and
natural processes

Human action and
dimeatic variations

Human action

Human action

Human action and
vaiaionsin
dimae

Human action and
natural processes

Anticipated Impact of
Desertification

Spread of desert-like conditions,
encroaching desert

Development of desert like
conditions and sustained declinein
yidd of mgor crops

Change in the character of land to
more desertic conditions,
impoverished ecosystem (reduced
productivity), and accelerated
deterioration of soils and associated
livelihood sysems

Reduced productivity of desirable
plants, undesirable dterationsin
biomass and biodiversity,
accelerated soil eroson and
increased hazards to human

occupancy

Irreversible change in soil and
vegetation with diminution of
biologicd productivity, whichin
extreme cases may lead to
transformation of land into desert

Development of non+productive
land and reduced productivity

Sustained land degradation leading
to decline in production potentid
thet is not readily reversble

Land degradation

Land degradation

Irreversible decrease or destruction
of the biologica potentid of land
and its ability to support population

Reference

Rapp, 1974

Warren and

Maizds, 1977

Mabbutt, 1978

Dregne, 1978

Rozanov, 1982

Ahmad and
Kassas, 1987

Nelson, 1988

Dregneet d.,
1991

UNCED, 1992

Mainguet,
1994
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The definitions given in Table 1 present a mix of agreements and disagreements.
Gengdly, dl the ddfinitions agree that desatificaion is primaily caused by human
intervention. Desertification ss in when humans disturb natural  equilibria by over-exploiting
naturd resources. Human actions are largely intentional and, though often based on ignorance,
are mogtly driven by risng need and/or greed. Overexploitation of natura resources is seen to
spur degradation of land that relates to degeneration of soil and biota. Although development of
‘desert-like’ conditions is mentioned in some definitions (Rapp, 1974; Warren and Maizds, 1977
and UNEP-UNCOD, 1978), none picture desertification as ‘encroaching’ desert. The measurable
consequences of desertification include both decline in economic productivity of land and
declining hospitability of the environment for humans and their animal support system.

Disagreements among the definitions are largey seen in the regiond coverage and naure
of degradation. The applicability ranges from drictly the aid, semi-arid and dry sub-humid
regions (UNCED, 1992) to dl terrestrial ecosystems (Dregne, 1978). With some exceptions
(Bruins and Berliner,1998), the definitions exclude the hyper-arid zones, representing the inner
core of the desart where processes leading to desertification as such are less likdy to make it
more desert-like. Dregne and Cho (1992) rationdized the exclusion of the hyper-arid zone on the
bass that “such lands, unless irrigated, are incapable of supporting human occupancy dependent
upon plants, directly or indirectly, for food”. Whether to include reversble (affordable) land
degradation to describe desertification or not, is a mgor point of contention. Rozanov (1982)
believed desartification to represent an irreversble degradation of soil and vegetation. Mainguet
(1994) portrayed desertification as “the ultimate step of land degradation to irreversble Serile
land”. However, Dregne and Chou (1993) intended to include the entire range of degradation —
reversble or irreversble - to arive a an edimae of the globd extent and costs of
desertification.

1.2 Desertification redefined

In order to clear the pervasve semantic confuson, it will be necessary to adopt
quantitetive and quditative indices for each of the key dements condituting a definition. Among
dl the definitions on desartification, the one given by the UNCED (1992) is clearet and most
draightforward in intent and substance. However, it does not didinguish whether the
desartification is a ‘process (a natura phenomenon marked by regular changes that lead toward
a particular result), or a ‘condition’ (a state of being) created by land degradation. The answer to
this key isue will shift the focus of combating drategies from amdiorating the effect to
containing the cause. The UNCED definition does not quantify the degree of land degradation
that dgnifies desartification or distinguish between degradation that is reversble or not. If
reversble degradation is included in the term desartification, then what is the threshold vaue of
change (say, productivity loss) that dgnds its occurrence? Findly, the UNCED definition
includes both, man and climate as contributors to desertification.
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1.2.1 Desertification as a process or a condition

Rozanov (1982) perceived desertification to be a process of “irreversble change of soil
and vegetation of dryland in the direction of aridization” culminating in the “converson of land
into desart”. In ther lucid account of the term desartification, Thomas and Middleton (1996)
observed: “If desartification is trested as a process, this can result in a glossng over of what
actudly takes place, for, used in this sense, it is smply a blanket term for a whole range of
specific biologicd, chemicd and physcd changes in the environment. As such desartification is
a shorthand term, rather than a specific process with a specific cure’. The prevaling view of
desertification is that of a condition arisng from the process of mostly maninduced land
degradation. Many definitions (Rapp, 1974, Warren and Maizels, 1977, and Ahmad and Kassss,
1987) see desartification as the manifestation of desert-like conditions, nay desert! Warren and
Agnew (1988) described desertification as “no more than degraded land in an extreme form”.
Treating desertification as a date or condition gets further support from Mainguet (1994) who
even expressed reservations toward using the term desertification to describe destruction of the
biologicd potentiad of land. Wrote Mainguet: “1 prefer the term land degradation...”. Since the
issue has globad dimensons and the word desartification has been accepted by the world
community, its usage is not open for recdl. Rather, its gpplication seems imperative; as a Sae of
affarsthe term conveys a sense of urgency and demands responsive action.

1.2.2 Land degradation — reversible or irreversible

Land is a naura component of an ecosystem. It is composed of severa dements
decribable in terms of biophysca characterigtics, including soil, water, flora and fauna,
microclimate and physography. Land serves many purposes of man, i.e, agriculture, forests and
pastures, and infrastructure development. Besides these so-caled economic uses, land performs
environmenta regulatory (ecologicd) functions dso. These ae reaed to controlling globd
waming and acting as a Snk for many harmful chemicds. Since soil, in turn, is a component of
land, its use and functions form pat of those atributed to land. Land degradation is a
manifestaion of loss in certain intrindc qudities or a decline in the land's capability to perform
vita functions (both economic and ecologicd).

From an agriculturd gSandpoint, land degradation is reflected in declining productivity
and utility. More precisdy, it is sad to have occurred when the productivity of a land use or
production system dips persgently in the face of norma weather and non-changing inputs and
management (both in quantity and kind). Blaikie and Brookfidd (1987) described it as a sort of
weskening in the capability of land to produce benefits when put to a particular land-use under a
oecific set of management options. Johnston and Lewis (1995) implied that land might be
degraded for one purpose and not necessarily for another. Apparently, land degradetion is use-
specific, management-sendgtive, and thus not necessaily permanent.  Further, an  implicit
reference to ‘a land use’ dgnifies that land can be put to severd dterndive uses. The key,
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according to FAO (1976) is “matching” of land use with land attributes. Degradation is most
likely to take place where land use and land attributes are mismatched.

Land degradation leading to loss in totd productivity is not a sudden phenomenon.
Rather, it tends to occur dong a retrogressve pathway. In the initid dages, the reduction in
potentid productivity is low. A persstent productivity loss of 10% (Dregne and Chou, 1992) to
15% (Sehgd and Abrol, 1994) is consdered ‘dight degradation’, which can be overcome by
adopting appropriate  management practices. If ignored and land degradation is dlowed to
proceed, productivity declines further, a stage is reached when conventiond agronomic practices
ae found inadequate to regain this lost capacity. Amdioraive management then becomes
necessary. This stage of degradation is called ‘moderate degradation’ and corresponds to a
potentiad productivity loss of 10 to 25% (Dregne and Chou, 1992) or 33% (Sehgd and Abral,
1994). Although mgor improvements to restore productivity are required, these can 4ill be
managed at the fam level (Oldeman, 1988). Land degradation is considered severe (Dregne and
Chou, 1992), srong (Oldeman, 1988) or high (Sehgd and Abrol, 1994) when the productivity
loss reaches 50% to 66%. Up to this point, land degradation is cdled reversble because
resoration of land is ill possble, dthough a high costs and with mgor engineering works.
Further degradation makes a land unreclamable economicaly. This stage of land degradation is
effectively irreversble.

It is the inddious progress of land degradation that leads to irreversble desertification.
Had the reversble degradation been noticed and serviced in time, the spread of irreversble
degradation would have been far less than it is today. In our opinion, enduring revershble
degradation should be congtant monitored constantly and serviced timdy. There is no wisdom in
logng a kingdom for want of a nail. Hence it seems senshle to treat reversble land degradation
as an integra aspect of desartification as is currently practiced. All assessments of areas affected
by desertification (UNEP, 1991, Dregne and Chou, 1992) include those with reversble
degradetion, except for the dightest forms of degradation. A fdl in potentia productivity of >
15% of a land use/production system, but persstent in time and space, ddineates areas suffering
from desetification. The area affected by very severe and thus irreversble land degradation
congtitutes merely 2.2% (78 M ha out of 3592 M ha) of the tota area affected by desertification
(Dregne and Chou, 1992).

1.2.3 Land degradation — role of man and climatic variations

Conceptudly, land degradation sets in (1) when the potentid productivity associated with
a land use sysem becomes nonsudanable or (2) when the land is not able to perform its
environmentd regulaiory function. This implies that land - normdly a renewable natura
resource - has logt reslience (i.e, its ability to recover from a disturbance) and in the process has
patidly or totaly logt its renewable potentid. Except for some chaotic natura phenomena,
degradation is manly due to interaction of the land with its users or community of user
organiams. Of dl the organisms dependent on land for their surviva, humans and their support
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gystem assert an overwhedming influence on it. In the firg ingance, land has a finite capacity to
support diverse organisms cdled “"carying capacity”. If the carying capacity is exceeded
perssently, land gets progressively degraded and loses the ability to renew itsaf (see box on
next page and Figure 1). Secondly, mismatches of land use and land attributes lead to
degradation. Since humans determine land use, Blaikie and Brookfield (1987) suggested that by
definition land degradation should be consdered a socid problem. Thirdly, resorative
management, including appropriate inputs and technologies, can reverse the negative effects of
exploitation by human numbers and/or land misuse. Lacking the cgpability to invest in restoring
inputs, smal and margind farmers the world over are doomed to exploit their limited resources
often leading to land degradation. Additionaly, land use policies (typicaly ownership rights and
rules governing tenancy) that do not recognize and protect the formd rights of land users
encourage overexploitation and discourage adoption of rdativey permanent land conserving
technologies (Syers et al., 1996).

Along with anthropogenic factors, a range of natural factors endemic to territories
susceptible to desartification are believed to influence the progress of land degradation (Blakie
and Brookfied, 1987; Barrow, 1991 and La, 1997a). Year-round aidity limits bio-productivity
and dows down the processes of soil development, resulting in poor qudity soils (Stewart et d.,
1991). These environmenta disadvantages meke dryland ecosysems more fragile (readily
susceptible to damage). It is, however, the fluctuating rainfdl patterns, which has attracted
maximum atention in dryland regions. In regions susceptible to desartification, coefficients of
vaiation of annud precipitation frequently exceeds 30%. Fifty percent of the rainfal often fdls
in less than 10% of the rany days associated with intensve sorm events. It is this high
vaiadility that mekes dryland regions dimaicdly ungtable and particularly prone to drought. In
fact, drought and desatification have been rdated so intimately that the former is often
associated with the incidence of desartification (UNEP-UNCOD, 1978; Ahmad and Kassas,
1987).
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THOU SHALT NOT TRANSGRESS THE CARRYING CAPACITY

“Thou shdt not transgress the carrying capacity” (Hardin, 1999) — a fundamenta
ecologicd principle — highlights the limits that nature imposes on man when it comes to the use
of a natural resource such as land. Forgetting this badc fact, that physica boundaries of land
can not be dretched with ever-growing population, sets in motion a vicious cycle of events
leading to land degradation and desertification with dire consequences. The world's population
doubled between 1960 and 1999. In 1998, 80% of the world's population lived in developing
countries with only 58% of the tota land area and 54% of the cropland area (WRI, 1998). Thus,
these regions had to meet the needs for more food, extra fud to cook it and additional housing
and non-agriculturd purposes from relatively less land area. The pressure to grow more food
forces the raigng of crops in quick successon, thus shortening the fdlow period. This robs the
land of time and opportunity to rguvenate, as it did as long as lands were vast and population
was limited. As organic maiter depletes, soil dtructure deteriorates. Structure-poor soils fdll
pray to eroson, the principad soil-degrading factor (Oldeman et a., 1991). The denudation of
fertile topsoil by erodon imperils the sugtainability of agriculture. As productivity fdls, the
land’'s carying capacity shrinks. This makes a soil fragile and further exposes it to forces of
degradation.

In addition, gmndl-scde and margind fames who dominate agriculture in the
developing countries, have few options to raise crops other than food, irrespective of the
auitability of their land holding. According to FAO (1976), mismatches of land use and land
atributes induce land degradaion. Then the temptation to intendfy land use beyond its
carying capacity is a common compulson of smdl-scae and margina farmers the world over.
With limited &bility to invest in redorative inputs productivity fals and land degradation
exacerbates.

In order to fulfil ther timber and energy needs, humans resort to deforestation.
Dedtruction of forests for fud wood is far grester in the developing countries with high
population and lower availability of commercia sources of energy. Forests are dso diminated
to gan more aea for agriculture. In the process, the vegetative shiedd againgt the forces of
degradation is dripped off. Lands having thinner vegetative cover are known to degenerate
fadter. Likewise, farmers encroach upon cropland to serve the requirements of a growing non
agricultura sector. Per capita cropland declines as the population increases. Generdly, it is the
better qudity cropland which is the man victim. In margind lands, populations dso drive to
supply their needs by maintaining large herds of domestic animas. Exceeding the number of
animas limited by the land'scarrying capacity degrades pastures, leaving behind plant life of no
or low ggnificant economic or fodder value. No wonder then that three out of every four
hectares of degraded land worldwide (whether cropland or rangeland) are located in developing
countries.
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Although evidence is not adequate to link drought to the onset of land degradation, the
consequences of land degradation are most pronounced under drought conditions (Dregne, 1978,
Hare, 1985, and Mainguet, 1994). During the last 30 years or S0, decreasing ranfdl with
increasing abnormdlity trends have been observed in Africa (Hulme, 1992 and Zeng et d., 1999).
Because of the condggtency, these trends suggest a change in climate. Elsewhere, consistent shifts
in precipitetion (increesng abnormaity and decresse in mean annua precipitetion) have not
been observed in near the same degree (Srivastava et d., 1992). Furthermore, Agnew et d.
(1995) could not prove a reationship between climate change, drought and desertification. It is
this lack of conggtency that leaves the role of drought in initiating land degradation uncertain. In
fact, UNEPs 1990 definition (see Mendoza, 1990) attributed land degradation/desertification
mainly to adverse human impact. However, neither the role of prevailing dimatic variations in
intensfying land degradation, nor the influence of globd warming on land degradation, should
be ignored when designing strategies for combeting it.

Thus, the evidence links land degradation directly to human actions and indirectly to
climatic variaions (drought). While decline in productivity is the primay messure of land
degradation, its effects on land are witnessed through the loss in qudity of soil, water and
vegetation - the three ecologicdly and economicdly important attributes of land. How land
becomes degraded through loss of sustainable use of soil, water and vegetation is presented in
Fig. 1.

Based on the above, we propose tha the definition of desertification should include
referenceto:

Human action as the causative element

Land degradation as the driving process

Decline in economic productivity of biota beneficdd to man and his animd
support system as the indicator. The decline in productivity must be persgent in
time and applicable to a land use or a production system. A 15% fdl in potentid
productivity is suggeded as the threshold limit to mak the beginning of
sgnificant effects of land degradation

Climatic variability (incduding short-term and long-term incidence of drought) and
restorative management as the modifiers of the lossin potentia productivity

arid, semiarid and sub-humid environments as aress of prime concern for globd
initiatives. As per UNEP (1992), territories with PIETP (the ratio of precipitation
to potentid evapotranspiration) ranging between 0.05 to 0.65 should be
designated as those susceptible to desertification.
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Figure 1: Land degradation and loss of renewable capacity of land.
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Thus, “desatification is a condition of humanrinduced land degradation that occurs in
arid, semiarid and dry sub-humid regions (P/ETP ranging from 0.05 to 0.65) and leads to a
persstent decline in economic productivity (>15% of the potentia) of useful biota related to a
land use or a production system. Climaic variations intendfy the dedine in productivity,
restorative management moderatesiit”.
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2 Desertification: Extent and Causes

2.1 Area affected by desertification

Territories susceptible to desartification are seasondly dry aess in which the ratio of
annua precipitation to potentia evapotranspiration (P/ETP) fals within the range of 0.05 to 0.65
(UNEP, 1992). Polar and sub-polar regions are kept outsde the scope of this definition.
Accordingly, drylands occupy 39.7% (~ 5.2 billion hectares) of the globd land area (~ 13 hillion
hectares). Within the drylands, 12.1%, 17.1% and 9.9% of the world area are, respectively in the
arid, semiarid and dry sub-humid dimates. Drylands are spread over the northern half of Africa,
southwest Africa, the Middle East, northwest India extending towards Pakistan, Mexico, North
America, the western coast and southern tip of South America, and a large pat of Audrdia
(Grainger, 1990). They dso occur in centrd Ada and North of China The mgority of the
drylands occur in Africa, Ada and Audtraia. These continents, contain 37%, 33%, and 14% of
the globa dryland ares, respectively (Dregne, 1983).

Since the holding of UNCOD in 1977, estimates of the extent of areas dready desertified
were congtructed at least on three occasions (Table 2).

Table 2: Estimates on the status of desertification by FAO/UNESCO/WMO (1977),
FAO/UNEP (1984) and UNEP (1991)

Assessment FAO/UNESCO/WMO FAO/UNEP UNEP
Parameter (2977) (1984) (1991)
Climatic zonelimitsto Arid, semiarid and sub- Arid, semiaridand  Arid, semi-arid and
describe desertification humid sub-humid dry sub-humid
Dryland area (million 5281 4409 5158
hectares)

Desartification affected 3970 3475 3592
area* (million hectares)

Percentage of dryland 75 79 70
area affected by

desertification

* Moderately, severely and very severdly affected areas
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The inconsgencies in these edimates were due primarily to variable criteria gpplied to
delineste drylands (Bruins and Berliner, 1998). Redricting the definition of desertification to the
bounds of dry sub-humid areas ingtead of dl humid territories was a key difference between the
1991 assessment and the earlier estimates of 1977 or 1984. The 1991 caculations yidded 3592
million hectares (M ha) out of a total dryland area of 5158 M ha (~ 70%). Of the area considered
to be desartified, as much as 93% (3333 M ha) was found in rangelands (Dregne and Chou,
1992). Irrigated and rainfed croplands made yp the remainder 7% (~ 1% or 43 M ha and 6% or
216 M ha, respectively). Within the total area affected (Figure 2), 1484 M ha, 2030 M ha and 78
M ha have been classfied as suffering from moderate, severe and very severe forms of
degradation, respectively (Dregne and Chou, 1992).

Figure 2: Global estimates of drylands suffering from reversible (moderate + severe
desertification) and irreversible (very severe desertification) land degradation.
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Data source: Dregne and Chou (1992).

2.2 Causes of land degradation

Land degradation occurs when the land's use by man is incongruent with the land's
atributes (FAO, 1976). Man uses land (13 hillion hectares - B ha) in four different ways (FAO
Statistics Database cited in WRI, 1998).

(1) Cropland, including lands under temporay and permanent crops, temporary
meadows, market and kitchen gardens, and temporary falow (1.46 B ha);

(2) permanent pasture, land used for five or more years for forage, including naturd
vegetation and cultivated crops (3.41 B ha);

(3) forest and woodland, including land under naturd or planted stands of trees, as wdl
as logged-over areas to be reforested in the near future (4.18 B ha); and
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(4) other land or other uses, which includes uncultivated land, grasdand not used for
pasture, built-on areas, wetlands, wastelands, barren lands and roads.

Of the 1.46 B ha of cropland (including permanent cropland), barely 255 million hectares
(18%) are irrigated. More than haf of it (145 million hectares or 57%) is located in the drylands
(UNEP, 1991).

The digribution of the earth’'s land resources among various uses (Figure 3) is indicative
of current (1992-1994) use datus and is by no means fixed. According to Richards (1990), the
world's arable land area increased from 265 M ha in 1700 to about 1500 M ha by 1980; arise of
466%! During the same period, the world lost 1.2 B ha of forex and woodland — a loss
equivaent to one out of every five hectares. In fact, these shifts of area from one land use to
another continue even today.

Generdly, population rise, indudrid growth, and societd affluence influence these area
shifts. As long as the change from one use to another does not produce direct adverse effects on
land qudity and/or the new land use is sudanable, shifts should be guided by need and
availability. But both are often blatantly ignored when decisons on land-use shifts are made. For
instance, over the last 50 years, the world's loss of 33% of its forest cover was accompanied by a
loss of 25% of itstopsoil (Gates, 1999).

Figure 3: Distribution of earth’s land resources (13.04 billion ha) among various uses
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Data source: WRI (1998)

As a consequence, the role of land as a snk for carbon dioxide is dso lost. The likey
results are accderated globa warming, shifts in biodivergty, and a possble incresse in ranfdl
anomadlies. All contribute, directly or indirectly, to greater land degradation and desertification.

The cropland area since 1950 has incressed by about 25%. Maximum growth in cropland
aea is happening in the developing countries, driven by the need to feed ther burgeoning
populations. This is shown by trends in growth of cropland area during a recent decade (1982-84
to 1992-94) (WRI, 1998). While the cropland area in the world as a whole rose by 2.0%, its 4.8%
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growth in the developing countries contrasted with a fal of 1.1% in the developed world. The
corresponding population grew by about 1.7%, 2.0% and 0.5%, respectively. New arable areas in
the developing countries were evidently obtained by clearing natura vegetation and by diverting
land from “other uses’. In dl likelihood, the diverted area was less suitable for arable farming
and thus more vulnerable to degradation. In the future adso, developing countries with relaively
less land area (58%) and greater popuation (80%) (WRI, 1998) are expected to put more
pressure on the land and will be compdled to make further adjusments among different land
uses. How population growth and land-use policies influence the shifts in land use and affect
land degradation leading to desertification are discussed below.

2.2.1 Population growth, land use and land degradation

Over the past few centuries, the rate of increase in arable area has dowed down, athough
population growth has not. For ingtance, the reative increase in arable land was 103% from 1700
to 1850, and only 28% from 1950 to 1980 (Richards, 1990). However, population growth
continued unabated. Againg the nine-fold surge in population from 1700 (0.7 billion) to 1999 (6
billion) the arable area has spread only about five fold (Richards, 1990 and UNDP, 1998 on+
line). Accordingly, per capita cropland availability has fdlen from 0.39 ha to 0.22 ha, (Figure 4).
Opportunities for adding cropland area are shrinking fast, so the rate of cropland expanson is
expected to fal further in the future. The present growth rate of arable land (0.2%) is only one
sventh the growth rate in population (La, 1997b). The decline in per capita cropland
avalability will be paticulaly shap in the deveoping countries, where 94% of the future
population growth (74 out of 78 million each year) will occur (UNDP, 1998 ontling). In Sub-
Saharan Africa, for ingance, land holding per capita of 1.6 ha in 1990 will drop to 0.63 ha in
2025 (Norse et d., 1992 cited in Scherr 1999).

With humanity's need for food increasng, declining per capita cropland avalability will
lead to intendfied use of dready dressed resources in the developing countries, which include
more than 80% of the countries suffering from desartification (Dregne and Chou, 1992). Out of
the total degraded soils within the drylands of the world, about 70% (691 M ha out of 1035 M
ha, according to Thomas and Middleton, 1996) are concentrated in the heavily populated Asan
and African countries.
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Figure 4: Growth in population and its influence on per capita cropland availability.
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Source: Richards (1990), UNDP (1998 on-line) and WRI (1998).
2.2.1a Population-poverty-land degradation nexus

Mounting population pressure on more or less fixed land resources leads to divison and
aub-divison of land holdings. Reduced holding sze further margindizes the smdl-scale farmers.
According to FAO, as the fams become smdler, production per person declines and
landlessness increases, which aggravates poverty (FAO undated document available on-line).

Figure 5: Population-poverty-land degradation nexus
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In turn, poverty fosters nonsustainable land management and causes land degradation
directly. Poor famers encroach upon forests, use cleared lands for farming without land
conservation mesasures, overgraze rangeands and use unbalanced fertilizer practices — dl
indirectly leading to land degradation. Productivity fdls land shortages become increasingly
severe and poverty multiplies. The sequentia nature of the populationpoverty-land degradation
nexusisilludrated in Figure 5.

2.2.1b Mismatches of land attributes and land use

Progressive additions to cropland area are derived from deforested areas (Richards, 1990,
and LeHouerou, 1992) and land under “other uses’ (WRI, 1998). Typicdly, such land cover
conversons are fraught with dangers of increasing land degradation on two counts. Firgly, the
land that is diverted is not well suited for agriculture because opportunities for transferring good
copland have dready mostly been exhausted. Secondly, their inherent low productivity
contributes little, if at dl, to improving the generd conditions of the holders. “Poverty limits the
opportunity for protecting and enhancing the environment because poor people have few options
but to exploit the natural resource base in order to attain food security” (CGIAR, 1994). For
grdl-scale and margind famers, who are the mgority of farmers in the developing world,
exploiting the land for food production becomes a judtifidble drategy to ensure family survivd in
the present. With the overwheming prevaence of this near-sighted land management, processes
of degraddtion st in and sudtainability is imperiled. The lack of means for invesment in basic
restorative management and lack of knowledge prevents farmers from halting land degradation.

2.2.1c Out-migration

Ancther effect of increasing population is the out-migration of displaced farmers to cities,
snce locad opportunities for aternative economic activities are low or poorly developed (UNSO,
1994 ontline). However, the benefits of migration in terms of lessening pressure on land are
difficult to redize when migration does not keep up with population growth. Further, migration
preferentidly drains village communities of the mogt able-bodied workers. Consequently,
human-energy resources for land-improving eactivities are severdy depleted, thus leading to
further impoverishment of land resources. Myers et d. (1995) showed that today in parts of
Sudan many families have more land than labor to cultivate it.

2.2.1d Expanding cities

As they absorb migration from rurad aress, and with increased indudridization, cities of
the developing world are growing at unprecedented rates. Expanding cities need more and more
land, which is genedly obtaned a the expense of prime agriculturd land in the urban
peripheries. Shifts of this kind are dready occurring in China (Bongaarts, 1998) and India
(Katyal, 1997a) — two agriculturad giants and the most populous nations on earth. Consequently,
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the areas affected by land degradation increase since it is poor qudity lands taken from *“other
uses’ that must compensate for the loss of high qudity land in the vicinity of cities.

2.2.2 The lack of holistic approaches

In former times, when land was more abundant, and the people were fewer, tracts of
cultivated land were left fdlow after a few years in order to rguvenae (shifting cultivation).
With population growth, this has dramaticaly changed towards ever-shorter falow periods. The
indigenous faming sysems were based on extensve-area practices. Ther inherently low-
yidding ability was in harmony with the environment, snce they sddom overstepped the limits
of the carrying capacity set by nature. In time, however, low-productivity sysems have logt
relevance in view of the ever-increesng demand for food and fiber. While the present-day high
intengty farming practices are designed to support high productivity, they appear to be non
sudanable in the absence of holigic land management. A holisic land management gpproach
satidfies the needs of the dakeholders in an economicdly favorable way while smultaneoudy
including curative measures to preserve the qudity of the land and prevent its degradetion. In
essence, it bdances the economic benefits of a technology againg its environmenta
consequences. More commonly, the former is pursued while the laiter is ignored. This happens
because the vast mgority of the poor smal and margind farmers cannot afford the replacement
costs of lost cultivated soil, used water or extracted vegetation. Typica examples are: irrigationt
mediated waterlogging and <dination; over-development of underground water (extraction
exceeding replenishment) leading to intruson of sdine waters and drying of wells, unbaanced
fertilizer use and devdopment of micro- and secondary-nutrient deficiencies, inefficent use of
fertilizers whose reddues cause environmenta pollution; abandoning organic manures in favor
of chemicd fetilizas leading to nutrient deficencies <ol fragility, and excessve tillage
acclerating organic maiter loss and globd warming. Mainguet and Letolle (1998) vividly
described the damaging effects of the indiscriminate use of agro-chemicas on soils and waters in
the Ard Seabasin.

2.2.3 Land use policies and land degradation

Land ownership and security of tenure are necessary for smdl and margind farmers to
adopt a long term view to consarve and invest in land and water conservation measures or to
adopt tree cultivation (Syers et d., 1996 and Whitesde, 1998). Diverse sysems of land
ownership and tenure systems exist across continents. In Africa, land access is mostly through
traditional/communa entittements. According to Syers e d. (1996), famland distribution works
differently under two contrasting Stuations. When the population is low, the headman distributes
the land among farmers who have access to land and naturd resources but no entitlement rights.
Inheritance by the first descendents (i.e, sons and nephews) is permissble, sde of land is not
dlowed. Consequently, farmers do not take long-term measures, as they have no guarantee that
they will profit from them in the future. In the second system, where land is scarce, a piece of
land is assgned to one famer (a kind of incipient title deed). A kind of loose ownership
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supported by direct inheritance dimulates longer-term  invesments in land and  perennid
plantations. However, in this sysem there is a need to introduce mechanisms to protect the rights
of less powerful famers, particularly women (Whitehead, 1998). Women farmers, who are most
of the food producers, are not alowed to buy inputs or own the land (Syers et a., 1996). In Ada,
the land tenancy system is more complex. It varies between freehold and tenancy of land. Land
improvement through permanent soil and water consarvation dSructures is generdly ignored
where tenancy isinsecure (Syerset d., 1996).

Land tenure sysem and land use policies have a mgor influence on land degradation
aigng from animd husbandry, which forms an integrd pat of the tota agriculturd production
sysdem in the drylands Of the three livestock-based production systems identified by Gefu
(1997) in Africa, transhumance pagtordism, the seasond movement of livestock across fodder-
yielding ecologies (the other two are mixed farming and ranching), has been affected most by the
land use policies and land use shifts. Consequently, it has been both a victim and a cause of
ingability of rangdands leading to ther degradation. Firsly, on community lands, catle-
herders rights are limited to the use of forage resources (Syers et d., 1996). As the cultivated
area spreads, the rangelands shrink. LeHouerou (1992) cited a number of case studies from Asia
and Africa that pointed to an increase in arable area a the rate of 0.5 to 0.7% per annum across
severd countries. The gain in arable area took place a the cost of areas under natura vegetation.
This converson put more pressure on the reduced rangdands as the number of animds
continued to increese (Kassas, 1992). Secondly, indead of srengthening the community-led
rangdands management — a step necessary for the sustenance of common property resources —
severd African governments nationdized the rangdands (Swift, 1982). Nationdization proved a
retrogressive step (Warren and Agnew, 1988), snce it encouraged individud exploitation aganst
community needs. The lack of an effective sysem of group management (Livingstone, 1977)
was the primary cause of degradation and collgpse of commundly-hed rangdands used by
individua pastordists (Hardin, 1968).

The subsgtence of transhumance pastordism has suffered due to the dissppearance of
grazing grounds (LeHouerou, 1992 and Gefu, 1997). Shrinking grazing lands led to the
edablishment of grazing reserves by expanding the borewell water resources. Sedentarization
and concentration of herds around ther new homes crested problems, previoudy unknown.
Intensfied year-round grazing by animds left hardly any room for regeneration (LeHouerou,
1992). It caused the virtud dimination of the herbaceous cover, thus severdy affecting the
carying capacity of the rangdands. The bio-diverse rangdand environment had been naurdly
tuned to support multi-species large herds having plant-specific feeding habits (Swift, 1982). The
advantage of endemic plant diveraty was log with the switch to sngle-species cattle husbandry
(Thomas and Middleton, 1996). Ultimately, the rangedand became inadequate to cary the
origind stocking ratios. It became, de facto, a case of overstocking contributed by inefficient use
of the natural rangelands resources.
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In addition to causng vegetation dedtruction, sedentarization dso led to degradation of
rangeland soils. Repested trampling of the areas in the vicinities of the waterholes worsened the
Stuation, since it enhanced loosening of the soil surface with the consequent occurrence of sheet
eroson, windblown loss of topsoil, and reactivation of ancient sand dunes (Ayoub, 1998). One
out of every five hectares of rangdand affected by desertification suffers from soil degradation
(Table 3) modtly of the irreversble category (Dregne and Chou, 1992). Denid of formd rights to
land has dissuaded herders from adopting long-term agricultural practices and have provided
little incentive to implement soil conservation practices (Syerset d., 1996).

Herders are continuoudy pushed out of their age-old grazing territories (Sghaier and
Saewert, 1993) due to gwinking grazing lands, declining rangdands qudity and dedlining
carrying capacity (Thomas and Middleton, 1996). Yet, the number of livestock has seldom been
adjusted to this changing scenario. According to Ayoub (1998), the livestock dendty of drylands
in aid and semi-arid Africa, home to the largest number of pastordigsts, exceeds the carrying
cgpacity by a factor of three to four. Violaion of the carrying capacity beyond naturd limits
remans the principd cause of the deteriorating datus of rangdands leading to desetification,
not only in Africa but esewhere dso (Jodha, 1990). Worldwide, 93% of the desertified area
(3333 M haout of 3592 M ha) hasits origins in rangeland degradation (UNEP, 1991).

Overexploitation, continuing imbdance and mismanagement of inputs, and neglect of
land improvement due to policies of insecure tenure dl lay the foundations for unsustainable use
of the earth’s resources. In the process, soil loses qudity (SSSA, 1996) and becomes infertile,
more erodible and compacted. Within the world's drylands, of the area affected by land
degradation/desertification dmost 35% (1016 M ha out of 3592 M ha as per UNEP, 1991)
suffers from soil degradation (Table 3).

Table 3: Extent of soil degradation within the area affected by land degradation.

Land Use Total AreaWithin Area Affected by Area Affected by
Category Drylands (M ha) Land Degradation Soil Degradation
(M ha) (M ha)
Irrigated cropland 145 43 43
Rainfed cropland 457 216 216
Rangdand 4556 3333 757
Tota 5158 3592 1016

Data source: UNEP (1991)
The preponderance of evidence presented thus far confirms that land degradation is a

man-made problem. It is not a new phenomenon and has been in exisence since the dawn of
agriculture (Barrow, 1991 and Hilld, 1991). What is new is the intendty of degradation in recent
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times. For example, Rozanov et d. (1990) showed that the soils of the world on average lost 25.3
million tons (M tons) of humus per year Snce agriculture began some 10,000 years ago.
However, these losses were an average of 300 M tons per year in the last 300 years and 760 M
tons in the past 50 years, thus appearing to be wdl corrdated with the growth of population,
expangon of croplands, destruction of vegetation, globd warming and emergence of yidd-
enhancing technologies. In essence, the last 50 years have been a saga of economic growth and
ecologicd losses, both inequitably distributed. The inherently disadvantaged  dryland
environments have suffered relatively more ecological damage and less economic gain. Despite

al knowledge regarding the causes of land degradation, it continues to spread a a rate of 6 M ha
per annum (FAO/UNEP, 1984).
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3 Process of Land Degradation

On an overdl bass, sugainable land use implies harmony between man's use of land and
the land's ability to maintain or renew its qudity. Degradation sets in once this baance is ups,
and soil, water and vegetation — the basc dements of land — are damaged, as manifested in
svad dffeent ways (1) Soil loses life-sudaining topsoil (by eroson) and some essentid
nutrients (thus developing nutrient imbaances), accumulates harmful chemicas (by sdinization,
dkainization or acidification), or develops physicd deformities such as compaction or texturd
discontinuity in the profile (induding hard-setting and pan formation).
close to or above the soil surface (waterlogging) or becomes scanty or sdty. (3) Vegetation loses
productivity of useful plants due to sysematic devegetation (deforedtation), overgrazing by
livestock, and invasion by less useful species (resulting in loss of biodiversity).

(2) Water accumulates

Figure 6: Man induced processes of land degradation- interconnectivity and simultaneousness

in occurrence
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Depending upon the nature of damage to the land, processes of degradation are classified
as physica (eroson, soil organic carbon loss, compaction, waterlogging), chemica (sdinization,
acidification, nutrient imbaances), and biologica (rangdand degradation, deforestation, loss in
biodiversity) (La, 1997a). Their combined results are ruinous. A poor date of vegetation and a
concomitant loss of organic matter are both a cause and an effect of accelerated erosion.
Waterlogging, sdinization, vegetation degradation cycle is another example. In this vicious cycle
of land degradation, a process can reinforce another a one point in time and be reinforced at
another. This spird feedback between processes, with eroson as the centra process of land
degradation, is presented in Figure 6. The prominence given to erosion reflects the fact that 87%
of the world's degraded soils are ascribable to this single process (Figure 7).

Figure 7: Proportions of dryland soil area affected by various processes of soil degradation
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3.1 Erosion

The trandocation of topsoil from one place to another by eroson is a process engineered
by the forces of moving water (water eroson) or wind (wind eroson). Eroson is a naurd soil-
forming process. However, when accderated by human actions, eroson increases in intengty
and soil displacement greetly exceeds soil formation, bringing soil degradation in its wake.
Decreasng infiltration and increesing runoff provide the basic conditions for water eroson. This
condition occurs universdly, as reflected in the regiond digribution of water eroson (Figure 8).
Tropicd rains often descend as violent storms (Huda et d., 1985), which invariably produce
runoff. In comparison, al that is required for wind eroson to occur is a minimum wind shear
dress that can detach and force the movement of naturdly held soil particles from ther place.
Evidently, soils with smooth dry and loose surfaces offer the least resstance to blowing wind

and are paticularly vulnerable to wind eroson. Hence wind eroson is most pervasve in arid
regions (Figure 8)
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In the naturd doate, soils are generdly protected from accelerated eroson by the
aboveground and below ground parts of plants. Aboveground plant cover, provided by stems and
leaves, diminishes the potential of wind and water to erode soils by acting as bariers to thar
dedtructive forces. Roots, on the other hand, reduce eroson by binding and anchoring soil
particles. Crown dendgty — an index of ground cover provided by the vegetation - Sgnificantly
influences the intengty of eroson as measured by the annua soil loss per unit area. A reduced
cown dendty (whether due to overgrazing of rangelands, deforestation, or destruction of
vegetation by intentiond or accidentd fires) results in a greater intengty of eroson (Singh et d.,
1992).

Figure 8: Influence of climate on the distribution of area affected by wind and water erosion
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Source: Middleton and Thomas (1997).

In addition to acting as a barier agang the forces of eroson, vegetation aso provides
some indirect eroson-mitigating effects. Polysaccharides — among the decompostion products
of organic mater - bind soil paticles together in discreet dructurd units. Soils with dable
aggregates resst eroson, snce they dlow more water to infiltrate and thus reduce runoff. With
vegetation removed, soils tend to lose organic matter and the minerd soil particles tend to
disperse. In the denuded date, soils tend to compact, harden, lack efficient water-intake
characteristics, and become extremely exposed to water eroson. Dispersed soil particles dso are
scoured more readily by wind.

The hydro-transmisson characteristics of a soil profile or coddiness of the soil and the
dope of the surface determine the onset and subsequent intendty of erosion. Soils ressting the
infiltration and percolation of water are more susceptible to water eroson, while soils with a
non-cloddy, pulverized surface are vulnerable to wind eroson. The most abundant soils in the
semiarid tropics are Alfisols (Stewart et d., 1991). These are unusudly exposed to eroson due to
their dructurd ingability (which encourages crusing and hard seting, and obstructs water
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infiltration), limited rooting depth and the tendency to occur on dopes rather than in valey
bottoms. Aridisols and Entisols - the two other soil Orders dominating arid and semiarid tropics
(Dregne, 1976) - though porous, are prone to wind eroson due to the mostly dry surface and lack
of stable dtructure. Ther tendency to sdf crusting makes them vulnerable to water eroson as
well. The more productive but less extensve Vertisols (black clay soils) (Stewart et a., 1991)
are prone to severe water eroson because, once saturated, they become virtudly impervious to
water. Whatever the soil type, it is the factor of dope that determines the erosve power of
running water. The longer and steeper the dope, the greater the erosve power.

Among various processes of degradation, eroson is the number one process causing the
most extensve degradation of soils around the world (Oldeman et d., 1991). In drylands, the
contribution of erosion to overd|l soil degradation amounts to 87%. Of the total area (1642 M ha)
eroded worldwide (Oldeman et al., 1991), about 55% (900 M ha) are found in drylands (UNEP,
1992). Whereas the degradation arisng from water eroson is ubiquitous, wind eroson is most
common in semiarid and aid environments (Figure 8) (Middleton and Thomas, 1997). Africa
harbors the largest area affected by wind eroson (Table 4). In the world's drylands, wind and
water eroson conditute 42% and 45% respectively, of the tota soil degradation. These data
suggest that in developing drategies to fight desertification, high priority should be accorded to
the control of erosion.

Table 4: Distribution of areas affected by various processes of soil degradation
(in millions of hectares)

Continent Erosion Physical Chemical Total
Water Wind

Million ha
Africa 119 160 26.5 13.9 319
Ada 158 153 50.2 9.6 370
Audrdia 70 16 0.6 1.2 87.2
Europe 48 39 4.1 8.6 99.7
N. America 38 38 2.2 1.0 79.2
S. America 35 27 17.0 0.4 79.4
World 467 432 100.6 34.7 1035.1

Source: (UNEP, 1992) (Totals may not add up exactly due to rounding of figures).
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3.2 Salinization

In drylands, irrigation has been the key to overcome the adverse effects of recurrent
droughts. Irrigation has been vita to ensure food for a growing population. Despite the short-
term benefits measured as increases in crop yidds, irrigation-based agriculture has been fraught
with ingability. Kassas (1987) labded irrigation of drylands “one of the seven paths to
desartification”. According to Hilld (1982), mismanagement and misuse of irrigation schemes
al too often make them sdif-destructive.

The roots of the irrigation related problems lie in the wasteful and inefficient use of
irrigation water, both before it reaches the fam and after it is gpplied to fidds. The conveyance
of irrigation water through improperly lined cands leads to seepage and results in a rise of the
water table. This happened, for example, in the cand-irrigated areas of both Pekistan (El-
Hinnawi and Hashmi, 1982) and India (Singh, 1992). Transmission losses can be as high as 30%
before water from canals reaches the fidds (Murthy and Takeuchi, 1998). In flood irrigation,
which continues to be the most prevaent method of irrigation, water application rates invariably
exceed plant requirements. Efficiency of water use by flood irrigation seldom reaches 50%,
athough application methods are available to raise it to 85% (by sprinkler) or 95% (by drip). The
ineffident use of waer sours problems of waerlogging and sdinization (as wdl  as
dkainization). In India (Table 5), a massve expanson in the cand irrigated area was followed
by an equdly huge increase in the areas affected by waterlogging and dinity (Singh, 1992).

Table 5: Development of saline and water logged area associated with some Indian canal

commands
Project Waterlogged % of Saline Area % of
Area Command (1000 ha) Command
(1000 ha) Area Area
Ramganga 195 10 352 18
Gandak 562 53 400 38
Nagarjuna 114 24 69 14
Sharda 260 7 253
Chambal 99 20 40
Mahi 89 39 61 29

Source: Singh (1992).

The devdopment of waterlogging and dinity/dkainity is an outdanding example of
man’s role in inducing land degradation in areas that did not pose any problem earlier. In most
arid soils, dts resde a some depth below the soil surface (primary sdinity) and as such pose a
minimal threst to plant growth. In some aress these sdts may concentrate at depth, with the
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location of accumulation depending upon the depth of rainwater leaching (Singh, 1992). These
sdts remain in Stu because in dry aress the topsoil dries out faster than the dissolved sdts can
move toward it by capillay rise. However, following the introduction of irrigation, water may
penetrate the soils to depth where it reaches the native sdts adlowing them to rise to the surface
(@ phenomenon known as secondary sdinity) where it becomes harmful. The inddlation of
drainage systems is a viable solution to combat the development of secondary sdinity is often
lacking due to cost cutting in irrigation projects so as to promote adminidirative acceptability. In
the early years of an irrigation project, drainage continues to be ignored because problems from
st devdopment are dill limited and the benefits of a drainage sysem gopear inggnificant.
However, with the passage of time, as the sdts accumulate to toxic levels, the introduction of
drainage may become cost prohibitive and its amdiorative effects low and dow.

If preventive steps are not taken, the irrigationrinduced rise of <dinity will reman a
serious problem, making agriculture increesngly difficult to sustain. According to  Ayoub
(1998), the world is losng between 1.0 and 1.3 M ha of irrigated lands annudly due to
«inization - mainly of drylands. UNEP (1991) has reported the degradation of some 43 M ha of
irrigated lands, representing 30% of the irrigated area in the world's drylands (145 M ha), which
are prone to sdinity related problems (Table3).

In the water-scarce areas of the drylands, sdinity can dso develop due to irrigation with
underground waters. Two pathways contribute to the devdopment of <dinity. Firgly, regular
goplication of naturaly occurring sdine waters is locationspecific and limited. The second
pathway involves the use of genuindy safe waters, a least to begin with. Ihowever, the over-
exploitation of groundwater increases the sdt concentration in the depleted aquifers. Irrigation
with sdine water then causes the surfacing of harmful sdts and spreed of sdinity. Over-
exploitation occurs when groundwater is withdravn regularly without providing for its
replenishment via rainwater conservetion. The problem increases with the growing number of
wells (tube-wdls) in an area (Singh, 1992). In India, where irrigation from groundwater went
from 12 M ha in 1971 to 24 M ha in 1991, extensve usage of groundwater in excess of the
annud replenishment has caused a depletion of groundweater reserves in many aress of the
country (CMIE, 1997). Brown and Haweil (1999) cited examples of fdling water tables from
every continent of the world.

In coada aress, overdraft of groundwater triggers the land-ward movement of seawater.
The result is contamination of fresh water aquifers with sdt-loaded marine water. Intruson of
seawater has affected coastd drylands in the Middle East (Speece and Wilkinson, 1982). In India
(Singh, 1992, and CMIE, 1997), it has sdinized a 120 km-long western coastd strip (0.3 M ha),
forcing people to abandon wells and even land.
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3.3 Vegetation degradation

Vegetation degradation as described by LeHouerou (1992) is essentidly a “long term
decrease in biomass and ground cover of perenniad native vegetation, with respect to a pristine or
primeva condition under little or no anthropozoic impact’. In other definitions, dong with
productivity shifts, changes in dructure and botanicd compodtion of the plant communities are
adso conddered to conditute vegetation degradation. Invason of grasdands by unpdatable
thorny bushes like mesquite (Prosopis glandulosa) in dryland areas of Texas and New Mexico of
USA (Schlesinger et d., 1990) is one such example of rangeland degradation. A rangeland may,
however, be degraded for cattle and sheep, but not for goats and camels, which have distinctly
different feeding habits.

Naiurd vegetation change is generdly progressve in naiure in well-endowed drylands
(eg., such areas that ae fed regularly by water-borne sediments). In contrast, retrogressive
vegetation changes occur once a degeneration of land resources takes place in response ether to
certain persgent natura phenomena or man-made processes. Naturd land degradation develops
because the sparse native vegetation and its inherently low productivity are not able to contribute
the necessary organic matter that gives life to soil and binds soil particles With this degeneration
in soil qudity, productivity fdls leading to reduction of vegetation. However, naurd
degradetion of vegedtion is typicdly gradud and often reversble (Suliman, 1988). In contrast,
man-induced destruction is mostly rgpid with diminished time or chance to compensate for the
loss.

Anthropogenic processes of vegetative degradation are causes both directly by humans
and indirectly by their animas. Humans introduce arable farming into rangelands to satisfy the
increasing needs for food and other products (LeHouerou, 1992). Vegetation is often set on fire
for the purpose of clearing vegetated land rgpidly or to diminae economicaly usdess plants
(Parry, 1996). As long as burning was light and the interva between fires ranged from six to
seven years, vegetation could regenerate (Pratt, 1967). However, increased frequency of fires has
become a mgor cause of widespread dedtruction of native vegetation and accompanying land
degradation. Moreover, a severd-fold increase in erodon and runoff followed when bulldozers
were used to remove vegetaion ingead of manud clearing (Lewis and Berry, 1988). Damage
due to fue-wood extraction is adso substantial. However, Dregne and Chou (1992) maintain that
overgrazing by livestock stands as the principa factor of vegetaion dedtruction in rangdands. In
view of the pivota place of livestock in the economy of territories susceptible to desertification,
wide-scale degradation of rangdlands is a matter of serious concern.

3.4 Organic matter loss

Organic matter in soils arises primarily from the resdues of plants and animas. It plays a
key roe in sudaning soil qudity through its regulaiory influence on soil fertility, structure,
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compactability and erodibility (SSSA, 1996). Organic matter affects soil fertility, in as much as it
determines the avalability of saverd essentid plant nutrients (Vlek and Vidhauer, 1994).
Compaction destroys soil structure, organic matter protects it (Lal, 1999). Hence, unless organic
matter conservation is practiced, soil degradation will ensue. Worldwide, 35 M ha of drylands
have been ravaged by physica degradation (Figure 6), generdly due to loss of organic carbon,
compaction and hard setting.

In soils, native or added organic metter is decomposed by the soil (micro)-fauna to
derivatives, which are respongble for its beneficid effects. Part of the break-down products of
organic matter accumulate as humus or disgppear as carbon dioxide. Practices and conditions
that favor higher and faster evolution of carbon dioxide contribute to the loss of organic matter
from soils. As tillage folds more ar into the soil, the loss of organic matter is hastened when
ils are tilled repeatedly (Ld, 1999). Deep and intensve tillage with the help of tractors
accdleraies the loss. Remova of soil-buried stubble due to tractor tillage (Thomas and
Middleton, 1996) further adds to organic matter destruction. And tractors for tillage are no
longer the exception in countries like the Sudan (Lee and Brooks, 1977), Iran (Ganji and
Farzaneh, 1990) and India (Venkateswarlu, 1994). Three to four times grester wind erosion
occurred when the traditiond country plough was replaced by tractorized ftillage,
(Venkateswarlu, 1994), with concomitant loss of organic matter. In contrast, conservation tillage
favors organic carbon enrichment of soils (La, 1999).

The speed of microbid decompostion of organic matter depends further on conditions
such as moisure and temperature. In the humid tropics, organic matter decomposition rates are
high particularly during the rainy season (Syers et d., 1996), but so are naturd additions from
the vegetation. Alternating wet and dry cycles have been found to acceerate the pace of
decompostion further (Birch, 1955). Tropicd soils, paticularly those of aid and semiarid
regions, rarely build up organic carbon reserves exceeding 0.6% (Virmani et d., 1982). Ther
counterparts in temperate environments have organic carbon levels ranging between 1.2% and
25% (Dudd, 1965). A sudy involving 57 bench mak soils from tropica India showed a
sgnificant influence of pedoclimate on organic carbon levels of soils (Katya and Sharma, 1991).
As the soils became drier (a change from an aquic to an aidic moisture regime), the organic
carbon levels dropped sharply.

Depletion of soil organic carbon has been documented as a result of (1) arable farming on
former rangelands, forest, and woodlands, (2) erosion; (3) repeated burning of organic residues
and vegetation; (4) disuse of organic manure, including remova of crop resdues (5)
monoculture without cover crops, and (6) perdstently low productivity (LeHouerou, 1992, Cole
et a., 1993 and Ld, 1995). Since the dawn of agriculture, around 60 billion tons of soil organic
carbon has been released from the soil to the atmosphere as carbon dioxide, which contributes to
globd warming (Kevin e d., 1993). It is edimated that this disgppearance is equivaent to a
single decade of globd fossil fuel combustion at the rates thet prevailed in the early 1990s.
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4 Solution to Combat Desertification

Dregne and Chou (1992) edtimated that nearly 1860 M ha, or little more than hdf of the
desertified area worldwide, requires rehabilitation. The cost of rehabilitation over a 20-year
period was cadculated to about US$ 213 hillions. If not rehabilitated, Dregne and Chou figure
that the income foregone (over a 20-year period) could equal a staggering US $ 564billions.
Further, it is estimated (FAO/UNEP, 1984) that the world tends to lose about sx million hectares
of land to degradation/desertification each year. Razanov et d. (1990) believe that this loss to
degradation is practicdly irreversble. The reliability of these datisics has been a subject of
debate (Manguet, 1994, and Thomas and Middleton, 1996). Although the accuracy of the
numbers may be argued, the massveness of the problem and its potentidly negative impact on
sustainable development is beyond question. In fact, if present trends are any indication, it is
anticipated that the severity of desertification is will increase as the pressure of population on
land mounts, with most of it in developing countries.

Solutions to combat desertification lie in controlling the causes of desetification. A
cause-treatment gpproach is the way to counter the degradation processes and to ensure
sudainability. However, the intricate web of human actions and naturd condraints that causes
desertification suggests that there are no easy ways to combat desatification. The solutions will
likdy be dte and gStuation specific. The task to dabilize and sugtain agriculturd  production in
the environmentaly disadvantaged drylands is a rea chalenge. Depending on the causes of land
degradation, detailed earlier in this report, the possble solutions for combating land degradation
should congder the following:

Climatic variahility
Irrigation water, quality of soil and vegetation management
Structural and organizationd needs

4.1 Climatic variability

Agang the background of generd aidity and irregularly recurring droughts, sustainable
food security will require agriculturd management drategies adjusted to short-term and long-
term varidions in water availability. A proper mix of adaptation and mitigation drategies will be
necessary.
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4.1.1 Crops/varieties and length of growing season

Adaptation involves fitting an organiam (from its exising germplasm or by credtion of a
new bio-type by genetic enginesring) to an environment, as well as making aterations in land
use to fit the land. For rainfed agriculture in arid environments, the length of the growing season
sets limits on the duration of cropping (Virmani, 1994). Aligning the crop/variety duration to the
length of the growing season is a fird gep in drought management. An dterndive route is to
develop plants with resstance or tolerance to drought. Selective breeding for short duration is an
effective tool to fit a shortened season due to drought. A typical example is short-duration pigeon
pea developed by ICRISAT that has given new impetus to its cultivation in areas with a limited
growing season. Biotechnology offers wide prospects for infusing shortness or dress tolerance in
cultivated plants.

4.1.2 Land management techniques

Adopting certain drought-specific land-management options can dso mitigate the effect
of low ranfdl. Solutions must be adgpted to the qudity of the land and to the avalability of
reources to the famer. A successful gpplication of these fundamenta principles of land
management can be found in Burkina Faso, Africa. Farmers there have evolved what is known as
the Zai sysdem of planting peal millet. The methodology involves digging a planting hole,
followed by placed manuring, seeding and earthing up after plant-stand establishment. Seeding
in discrete planting holes moderates population pressure and concentrates weter a the planting
dte. Sdective manuring of micro-gtes rather than over the entire field concentrates the trestment
effect and yidds high efficency. Findly, earthing up crestes a mosaic of micro-caichments for
maximum ranfdl havesing and minimum evgporative loss thanks to the cregtion of dust
mulch. Though labor intengve, Zai is an excdlent management system that acts to concentrate
scarce water and nutrients at the base of each seedling for maximum benefit. Such technologies
desarve further evdudion and development by integrating it with high-yidding stress-tolerant

plant types.

Mixed seeding of two or more crops (one of which is wudly a legume), thus combining
variable architecture, duration, and drought tolerance, has been a time-tested Strategy by farmers
to cover the risks of a fluctuating precipitation regime. These systems are cdled intercropping or
dley cropping when line-sowing of companion crops is aranged in predetermined ratios and
geometry. In normd ranfal years dl crops succeed, whilst in dry years the success of a least
the most drought tolerant crop is assured. Mixed cropping acts as a kind of safety net againgt
totd crop falure. It dso ams for higher productivity and soil fertility build up thanks to the
legume component. Scientists -recommended techniques of intercropping are experiencing poor
adoption rates. This may change once machines are developed that can sow crops in
predetermined row ratios and can be used for harvesting.
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4.1.3 Agroforestry

The economic productivity of Zai and mixed cropping is generdly not high enough to
dleviae poverty or to rase the qudity of fam life. Alternative land uses that provide continuing
economic productivity, ecologicd sugtainability, resource optimization, and overdl qudity of
life should form the core of any dtrategy to combat desertification. Agroforestry - a system of
land use with smultaneous cultivation of trees or bushes and of arable crops or pasture plants
fulfils many of the economic, socid and environmenta requistes (Kayd et d., 1994).
Integration of arable crops with trees provides an opportunity to harness the potentia of the crop
when the trees are young and do not yet yiedd an economic benefit. When the trees mature they
compensate for the reduction in crop yied through products that fulfil the varied needs of the
farmers. The presence of trees imparts stability to the sysem and spreads the risk among the
annual and perennid components. Even under severe circumdtance, a tree often survives and
provides fodder and fud (Katyd et d., 1994). It makes the environment more hospitable.
Additiondly, trees make use of off-season rains, recycle nutrients from deeper soil layers, and
suppress weeds because of their large canopy.

Agroforestry systems are suitable for areas with mean annud rainfal of about 350 mm or
more and with land capability class IV or better. Areas with lower ranfdl land cgpability
ranking may support either intercropping of trees and forage species (agro-pastora systems) or
their monoculture (Katya et d., 1994). In an agroforestry system, crops and trees compete for
light, nutrients, and water. Optimum performance depends upon their rdationship in sharing
these resources. |dedly, the presence of trees should cause a minimum reduction in crop
productivity. Under no circumstances should the tree produce dldopathic effects on crop
growth. Drought-tolerant Faidherbia albida (LeHouerou, 1992) and Prosopis cineraria (Mann
and Shankarnarayanan 1980) are typica examples of trees that benefit the crop undernesth.
Arable crops produced two and one hdf times more yied with an optimized population of these
trees than without them (Katyal et ., 1994).

Alternatively, perennia bushes of economic value may be used as they are esser to
manage in the sygsem. Henna (Lawsonia inermis) is a typicd example of a highly drought-
tolerant bush (Katyal, 1999). Its leaves yield ieddish brown dye used especidly for hair coloring.
Within a year, it gats yidding the a high-vdue commercid product. In norma ranfadl years,
the reduced productivity of the intercropped annud is less than 10% (with 1000 bushesha). In
drought years, when the yieding ability of cultivated annuas suffers severdly, the productivity
of henna is hadly affected Henna can dabilize and raise economic productivity with
environmenta sugtainability.

Agroforestry may gain gregter acceptance with economicdly atractive, multipurpose tree
gpecies, provide farmers have access to markets for these products. Trees yidding fruits, ail,
pesticides, pharmaceuticals, flavoring agents, timber, fue and fodder should be consdered. A
lig of multipurpose trees popular in the drylands of India is presented in Table 6. Smilar
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surveys are necessary to draw from the accumulated wisdom of famers elsewhere so as to
identify Ste-specific trees for multiple conjunctive agroforestry. Farmers  knowledge of locd
bushes, which abound in the drylands, should aso guide the selection of gppropriate candidates

for agroforestry purposes. If necessary, efforts should be made to develop improved genotypes of
indigenous species of trees and bushes with stress tolerance and higher economic productivity.

Table 6: A list of multipurpose tree/shrub species of agroforestry systems from India.

Tree species Utility

Multipurpose tree species

Sgpindustrifoliatus Soaps, shampoo, saponin, medicines

Azadirachtaindica Timber, fuel wood, bio-pesticides

Fcusrdigiosa Fodder, fud wood

Ricinus communis Qil, indudrid uses — resns pharmaceuticals,
greases, €tc.

Jatropha carcus Diesd oil, pharmaceuticas, pesticides

Prosopis cineraria Timber, fodder, fue wood

Lawsoniainermis Dye, pharmaceuticds

Fruit/vegetablel flavoring-agent yielding species

Annona squamosa Fruits, bio-pesticides

Zizyphus mauritiana Fruits, fodder, fud wood

Tamarindusindica Fruit, vegetable, jdly, presarvative, fud wood,
timber

Psdium guayava Fruits

Emblicaoffiandis Medicind, pharmaceuticals, pickles

Moringaolefera Vegetable, seeds used as water purifier

Muryya koenigii Flavoring for curries, pharmaceuticals, vegetable

Source: Katyal et al. (1997)
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4.1.4 Rainwater management

Water plays a centrd role in drought management and in the sustainable development of
al agriculture. Additiondly, the avalability of water is a fundamenta requirement for farmers to
invest in, other inputs necessary to support the sustainable development of drylands and secure
the necessxy credit. There ae vaious routes to secure water supply: in Stu rainwater
management, run-off harvesting and irrigation.

Ranwater consarvation is a means of drought mitigation that begins with pre-drought
management that involves maximization of in-profile storage of ranwater. Ranwater intake by
the soil profile is promoted by increesng the infiltration rate and prolonging infiltration
opportunity time. The water stored in the soil serves the growing crops during the frequent dry
spdlls. Pre-rainy-season tillage is often recommended to make the top layer of the soil more
permegble to infiltrating water. However, tillage promotes organic matter loss (Ld, 1999) and its
effects vary across soils (Abrol and Katyd, 1995). Tillage of Alfisols is generdly found to be
necessary to enhance in-Stu rainwater conservation and crop yieds (ICRISAT, 1985). The
practice of tillage dong the contour (or across the dope) and of flat seeding followed by ridging
after crop edablisiment, agppears to improve the effectiveness of tillage for rainwater
conservation. Ridging and furrowing creste a mosac of mini-catchments to trap rainwater. The
Zal sysem of cultivation dso combines the benefits of tillage and micro-catchments resulting
from planting-ste development. Broad bed and furrow (EI Swafy et d., 1985) is especidly
auitable for vertisols, which require the provison to prevent waterlogging. The effectiveness of
s0il-stored water can be enhanced by reducing post-storage evapotranspiraton losses. This is
achieved by covering the soil with organic or plastic mulch weed control.

Ingtu ranwater conservation techniques, outlined above, are often not adequate to
absorb the entire amount of tropical precipitation, which tends to occur in a few heavy storms
(Huda et d.,1988). Typicdly, between 30% and 40% of the totd precipitation is converted into
runoff. Bunds of different kinds (contour or graded) have been important means, not for in-Stu
ranwater conservation, but dso for runoff harvesting and eroson control. Despite their merit
and the avalability of government financid support, famers did not sudan the bunding
program in India, where it has been promoted over the last 50 years (Katyad, 1997b). The
program failed because it did not address farmers concerns over the disturbance of property
lines as well as over the loss of land due to the large Size of the bunds (Kerr and Sanghi, 1993).
More dgnificantly, tenant famers reman generdly opposed to making investments in
permanent land improvement techniques (Syers et d., 1996). Strengthening the property bunds
to as ameans of rainwater harvesting may offer a viable solution (Kerr and Sanghi, 1993).

Runoff harvesing has been pursued since time immemoriad (see Mainguet, 1994; Shah,
1996; and Wastdands, 1998). In a large catchment, runoff is directed to concentrate at the
drainage point of a watershed by the condruction of terraces or dams, or it is held in the natura
watercourses by means of a series of dams for subsequent irrigation, for drinking weter or for
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aqueculture.  These community-based techniques have proved their vaue in sugtaning the
livelihoods of al the stakeholders - farmers as well as herders. In the recent past, many of the
traditiond sysems have, however, fdlen into disuse due to a breskdown of community
inditutions and government interventions or takeovers. From India an aticle in Waddands
(1998) reported that legal changes in 1975 “took away the jurisdiction of individuas and village
communities over dl water sources and placed it with the government. In Jammu and Kashmir
many traditiond Kuhals were taken over by the government, but as it falled to manage them,
these traditiond systems were totdly obliterated causng difficulties in rurd communities’. The
government-supported watershed program —a technicdly sound nationad program- did not yield
sudtainable results because farmers did not fed responsble for mantaining the soil- and water-
conservation structures erected during the project period (Katya and Das, 1993 and Kerr et al.
1996). During more successful programs that followed, it became clear that financia support
adone was not an adequate incentive for sustained acceptance. The close involvement of those
who have to live with the consequences of the program was found to be the basc dement of
success (Sodhi, 1997). There is a need to revive the traditional, participatory systems of water
harvesting (Shah, 1996), which harmonized natural opportunities with community wisdom and
srengths.

Holigic ranwater management will thus necesstate (1) inditution of waer saving
techniques, (2) farmers participated and supported deveopment and sharing of harvested
ranwvaer; (3) drengthening information  disssmination  through  <kill and  knowledge
development of farmers on dternative land uses, and (4) appropriate government support to
facilitate operation on each of the interventionslisted a 1 to 3.

4.2 Irrigation water, soil and vegetation management

Management aspects of water, soil, and vegeation ae interdependent and
complementary. Treeting the management of these resources as an integrated composite rather
than as digparate e ements is the foundation for holitic land management.

4.2.1a Irrigation water — underground

The mgor difficulty with underground weter is that it dwindles if withdrawas exceed
replenishments. In most of the lands susceptible to desatification, the possbilities for
replenishment of pumped water from greaster depth are limited, and overexploitation results. It
leads to depletion of water reserves and drying of wells. The adoption of water-efficent
application systems the augmentation of supplies can lessen the burden on native groundwater.
Runoff collection in percolation ponds is generdly sufficent to refill shdlow wels Waer thus
harvested for irrigation can be saved in deeper drata. This directly contributes to the longevity of
underground water reserves and dows the surfacing of sdinity. Unfortunately, once irrigation
systems are cregted, rainwater harvesting sometimes dackens or is neglected.
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4.2.1b Irrigation water — canal

The spread of cand irrigation has been a key feature in the development of agriculture in
arid regions. Large-scae irrigation projects involving a network of cands and ther digtributries
carying water miles away from large reservoirs formed the foundation on which the so cdled
“green revolution” was built. While the sporead of prosperity in response to irrigation has been
common across countries, sugtaining this benefit has been difficult. Countries conducting water
through pipelines or lesk-proof cands and with highly efficient irrigation techniques have been
relatively successful in sugtaining the benefits from irrigation (Warren and Agnew, 1988). Isradl
is ah example of such a success. On the other hand, in countries where water was distributed
through unlined open cands and its gpplication followed inexpensve methods (flooding), the
benefits from irrigation were low and non-sugtainable (Hille, 1982). By this low-cost approach
one-third of the water was lost before irrigation and another one-third after application. So
driking has been the adverse effect of mismanagement and inefficient irrigation, that in the Sahd
“for every new hectare brought under irrigation another irrigated hectare went out of cultivation
because of bad design [or] bad management” (ICIHI, 1986, quoted in Warren and Agnew, 1988).
In India, where cand irrigation was developed rapidly for over the lagt 30 years, an andyss of
17 cand commands with the potentid to irrigate 10.7 M ha showed a loss of 15% to
waterlogging and another 12% to sdinity (Singh, 1992).

Despite today’s understanding and the avalability of preventive and remedid
technologies, the problems of waterlogging and <dinity continue to spread. Currently, the
performance of irrigation projects in India is so poor that even the maintenance and operation
costs hardly match the recoveries in the way of water duty (World Bank, 1999). Indeed, the
business-as-usua gpproach must give way to new approaches that can improve the performance
of irrigation projects and raise the productivity of applied water. According to Shanan (1998),
“delivery networks must be easy to operate and difficult to corrupt”. Provison of dranage and
grengthening of the digribution lines with brick and mortar is of prime importance. But a
cooperdive management scheme, enliging the expertise of irrigation specidists and responsve
to the water users (farmers), is needed to nsure the proper maintenance and overal performance
of irrigation sysems (World Bank, 1999). Joint management of operations would be more
transparent and it is likely to be better and more sustainable. The problems caused by the
inefficient use of water by the top-end farmers will diminish and the functioning of the system as
a whole will be more efficient. In order to enhance water use efficiency, a shift is needed from
chesp methods of gpplication (flood irrigation) to more codly but efficient techniques of
goplication (by sprinkler or drip). While government support will be necessary in this shift, its
success will depend on the development of amotivated and highly skilled human resource.
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4.2.2 Soil quality management

Soil qudity is antonymous to soil degradation. The key soil qudity attributes that are to
be sabilized or improved in order to combat desartification are soil fertility, erodibility, and
compactability. Eroson affects dl three attributes of soil quality (Figure 6) as it robs the il of
its most valuable asst, its soil  organic matter.

4.2.2a Erosion management

Most of the drategies to combat eroson focus on obstructing the path of wind and water
0 as to decderate their velocities. Generaly, earthen or rubble bunds/levees are constructed to
control water eroson. Vegetative bariers control wind eroson. These barricades must be
goplied repeatedly, a a frequency governed primarily by soil physiography (rdief and vegetative
cover) and features of water and wind force and direction. It is essentid that the eroson-control
measures cover an extendve landscape (say a watershed), since the occurrence of erosion is not
redricted to individud fields. Hence, eroson control, like ranwater management, necesstates
community action, involving al the stakeholders owning alandscape/watershed.

4.2.2b Organic matter management

Serious efforts to replenish the loss and to mantan soil organic metter a some
acceptable levedls are generdly lacking. The apathy towards soil organic-matter (SOM)
management is not necessarily due to farmers ignorance, since their knowledge about the vaue
of its use is as od as agriculture itsdf. Insufficient avalability, largely due to competing uses
and lack of a well organized sysem of returning byproduct wastes to fields, is the key congraint
to amending the organic matter in the soil. The dung produced by caitle is used as fue rather
than as a plant-nutrient source. Conversion of dung into biogas by anaerobic fermentation may
be a win-win solution with multiple benefits. Firdly, biogas fills the energy needs for cooking
with an energy vaue higher than dung. Secondly, it generates durry, which is vaduable as
manure and contains a higher concentration of nutrients than dung. Thirdly, use of biogas is
environmentaly friendly, since it is a clean energy source. Indirectly, it helps in reducing carbon
dioxide emissons from fossl fued burning. Likewise it cuts down the use of fud wood and
dows down deforestation.

Biogas technology has not become as popular as its potentid would suggest. Surry is
more difficult to handle than solid dung, requiring specid lifting and transporting devices. In
view of the high costs, a community gpproach or a customhired service may be the only
feesble way to manage durry. Moreover, smal and margind farmers lack the number of cattle
necessary to provide adequate quantities of manure for efficient gas generation. Combining
anima dung and human excrements would help to assure adequate supply of the raw materid for
gas generation. Communa biogas plants may thus be the only option. This requires srong
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government support, but not with adminigrative preconditions like the insstence on biogas
plants congtruction by government gpproved firms, asis common in India

Green manuring is a wdl-known approach to SOM amdioraion and nutrient supply.
Here again, its acceptance lags despite the proven benefits. The competition for land between a
green manure and the main subsstence or cash crop is the principle cause of farmers reluctance.
In ranfed areas, the limited length of the cropping season further redricts the traditional method
of rasng a green manure crop (or a cover crop). To overcome these condraints, a green manure
must essentidly be raised either during the dry (uncropped) season (Katyal et al., 1999), or be
grown in parces of land unsuitable for crop cultivation. Alternatively, unused areas such as
property bunds can be utilized. Such areas can be grown with perennid, drought-tolerant forage
legumes, which will save cost on repeat cultivation and creste a permanent supply of green
vegetative matter. While in good rainfdl years the hay or prunings are gpplied as green manure,
during drought years they can feed the cattle. Woody parts may be used asfudl.

Green manure crop can dso be dated on reddud moisture in the post-rainy season,
thereby avoiding competition with regular crops during the rainy season. Success of this crop
will subsequently depend upon the didribution and probability of occurrence of pod-rany
season rainfdl. A long-term probability andyss of rain digribution will engble the demarcation
of areas where this technology can be advanced. Due to the brief nature of the post-growing
season, only fast growing, drought-tolerant legumes will be suitable Horse gram (Dolichos
biflorus) is one such legume,

The limited quantities of organic manures make it imperative to use them with highest
efficiency. Over time, famers have found ways to save on organic manure by targeing
gpplications to cropped areas only. Zai famers in Burkina Faso concentrate organic manure
goplication in planting holes. Groundnut farmers in India goply organic manure to pre-fixed
planting rows. Since the gains from these native techniques are limited to the immediate crop,
there is a need to develop SOM consarvation sysems for long-term benefits. Conservation
tillage may be a one approach towards that god.

4.2.2c¢ Soil fertility management

Soil organic matter improves soil physical conditions and fertility due to an enhancement
of the biologicd community that functions efficiently. Soil biota is diverse and impacts
ecosystemn functioning in many ways. Diverse species teamed together can bresk up recacitrant
fractions present in an organic residue (Rupela, 1997). Individua organisms may play more
oecific roles For indance, mycorrhizal fungi  benefit the plant by mobilizing otherwise
immobilized nutrients, and hep in controlling pests and disseses. Eathworms do  soil
compogting and modify soil gructure. Sdlection and introduction of appropriate soil biologicd
techniques such as worm-culture can hep build soil qudity atributes. Smdl-scde famers with
limited means are likely benefit the most from this gpproach.
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The problem of soil fertility decline is so serious (Vlek and Vidhauer, 1994 and Smding
et a., 1997) tha it may not be possible to cover dl of it with organic gpproaches done. In extent
and intensty, said Warren and Agnew (1988), “we bdieve that of dl the threats to sustaingbility,
the threat to soil fertility is most serious’. Thus, fertilizers have a definite place in soil fertility
management, dthough dryland farmers often condder them risky invesments. However,
research findings over the last severd years have confirmed that fertilizer gpplication across
diverse dryland environments imparts greater yidd stability with favorable economics (Katya et
d., 1987). Further, the response to fertilizers was found to be more sustainable when ther
gpplication was integrated with organic manuresbiofertilizers (Vlek, 1993; Katyd et a., 1999).
The integrated use of minerd fertilizers, organic manure, and soil biologicd support lessens the
reliance on fertilizers and better matches the economic limitations faced by the dryland farmers.
Smultaneous application of other dandard agronomic practices (gppropriate high  yielding
vaiety, in dtu soil and water conservation techniques, and weed control) are necessary to
maximize the benefits of integrated soil fertility-management systems.

4.2.3 Vegetation management

Vegetation loss takes place primarily due to overgrazing, deforestation (including fuel
wood extraction), and unregulated fires, or combinations thereof (Dregne and Chou, 1992).
Thinning of vegeation initiates land degradetion, which in turn leads to further deterioration of
an areds vegetative cover. The frequent occurrence of drought amplifies the influence of land
degradation on the vegetation and vice versa. Combating desertification, therefore, must consst
of controlling deforestation, encouraging afforestation, regulating fires so tha ther effect is
minimized, and limiting the intengity of grazing to the carrying capacity of the land.

In developing countries, about 40% of the energy for cooking is derived from non
commercial sources, fuel wood, dung, and crop resdues. That percentage increases beyond 80%
in smdl towns and hamlets (Lee e d., 1994). Fud wood remains the predominant source of
energy for cooking. In order to lessen dependence on woody perennids, it is essentiad to improve
the efficiency of cooking with fued wood and to search for aternative sources of energy. Biogas
and solar energy offer attractive dternatives for energy in the tropics. Smdl glass-panded solar
cooking boxes to prepare that pat of the food, that can be cooked in the open (outsde the
kitchen), can save up to 70% of the energy requirements. Proper fencing of the cooking area will
be essentid to afford protection from sray animals. Severd households can be served by a
common fenced cooking area.

Overgrazing is an important cause of rangdand degradation because naturd regrowth is
not able to keep pace with the grazing pressure (Kassas, 1995). Adjusting the number of
livestock to the carrying capacity may seem easy, but pastordists tend to fed more secure with
larger herds. Improving pasture productivity with appropriate technology is a way to extend the
limits of the carrying capacity of pasturdand. Benefits from this drategy are expected to be
ggnificant, bu are linked with the granting of the padordigts forma legd rights to the land
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(Young and Solbrig, 1993 cited in Parry, 1996). Trandferring the rights of use and management
of common-property resources to the village community and its grassoots inditutions is
necessary likewise. Introduction of qudity animas (more efficient converters of feed) will dso
help to reduce the population pressure and to sustain high economic yield.

The basic principle of afforestation is to encourage the recovery of the lost vegetation. It
can be accomplished by promoting and protecting the growth of native vegetation, or replanting
with new vegetation. When forest revegetation is dlowed to occur through naturd recovery
(LeHouerou, 1992), it requires total protection from man and animds throughout the regrowth
period. Virtud excluson of people and domestic animds is possible through socid fencing of an
area. This requires drengthening of the grassroots-levd inditutions and enforcing a community-
led undergtanding that the designated areais to be temporarily off-limits

Panted recovery darts with land preparation followed by the introduction of indigenous
or exotic vegetation (Mainguet, 1994). Protection of what is planted from man and livestock in
this fragile environment is equaly necessary. The purpose of land preparation is to create a
medium that assures maximum survivd and sudanable growth and devdopment after initid
edablishment. For example, improvement of the planting dte by digging a pit and filling it with
a recondituted soil mixture has been found to be highly ussful in the early establishment and
subsequent survival of planted vegetation (Katyd, 1999). Experience shows that direct seeding,
indead of trangplanting with nursery-raised seedlings (Eden, 1996 on-line document), and
concentrating the runoff with gppropriate in-Stu conservation techniques, can further enhance
establishment and survival. Promotion of multipurpose trees will lead to faster acceptance by the
farmers. The presence of trees in agro-pastoral systems moderates temperatures and has been
shown to produce four to six times higher pasture biomass than in the absence of trees
(LeHouerou, 1980).

Indiscriminate and repested burning to gain quick access to land has led to widespread
destruction of vegetation with very little chance for regeneration. The fird solution to reduce
such dedtructive effects is to increase the spacing between successive fires, so tha the ability of
the vegetation to regenerate from seed or root grouting is not imperiled (Parry, 1996). Mainguet
(1994) congders the timing of the operation more important then the burning itsdf. Burning in
the beginning of the dry season, when the vegetation is patchy, has far less of an effect on
vegetation than burning at the end of the dry season when the biomassis plentiful and very dry.

4.3 Structural and organizational needs
Land degradetion is induced primaily by human actions. It is initialed by over-
exploitation of naturd resources beyond their carrying cepacity. Appropriate technology can

dretch the carrying capacity, but not when: (1) these technologies are in conflict with the locd
needs and people's expectations and, (2) the pressure of population on land remains. Hence,
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communities play a key role in the sustainable use of natura resources in the context of broader
nationa policies againgt desertification (Parry, 1996).

4.3.1 People participation

According to Blackburn and Holland (1998), people paticipation means the full
involvement of loca populaions in the identification of problems and the seeking of solutions
with teams of scientists, planners and development specidists. This gpproach to the development
of drylands links ecologica condrants to sysems developed by the farming community for the
use of fragile land and to the development initiatives by the government. Participaion gives locd
people a chance to have a say in what takes place in their area in the name of development
(Rhoades, 1999). It consders people's aspirations and needs as an integra pat of the
development agenda, which makes solutions ‘ demand-driven’ (Rhoades and Booth, 1982).

Paticipation of locd people with government functionaries makes the former more
regponsve and the latter more responshble. A typicd example is the joint management of
irrigation (candl) projects. Working together will make government officids more concerned
about the system’s functioning and its maintenance and make farmers more devoted to a need-
based use of water. In watershed development programs, participation encourages loca
ownership and management — a fundamenta requirement for protection and preservation of
permanent soil and water conservation structures (Farrington and Lobo, 1997). Socia fencing, so
vitd to regenerate degraded rangdands and to sustain them after development, is not possible
without people themsalves agreeing to keep off.

Smilarly, it is less likdy that afforestation will succeed or deforestation will stop, if locdl
communities are excluded from the management of these programs (Berkes, 1989). People
participaion crestes an endbling environment for the equitable digtribution of benefits from
developed assets. For ingtance, if water resources are developed, those farmers who contribute to
their development but are not able to use them due to topographica limitations should be able to
&l their shares to others. Likewise, non-timber forest products should be shared by people who
participate in joint forest management programs. An example of how to organize a participatory
watershed program based on severd earlier methodologies is outlined in Annexure .

People paticipation will be necessxy in formulating research programs as well.
According to Ryan (1997), researcher-farmer interaction can be epected to yield greater pay off
because: (1) it reduces the research lag time, currently, 5 to 15 years before the research findings
become a technology. (2) it cuts short the adoption lag of a technology package, which can be as
long as 25 years. (3) it increases levels of adoption, which currently fluctuate around 30%, and
(4) it ensures that caling levels of adoption are maintained or increased over time. Commonly,
soil and water conservation-related technologies are embraced by the farmers for as long as they
receive financia support. Vaious seps in desgning participatory research with farmers are
presented in Annexure 1.
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4.3.2 Administrative and policy issues

Incluson of people in the development and research plans right at the entry point offers a
unique opportunity to develop location and Stuation-specific plans and technologies. It aso
fosters community actions on a landscape bass. In order to secure the participation of farmers as
a community, a trander of adminidrative powers to grassroots-levd village-based inditutions
will be necessry. Devolution of dl but the most drategic land management decisons is
expected to encourage the equitable use of land. It will ensure effective implementation of the
people-agreed programs and their timdy monitoring and evadudtion. It will dso fadlitate the
alocation of public funds and the auditing of their use by satutory bodies.

Participatory activities are not likely to succeed unless farmers have a genuine interest in
aresting land degradation. For instance, herders have little incentive to make improvements in
rangeand if they do not have smilar access to it as famers (Syers et d., 1996). Of the severd
causes for not implementing long-term soil and water conservation practices, foremost is the lack
of legdly defined land use rights (Pary, 1996). The inditution of land tenure reforms is
fundamenta to sustain people€'s interest in permanent land improvements. The prevaent mode of
tenancy must evolve toward freehold tenure, as has been proposed in Uganda (World Bank,
1993).

4.3.3 Human resource and infrastructure development

Population management is a key issue in devdopment. In dmogt dl the developing
countries affected by desertification, the livelihood of around 70% of the population depends
upon agriculture. Land imposes limitations on the number of individuas it can support. The
present number exceeds the carrying capacity, leading to land degradation. Although a large
population can be supported by productivity-enhancing technologies and by moderating
dandards of living, dill there is a limit to the number that can be sustained without inducing
deterioration of the land. UNSO (1994) suggested pursuing education and training programs,
which can divarsfy livdihoods and thereby decrease the dze of the agriculture-dependent
population. Education and training are dso necessary for efficient use of naurad resources —
water, s0il and vegetation. Additiondly, the traning of government functionaries is needed in
participatory techniques so as to creste a mind-set conducive to devolved and decentraized
management programs.

In order for farmers to obtain optimum vaue for their produce, it is necessary to st up
the smultaneous development of infrastructure for access to markets, produce handling and for
minimizing pod-harvest losses. Vaue adding-processes to increase profit and marketing know-
how pricing and consumer preferences will empower famers. Risk minimization through timely
weether advisories will help to prepare both government agencies and farmers for the eventudity
of drought and help them to initiate preemptive steps to cope with it (Mainguet, 1994).
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5 Indicators of Land Degradation

Land degradation is not a sudden event but a gradua process. The costs of preventing
land degradation are not high if action is taken early. Once severe, however, the land must be
abandoned once its reclamation becomes economicaly prohibitive. Currently, a consstent loss
in biologicd productivity (when inputs and management are not changed or dimatic fluctuations
are within norma bounds) is the generd criterion employed to digtinguish degraded from non
degraded lands, and the degree of this loss distinguishes among degradation classes. It is more of
a confirmatory criterion for  degradation that has dready occurred, since it cannot predict
whether the land has an inherent tendency to degrade. Late diagnoss adds to the cost of
reclamation and can make land practicdly irrecoverable, causng sugtained environmenta

damage.

There is an urgent need to develop indicators that can predict the onset of desertification.
Rubio and Bochet (1998) have given a lig of sdection and evauation criteria that may be
employed to develop an assessment system of land degradation/desertification by means of
indicators. According to them, potentid indicators should meet the following generd
requirements  be quantitative, sendtive enough to give early waning of the impending change,
widely applicable, able to assess the present status and trend, able to distinguish change due to
natural cycles as opposed to anthropogenic interventions, and relevant to ecologicaly sgnificant
phenomena. Although they listled many potentid desertification indicators, they did not present
criticd vaues to define the inception of desertification. Urgent efforts are, therefore, necessary
to deveop threshold limits or symptoms of change that can serve as a wake up cal (before the
effect becomes vishle). These should provoke measures to amend the ongoing land use practices
S0 asto arrest the process before it intensifies and wreaks its deleterious effect.

This goproach may yidd the least expensve way of areding the further sporead of

desartification. The stekes are high, with the potentid to save of sx million hectares of the
world's land now lost annudly to desertification (FAO/UNEP, 1984).
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6 Summary and Conclusion

6.1 Definition and concept

The origind UNEP 1990 and UNCED 1992 conferences, defined desertification as a
condition arigng from martinduced land degradation and discounts it as a natural process per se.
We expand this definitions as follows "Desertification is a condition of human+induced land
degradation that occurs in arid, semiarid and dry sub-humid regions (P/ETP 0.05 to 0.65) and
leads to a persdgtent decline in economic productivity (>15% of the potentia) of useful biota
rdated to a land use or a production sysem. Climaic variatons intendfy the decline in
productivity, restorative management moderates it." Desertification is thus not the expandon of
existing deserts. It isacondition that arisesin areas even far removed from desarts.

Land areas with PIETP ranging between 0.05 and 0.65 are collectively designated as
drylands, or lands susceptible to desertification. Such lands occupy 5168 M ha worldwide (~
40% of the globa land area of about 13 hillion hectares). Extensive drylands occurs in Africa
(37%), Ada (33%) and Austrdia (14%).

In principle, desartification sets in when: (1) the inherent potentid productivity of land in
use becomes persigently nonsustainable, and/or (2) the land is not able to peform its
environmenta  regulatory functions. Desertification implies tha land - a renewable naturd
resource - has logt resilience and in the process is partidly or totaly unsuited for its intended use.
Degradation occurs in severd ways due to use of land by man and his animds. Firdly, land
degrades because its naturd carrying capacity is exceeded congtantly by people and animals.
Secondly, mismatches between land use and land attributes contribute to degradation. Thirdly,
non-adoption of restorative management, including appropriate inputs and technologies, alows
land degradation to proceed. Certain natura processes can exacerbate manrinduced land
degradation. Year-round aidity will limit bio-productivity and dow down the processes of
natural soil restoration. Poor-qudity soils fal in serving as a buffer between crop and occasond
drought, thus accentuating the effects of land degradation. Hence, the consequences of land
degradation are most pronounced under drought conditions and lead to poverty. Poverty and
insecure land-tenure policies that do not recognize ownership rights of the stakeholders congrain
investments in land conservation and improvement.

6.2 Processes and extent of desertification

Eroson, sdinization, rangdand degradation and organic matter loss are the principd
pathways leading to desartification. The resultant effects are a series of degeneration of soil,
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water and vegetation — the three basic dements of land. The manifedtations of land degradation
then are (1) soil loses its life-sugtaining topsoil (erosion), accumulates certain harmful chemicals
(dinization/  dkdinization/acidification), loses some of its essentid nutrient dements, or
develops certan physcd deformities such as compaction and texturd discontinuity in the
profile. (2) water accumulates close to the soil surface or above the soil surface, or becomes
scanty or sdty. (3) vegetation loses productivity of useful plants due to systematic denudation,
overgrazing by livesock, or invason by cetan less useful species leading to a loss of
biodiveraty. As much as 3592 M ha (70% of the totd dryland aea) ae daffected by
desertification (Table 2). Of those, 3333 M ha suffers from rangeland degradation. The baance
affects rainfed (216 out of 457 M ha) and irrigated (43 out of 145 M ha) arable lands. Of the tota
area affected by desertification, about 78 M ha suffer from irreversble degradation (Figure 2)
and is thus unreclaimable economicaly.

Within the area affected by desertification, 1035 M ha (UNEP, 1992) suffer from various
degrees of land degradation. Of this 427 M ha suffers from dight degradation, which is
managegble a the fam level (Oldeman, 1988). Of the remaining 608 M ha, 7.5 M ha represent
extreme forms of land degradation and are thus not reclamable (irreversble land degradation).
About 600 M ha are reclamable. Of this areas 130 M ha (strongly degraded) will require mgor
engineering works for terrain restoration. Erosion is respongble for most of the degradation —
I.e., 87% of thetota (Figure 7).

6.3 Solutions to combat desertification

6.3.1 Basic issues

Over the years, a lage volume of information has been gathered on the causes and
control of land degradation. “Despite the avalability of knowledge on the ways in which
desartification may be controlled, that knowledge has not been and is not being applied in an
effective manner” (Heathcote, undated, avallable ontling). Heathcote€'s concern seems judtified
since indications are that desertification continues to spread (FAO/UNEP, 1984). According to
Syers e d. (1996), cimatic risks, concerns of land users (ownership rights), inditutional and
market falures, limited fam household labor, and cash condraints are among the causes
contributing to poor adoption of remedid technologies. Inadequate and ingppropriate
information and dissemination methods are the other causes (Katyd, 1997 and Scherr, 1999).
The integrated approach, emphaszing a close link between farmer, researcher, government
development officer and NGOs through partnership, may narow the exising gap between
technology that is avalable and accepted. However, the core issue of hampered credit flow for
agriculturd development in regions with climatic risks will need to be addressed fird.

Along with agriculturd development, initistives are needed for population control,
invesment in human capitd (through education and training), and development of marketing
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infrastructure. A podtive gpproach to agriculturd development (productive, profitable and
dable) will creste an enabling environment for grester investment in redorative land
management. This is seen to influence economic wdl being and land-qudity sustainability
directly. Education and training, according to UNSO (1994), may be expected to encourage more
mobility, expand opportunities, and decrease the dependence on agriculture as the sole source of
livdihood for people in rurd aess. A good maketing infrastructure, including better
trangportation facilities, will improve the profitability of farming aswell.

In order to minimize land degradation arisng from the presently uncertan land and
grazing rights in Africa and insecure tenancy rights n Asa (Syers et d., 1996), there is a need to
indtitute land tenure policies that discourage exploitative and destructive use and encourage
congtructive management for sustainable development. According to Young and Solbrig (1993
cited in Parry, 1996) granting forma documentation and regidration of land rights to pastoraists
is one of the important steps toward rangedand improvement. Free-hold tenure (World Bank,
1993) is seen to dtract investments in permanent soil and water reclamation and conservation
activities that are essentid to restoring degraded lands and to preventing desertification in the
future.

6.3.2 Water management

Risk management is centrd to land management leading to sudtaingble agriculturd
development. Since risk to agriculture is often related to water scarcity arisng from the innate
vaiability of ranfdl paterns al draegies for combating land degradation/desertification must
be based on water conservation. Deveopment and efficient utilization of water resources —
whether under rainfed or irrigated conditions - is essentid to sudan the qudity of land and the
performance of agriculture. Typicdly, in ranfed areas the use of other production inputs is
affected by water scarcity. Hence, rainwater management for maximum conservation and use
efficiency is the fird intervention that must be indituted as a permanent activity, not merdly as a
crigs management program in response to drought. Emphasis should be placed on investments in
gndl-scale water harvesting dructures for irrigation. To assure that rainwater management
becomes the rule rather than the exception, a water literacy program for farmers must be
undertaken, emphasizing community water harvesting and sharing as wdl as efficient use. In this
task, water use should be linked to economic and environmental benefits Farmers should be
taught that the efficient use of water (i.e, the vaue of product per unit of volume of water)
maximizes economic productivity and offers the potentid to hdt or even reverse land
degradation.

The emphass on ranwaer management in irrigated aress is as important as it is in
ranfed areas. After dl, increasing the efficiency of water use in irrigated aress is a the heart of
redricting the soread of waterlogging and sdinity. No doubt, the investments required for
minimizing the conveyance losses and goplication losses will be high. But the invesments to be
mede for preventing weter losses will be judified if the ongoing contribution of wasted water to
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land degradation is taken into account and negated. Further, the losses contribute to a reduction
in the command area due to desartification, which is a dead invesment in terms of loss in
productivity and overdl production. A World Bank (1999) study reveded that India coud gan
an additiona food gran output of 88 M tons annudly by merdly rasng water use efficency
from 35% to 43%.

6.3.3 Rainfed areas

Sonificant aress susceptible to desartification are found in the rain dependent regions. In
order to manage the uncertainty generated by year-to-year vaidions in ranfdl, long- term data
are required to determine the base-line normd rainfal and to understand the pattern of its
vaiability (amplitude and periodicity). It is primarily the interaction of ranfadl digribution with
s0il qudity characterigics and farmers management practices that forms the basis for defining
locationspecific production systems. For ingance, animd-based systems dominate where arable
agriculture is climaicdly too risky (Katyd et a 1994). Long-term plans to develop drylands will
need to teke the naturd resource endowment (rainfal and soil qudity) as the base and
uperimpose the socio-economic framework to arrive a new production systems that can narrow
the gap between the potentid productivity and whet is actudly being redized.

Agroforestry systems offer many advantages in this regard. They optimize land use and
reduce risk by didributing it between annuas and perennids, and thus hdping to dabilize
productivity and income. Development of superior types of trees and bushes from the indigenous
species known to farmers will enhance adoption and add vaue to the basket of products.
Sudaning the productivity of cultivated annuas will necesstate steps to build up soil-qudlity.
Cregting a permanent sore of soil organic maiter must be the criticd eement in this drategy.
The converson of dung into biogas and raisng of perennia green manure plants on wastelands
offer such opportunities. Farmers will support such dternaive management sysems only if its
economic potentid is didtinctly higher than of the exising ones. Knowledge regarding consumer
acceptability of the economic yied and infragtructure for marketing will thus be essentid. Since
most farm units are smdAl and the farmers are many, coordingting their farming and marketing
functions as a corporate activity would be advantageous.

In addition to long-term drategies involving the introduction of new production systems
for risk management, there is a need to inditute short-term measures that are seasond in nature.
Such  contingency plans should be in  consonance with the prevaling pettern  of
ranfal.Precautionary measures, which involves making timey arangements for specid input
supplies (eg., seeds of dhort-season varieties) and the implementation of drought-specific
activities (say, nursery raiang indead of open field seeding) would be required for success.
Frequent news bulletins on the expected pattern of rainfdl in the coming season or days will be
necessary to decide which of the options to implement . Early advisories on impending drought
can help famers to adagpt planting to limited rainfdl by sdecting gppropriate cropsvarieties,
adiuding plant dendgties, and adopting techniques for in-sStu rainwater conservation. With
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forecasts of a dday in the onset of the rainy season, famers can dart cultivation by raisng
nursery plants, to be transplanted when the rains come. Mechanisms and services must be set up
for better and more reliable forecasts of ranfdl and quick means of communicetion to the
development officids and farmers.

6.3.4 Government role

Governments can play a dgnificant role in mitigating drought. The inditution of long-
term drategies leading to the sustainable development of dryland regions is required. Assstance
in seting up smdl-scde irrigation schemes based on rainwater management is congdered a high
priority. So is the inditution of drategies for; (1) strengthening information dissemination and
communication systems, (2) building peoples skills (education and traning), (3) cresting
infrastructure for mobility and trade, and (4) implementing pro-farmer land ownership policies.

The locd people who inadvertently induce desertification, should be conscioudy
involved in its reclamation. The principle known as people paticipation is a unique way to
develop demand-driven location-specific plans toward managing natura-resources  and
responding to the unequa needs of disparate dsakeholders (farmers, herders). People
paticipation should be rooted in community action on a landscgpe basis Its functioning will
require grester democratization and decentrdization. Adminigtrative powers should be vested in
grass-roots, village-based inditutions.  With the trandfer of adminigrative and monitoring
responsbility to community-based inditutions, government functionaries will likely become
more responsive in order to lead the program to success. Appropriate education and training
programs should be launched for village community leaders and government operatives 0 as to
encourage the evolution of amindset that supports the new roles and respongbilities.
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Annexure

Annexure |: An approach to community participation in joint watershed management program

1. Organize the village community into an informa group eg., thrift and credit society.

An NGO can beinvolved to initiate this action (entry point rapport building).

. Once the community is brought together, its members will have a common platform

to articulate their needs and perceptions on rainwater conservation and eroson control
measures. Such a forum will dso facilitate open discussons to reconcile the rationde
behind government plans with the indigenous knowledge and wisdom (community-
based situation and issue analysis). The discussons could dso lead to a better
assessment of the resources, their status and pattern of use, perceived congraints and
aprioritized ligt of solutions (Stuation analyss).

. In the next gep of micro-planning, famers viewpoint will be centra to preparing a

road map of activities to be implemented. Government agencies, NGOs, and
grassroots inditutions can al help to develop a practical plan. Pros and cons of
possible aternatives can be discussed to arive a holistic solutions. The group should
develop micro-plans, including setting gods and targets, formdizing reponghilities,
and sharing resources (micro-planning and activity road map).

. Once the micro-plans have been drawn up, the community should devise the plan of

implementation, st gods and targets, and identify the indicators for monitoring
progress (implementation and monitoring). The contributions of the community
and the government funds for development activities can be coordinated and managed
by the grassroots levd village-based ingtitutions.

. Following the completion of the project, the community should evauate the program

agang the targets and gods set initidly (evaluation). Feedback from individua
members can be the bads for refining or extending the program. The grassroots level
village- based indtitution should be respongble for sustaining the program.

In this overdl draegy for drengthening community participation in joint watershed

management, the main purpose is to make the village or community responsible for what is to be
done and government agents respongve to the communities requirements in a coordinated effort
to make the program a success.
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Annexure Il: Schematic presentation of various steps on participatory research

Perception of the problem

Created by fusion of farmers view on land
degradation and scientific concepts

Step 1. Nature of the problem and its extent

v

Actions and approaches
Scientists need to assess and understand the farmers' rationale of his practicesin
various land use situations. Working hand in hand with them, resource capability
should be appraised to prioritize problems and issues

Step 2. Review of the problem to identify researchable issues

v

Solutions

Work out the possible solutions jointly with the farmers to enhance the
opportunity value of existing land use systems in terms of technology
development. What criteria farmers consider will need to be known to evaluate
merit of the new systems.

Step 3. Objectives of research and data needs

¢

Monitoring and evaluation

Monitoring of progress and evaluation of the results on completion. Farmers
should be part of monitoring and evaluation. Depending upon the feed back,
results may be disseminated for adoption or new research should be planned.

Step 4. Evaluation of the program and feed back

!

Support

In order to institute the implementation of those parts of the development
strategy which farmers are not capable of implementing, support need to be
provided. Also support will be necessary to create infrastructure favoring
backward (consumer preferences, processing, grading and storage) and forward
(transport, marketing) linkages to create an enabling environment for trade with
high returns.

Step 5. Critical support on items which are beyond the reach of farmers and on
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