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Increasing attention is devoted at the national, regional and international levels
to in-situ conservation as a dynamic form of preservation of biodiversity and
related local knowledge. The significance of drylands biodiversity for agricul-
tural production, other human needs, and environmental protection is empha-
sised with particular reference to the Central and West Asia and North Africa
(CWANA) region. The detrimental activities and processes leading to the
rapid erosion of aridland biodiversity and, finally, to desertification on a large-
scale are identified and discussed in relation to human population growth,
urbanisation and poverty. Examples of regional projects on plant biodiversity
conservation, ecosystem rehabilitation and sustainable utilization, which are
carried out by the International Centre for Agricultural Research in the Dry
Areas (ICARDA) with its National Agriculture Research Systems (NARS)
partners in the region, are mentioned, and the contribution of farmers and
herder communities through participation in these efforts is highlighted.
A broad public awareness and education campaign at all levels, starting with
the community members and school children and addressing other stake-
holders, particularly national decision- and policy-makers and donor organisa-
tions, is essential for arresting and, hopefully, reversing the negative trends in
the dryland’s biodiversity degradation.
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Introduction

Biodiversity, and particularly agricultural biodiversity development, is a key element for
sustainable agriculture, environment conservation and food security for present and
future generations. Genetic resources are a common heritage of mankind with an
international significance since no single country is self-sufficient and the agriculture
of all countries has benefited from introduced species and varieties. Genetic resources
have provided new crops through domestication, raw material for breeding purposes,
and sources of adaptation to changing environments.

However, the rapid loss of biodiversity during the last century has led to growing
concerns at national, regional and international levels. Major international agreements
and conventions were enacted to promote in-situ or ex-situ conservation of biological
diversity. Agenda 21 of the Earth Summit in 1992 and the Convention on Biological
Diversity (CBD), which was initiated in 1993 and ratified by more than 172 countries,
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have stressed the importance of conservation and suitable use of biodiversity. The
governments of developing countries are establishing national policies and strategies for
addressing these issues and including them as a priority theme in their development
efforts.

However, most of these efforts are handicapped by inappropriate expertise and
inadequate approaches that prohibit them to successfully address conservation issues. In
this respect, the International Agricultural Research Centers (IARCs) of the Consult-
ative Group on International Agricultural Research (CGIAR) system are devising new
research focusing on biodiversity, resource management, and the role of local communi-
ties in biodiversity conservation and rehabilitation. The research results will contribute
to the development of appropriate approaches and policies, and institutional and
technical options that will help in the targeting of national biodiversity conservation
strategies.

Moreover, IARCs, along with institutions from developed countries, are already
playing a major role in the conservation of genetic diversity through ex-situ and field
gene banks. Very few developing countries are playing such a role. Recently, in-situ
conservation is being promoted as a fundamental requirement for the conservation of
biological diversity, ecosystems, and related local knowledge. However, all these
efforts have a major shortcoming; in most cases, they promote technological
approaches without looking at the importance of education and policy options for the
maintenance of biodiversity in dryland production systems. Our concern is not to dwell
on a discussion about the benefits of biodiversity, but rather to explore what are some of
the complementary measures that would help in sustaining biodiversity conservation
and at the same time provide sufficient incentives to foster traditional agricultural, as
a custodians genetic resources, to conserve these resources.

The paper is divided into four sections. After the introduction, the second section
discusses the importance of biodiversity in dry areas in the context of crops and
rangelands. The third section evaluates some of the approaches that have been used in
Central and West Asia and North Africa (CWANA) to promote biodiversity conserva-
tion. The fourth section explores the importance of education, policies and institutional
incentives for managing and rehabilitating dryland biodiversity. Finally, we conclude
with the future outlook for conservation and rehabilitation of biodiversity in dry areas.

Importance of dryland agro-biodiversity

Dryland ecosystems, which comprise areas with a ratio of mean annual rainfall to mean
annual evapotranspiration of less than 0)65, include hyper-arid, arid, semiarid, Mediter-
ranean, savannah and grassland ecosystems. These ecosystems, which occupy 41% of
the world’s land area and are inhabited by one-sixth of the world’s population, are fragile
environments characterized by heat stress, frequent drought, salinity, diseases and pests.
Biodiversity in dryland ecosystems, although with fewer species than tropical forests, is
important when considering the higher within-species variability and the higher level of
endemism.

Such importance is apparent when we consider their inherent adaptability to the harsh
local conditions. Moreover, most of the valuable domesticated species have originated
from dryland ecosystems (Harlan, 1992). In addition, crop-livestock integration, which
is a major feature of the dryland production systems in CWANA and of rural house-
hold-use complex production strategies that also rely on grazing natural rangelands
(ICARDA, 1997). Many other dryland species, which are an important source of
commercial and industrial products, have sustained the production and livelihood
strategies of many generations.

For example, the CWANA region contains three Vavilovian centres of origin, includ-
ing Mediterranean-type ecosystems with a total of 25,000 species of higher plants and



Table 1. Number of total, endemic and threatened plant species in Arab countries

Country Total Endemic Threatened

Algeria 3200 250 145
Egypt 2112 70 91
Libya 1900 134 58
Mauritania 1100 — 3
Morocco 4500 600 194
Tunisia 2150 170 26
Iraq 2921 190 1
Jordan 2500 — 752
Lebanon 2100 210 5
Palestine 3000 — 980
Syria 2100 210 11
Bahrain 196 0 —
Kuwait 235 0 1
Oman 1021 74 2
Qatar 221 0 —
Saudi Arabia 1737 34 2
United Arab Emirates 342 0 —
Yemen 2336 135 134

Data compiled from IPGRI/FAD (1996)
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four of the 18 hot spots of endemism (Harlan, 1992, 1995). The Near East region,
which is a unique centre of diversity, encompasses an area of mega-diversity of impor-
tant food crops and pasture species. It is one of the few nuclear centres where numerous
species (notably wheat, barley, lentils, chickpeas, peas and vetch) originated 10,000
years ago. Many species of vascular plants are endemic to this region (Table 1). Land
races and wild relatives of globally important crops, pasture and fruit trees are still found
in this region (GEF/UNDP/ICARDA, 1999).

However, the fragility of the dryland ecosystems, the rapid population growth, the
increasing pressure on natural resources, the use of inappropriate farming practices and
the lack of enabling policies have led to serious degradation of agricultural biodiversity,
which contributes to desertification and global climatic changes. Soil and rangeland
degradation are believed to have a significant influence on the Earth’s carbon balance.

Besides biological erosion, the dryland areas are exposed, in the long-term, to erosion
of the indigenous knowledge as well as traditional cultivars and rangeland species. The
level of out-migration and reduced income-generating opportunities are pushing new
generations away from farming and herding. Moreover, the enforcement of national
boundaries has curtailed transhumance opportunities and increased pressures on na-
tional pastures. Public awareness of the importance of local knowledge is insuffi-
cient. For example, the educational systems do not include in their curricula any courses
on the importance of biodiversity for mankind and for preserving the breeding know-
ledge that has been acquired through many generations.

The erosion of biodiversity and indigenous knowledge has many implications for
biodiversity conservation efforts, because without an adequate understanding of
their natural resources, future rural communities and individuals will fail to maintain
vital seed and rootstocks. This is not to say, as we shall discuss in the following sections,
that the present conservation efforts cannot resolve the problem, but that the
sustainability of these conservation efforts depends on public awareness and under-
standing of biodiversity on the part of future custodians of traditional farming, and the
incentives that will be provided by governments to make conservation profitable.
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Approaches for conserving biodiversity in CWANA

Ex-situ conservation

To attenuate the erosion of the agricultural biodiversity of dryland areas, CGIAR
centres are holding in trust more than 500,000 samples of annual crops and their wild
species, mainly cereals, food legumes, forages and rangeland species. The ICARDA
gene bank is at present conserving about 120,000 accessions with more than 60%
having been collected from the CWANA region (Table 2). The Arab Centre for Studies
in Arid Zones and Dry Areas (ACSAD) is actually conserving seeds of fruit trees and
their wild relatives, shrubs, and other rangeland species along with 460 accessions of
almonds, pistachios, figs, grapes and olives grown in their field gene bank. These
resources can play a major role in the rehabilitation efforts and introducing species
completely eroded by disasters such as wars, long-lasting droughts and frequent floods.

Ex-situ conservation programmes in the countries of CWANA are at different
stages of development. With the exception of Turkey, Pakistan, Egypt, Iran, Syria and
Jordan, no adequate functional gene banks for long-term conservation are available in
the CWANA countries (IPGRI/FAO, 1996). In these latter countries, plant genetic
Table 2. Origin of accessions in ICARDA’s gene bank

Species CWANA Other Unknown Total
No

No % No % No %

Barley 10918 46)6 12219 52)2 285 1)2 23422
Wild Hordeum 1628 93)0 97 5)5 26 1)5 1751
Durum Wheat 14329 73)9 4836 24)9 227 1)2 19392
Bread Wheat 8365 90)2 883 9)5 27 0)3 9275
Primitive Wheat 336 62)7 153 28)5 47 8)8 536
Wild Triticum 1430 97)5 19 1)3 17 1)2 1466
Aegilops 2617 79)6 647 19)7 25 0)8 3289

Total Cereals 39623 67)0 18854 31)9 654 1)1 59131

Chickpea 7710 76)2 1900 18)8 509 5)0 10119
Wild Cicer 258 99)2 1 0)4 1 0)4 260
Lentil 4581 55)4 3652 44)2 34 0)4 8267
Wild Lens 421 90)1 46 9)9 — — 467
Faba Bean 2719 52)9 2150 41)8 275 5)3 5144
Faba Bean BPL 2145 42)1 2223 43)7 722 14)2 5090

Total Food Legumes 17834 60)8 9972 34)0 1541 5)3 29347

Medicago Annual 6418 83)0 1172 15)2 143 1)8 7733
Vicia 3886 69)7 1670 30)0 17 0)3 5573
Lathyrus 1574 51)7 1463 48)0 8 0)3 3045
Trifolium 3516 80)7 777 17)8 65 1)5 4358
Pisum 1310 26)3 3071 61)7 600 12)0 4981
Other Forages 4306 73)8 1435 24)6 90 1)5 5831

Total Forages 21010 66)7 9588 30)4 923 2)9 31521

Grand Total 78467 65)4 38414 32)0 3118 2)6 119999
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resources are either conserved for short periods of less than 10 years or by breeders as
active collections. Some of these collections are lost due to inadequate storage facilities
or are mixed due to continuous planting and harvesting errors.

Therefore, more attention should be devoted to the creation of national or regional
gene and field banks as land races and wild species are rapidly disappearing. The few
exclusionary reserves created by some countries do not often target the preservation of
globally important crops and their wild relatives, do not cover different dryland
ecosystems, and do not take into account the needs of local communities.

In-situ conservation

In-situ conservation of plant genetic resources is an essential component of sustainable
agriculture as it allows for direct and continuous use of genetic resources by farmers. It
has the advantage over ex-situ conservation of allowing for evolution and natural
selection to preserve the larger diversity needed as a buffer against changes in
environments, and to withstand biotic and abiotic stresses (IPGRI, 1999). This type of
conservation, which has been strongly emphasised in the Convention of Biological
Diversity and in Agenda 21, has been advocated by the International Plant Genetic
Resources Institute (IPGRI) and the International Centre for Agricultural Research in
the Dry Areas (ICARDA) as a new dimension for the conservation of plant genetic
resources (ICARDA, 1997; IPGRI, 1999).

In 1995, the IPGRI together with national programmes from nine countries initiated
a project to strengthen the scientific basis of in-situ conservation of land races. In
addition, the Subsidiary Body of Scientific, Technical and Technological Advice
(SBSTTA) is also investigating the means to enhance biodiversity conservation in
dryland ecosystems. The success of in-situ conservation of agro-biodiversity will depend
on the following:

� Developing, through participatory research approaches, options competitive to inten-
sive agriculture packages.

� Creating a policy and institutional environment that would make the production
system profitable and encourage traditional farmers to be the stewards of dryland
genetic resources.

� Developing a scientific basis for in-situ conservation in terms of population dynamics,
and agro-ecological and environmental factors affecting biodiversity.

� Adopting an ecosystem approach that would allow for an integrated management of
water, soil and vegetation and for drawing lessons.

� Increasing public awareness of the importance of conserving biodiversity.
� Sharing the accrued benefits from using genetic resources with farmers, generally

poor, which are key actors in conservation.
� Centering efforts to enhance in-situ conservation of biodiversity on development

of added—value technologies, and use of economic and policy initiatives.

Management and improvement of rangelands

Rangeland improvement and rehabilitation in CWANA, which has centered on the
introduction of exotic shrub species to combat desertification, have had beneficial
environmental effects (ICARDA, 1997). The major shortcomings of these ef-
forts have been that local species were not always considered, and the communities, who
were the stewards of these resources and who have managed them for many centuries,
were not included as full partners in the conservation efforts. In recent years,
however, there have been increasing attempts to promote rangeland development
projects that involve local communities, rehabilitate local species, and provide income-
generating opportunities that would replace growing cereals on these fragile ecosystems.
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For example, in 1994, the Syrian government banned barley cultivation in all areas
with less than of 200 mm of annual rainfall, and initiated a project with the support of the
International Fund for Agricultural Development (IFAD) and the Arab Fund for
Economic and Social Development (AFESD) to improve the rangelands and the
livelihoods of the poor herding households. A similar process has been ongoing in
the eastern regions of Morocco since 1990. These different efforts have the
potential of conserving rangeland resources, while enhancing the livelihood of the local
communities and households.

In-situ conservation of genetic resources and rangeland improvement are centred
around people, and their cultural and agricultural practices. The major challenge is to
sustain in-situ conservation and to identify complementary measures that will encourage
local communities and producers to take on stewardship of the conservation of these
genetic resources. These different attempts, however, seek to conserve the genetic
resources, but do not take into consideration the needs of the communities and their
socioeconomic constraints. The following section looks at how these issues could be
addressed through education and policy reforms.

Education and policy to promote in-situ conservation

The major handicaps of biodiversity conservation, until recent years, have been its low
profitability and inadequate commitment from developing countries. In most cases,
governments of developing countries have been confronted by their desire to develop
and intensify agricultural production systems to meet domestic demands, which might
interefere with the need to conserve genetic resources for the benefit of humanity. The
priority has usually been given to the introduction of exotic varieties, subsidized inputs
and guaranteed marketability to enhance productivity and production, and ensure food
security. However, if we consider social and environmental benefits in addition to
productivity gains, investment in in-situ conservation is well justified at the community,
national and international levels. Even though increasing public awareness and institu-
tional reforms make slower impacts than technology and price reforms, they are critical
measures for reversing the trend of biodiversity erosion.

Policy reforms

National policy and property-rights reforms have altered the farming systems in dry
areas in to patterns that are vulnerable to rapid degradation of biodiversity and natural
resources (IPGRI, 1999). Understanding the effects of these reforms on the
processes leading to genetic erosion will help design policies that can contribute to the
preservation of biodiversity. For example, devolution of decision-making to local com-
munities will foster their full involvement, and increase both the efficiency and
adequacy of agro-biodiversity conservation policies. Proposed solutions, which must be
flexible, should promote a learning process that recognizes the diversity of social and
cultural factors, and accounts for the complexity and dynamism of dryland ecosystems.
Furthermore, we need to account for the national and international policies that influ-
ence biodiversity beyond the local communities and marketplaces.

At the international level, the Convention on Biological Diversity recognizes the
sovereignty of countries over their genetic resources, the importance of accessing these
resources through mutual agreements, the necessity for sharing the benefits accrued
from the utilization of these resources, and the need for international concerted
efforts in the development and implementation of adequate strategies. The IARCs,
which maintain genetic resources ex-situ, have reaffirmed the policy of free ex-
change of plant genetic resources, though several countries and regions are legislating
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and regulating access to their genetic resources. Negotiations and debates are still going
on to revise the International Undertaking regarding the access and benefit-sharing
aspects related to genetic resources. The integration of developing countries into
international markets following the World Trade Organisation (WTO) agreements,
might have negative impacts on agro-biodiversity, but the proposed policies should
reduce the market distortions that adversely affect biodiversity and traditional
farming systems.

The concept of biosphere reserves, developed recently, has proved to be valuable for
biodiversity conservation, but the priority-setting based on species-richness and high
endemism did not allow consideration of this approach for many important ecosystems
of the dry areas. Policies at the regional level should favour this concept in coping with
the diversity of ecosystems within dryland regions.

At the national level, governments should include the conservation of genetic
resources as an important part of their agricultural policies. The development and
implementation of national strategies will require direct involvement of local communi-
ties and better channeling of decision-making regarding biodiversity in the hands of
a single authority at the national level. Most of the countries have created new environ-
mental ministries that formulate and implement environment- and biodiversity-related
activities, but there is a lack of coordination with the agricultural ministries. Policy
reforms should also consider traditional organisational structures that have ensured in
the past the conservation of biological diversity and other common community re-
sources. The effects of land tenure on biodiversity should be further investigated
before continuing the distribution of government lands. For example, the dismantling of
tribal property rights on rangelands and reduced transhumance have led to severe
degradation of rangelands.

In addition, agricultural extension services should promote biodiversity conservation,
and research activities must focus on developing appropriate packages using land races
and traditional farming sytems. The success of these reforms will depend on the
development of appropriate seed and plantlet multiplication sectors, and the promotion
of market and nonmarket incentives to increase farmers’ incomes while preserving
biodiversity. The Mashreq and Maghreb Project is investigating the effects of
different policy reforms on technology adoption and incomes in West Asia and
North Africa (WANA) countries. Similar studies must be undertaken to evaluate the
potential effects of government incentives and subsidies on biodiversity custodians.

The organisation of farmers, easy access for local products to other national markets
and exportation, avoidance of intermediaries and improvement in the presentation of
the products will increase the marketability of products, and in return, the income of
farmers directly involved in conservation of genetic diversity. The inherent quality traits
of most of the land races and their advertisement as biological products are additional
attributes to be used to create a demand for these products. Moreover, the development
of local processing industries and storage facilities can also add value to these products.
The policy reforms could also increase the price of inputs that are affecting
biodiversity. The development of these policy reforms and their implementation will
require considerable efforts to increase public awareness about the importance of
in-situ conservation of biodiversity.

Public awareness and education

Public awareness actions are needed at all levels in the country, from policy-makers
down to local communities. Greater lobbying might be needed to shift policy-making at
the national and international levels. The use of various media can contribute signifi-
cantly to informing the population of the benefits offered by biodiversity as food,
feed, medicines and recreational goods, and the necessity of joining efforts for its
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preservation. Diversity fairs can be organized to recognize the farmers preserving large
amounts of agro-biodiversity and local knowledge.

Educational programmes are effective in reaching all members of the commun-
ity. It is therefore important to develop school curricula that inform students of the
importance of biodiversity conservation and the need to respect the environment.
Schools and religious gatherings for farmers and adults can be also used as forums for
increasing public awareness of the importance of conserving biodiversity.

In Tunisia, school children are learning about actions they can take to preserve the
environment and health, and are participating in gardening and planting activities. In
Morocco, a master’s programme in the conservation of biodiversity has been estab-
lished, with a recent emphasis on in-situ conservation. The impact of these endeavours
and similar ones conducted elsewhere should be assessed. Additionally, public aware-
ness through general and educational programmes should be designed to combine
environmental respect with biodiversity promotion.

Conservation of dryland agro-biodiversity in Near East

The Global Environment Facility (GEF) is financing a five-year project through the
United Nations Development Programme (UNDP) on the conservation and sustainable
use of dryland agro-biodiversity in Jordan, Lebanon, the Palestinian Authority and
Syria. ICARDA is implementing and executing the regional component of the project in
cooperation with IPGRI and Arab Centre for the Studies of Arid Zones and Drylands
(ACSAD). The project will be conducted at two sites in each of the four countries (Ajlun
and Muwaqqar in Jordan, Baalabak and Aarsal in Lebanon, Hebron and Jennin in Palestine,
and Slenfe and Sweida in Syria) and will deal with 16 target species and their wild
relatives including wheat, barley, lentils, chickpeas, peas, vetch, lathyrus, medics, clo-
vers, fruit trees (almond, plum, apricot, pistachio, cherry, pear, olive and fig) and Allium.

The implementation of this project will be accomplished by involving local communi-
ties, increasing public awareness, enhancing scientific capabilities, training of NARSs,
and developing adequate policies. ICARDA, in cooperation with IPGRI and ACSAD,
will provide assistance through the integration of nationally executed project compo-
nents by means of coordination, networking and awareness; raising technical backstop-
ping, capacity-building and training in in-situ and on-farm conservation, and sustainable
use of agro-biodiversity; and monitoring of the project’s activities and their impact for
lessons to be learned and adaptive project planning.

The National Project Components, in close collaboration with the Regional Compon-
ent will promote the in-situ conservation of targeted species in targeted areas by,
conducting eco-geographic surveys to monitor biodiversity changes, developing and
adopting alternative land-use practices, increasing national capacity in the area of in-situ
conservation, modifying existing legislation and land-use rights where necessary, in-
creasing public awareness, and delineating lessons and methodologies to be used in
similar ecosystems.

The activities on policy issues will focus on determining the effects of actual
policies on biodiversity and designing, where necessary, policies that will balance the
perspectives of land users and the concerns of the community, the nation and future
generations. In the area of awareness-raising, field days will be organised, special media
programmes and information packs will be developed, and special learning materials
and curricula will be developed and introduced into school programmes in collaboration
with the education authorities.

The authors thank GEF-UNDP for the support provided within the project on conservation
and sustainable use of dryland agrobiodiversity in Jordan, Lebanon, Palestinian Authority
and Syria.
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