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Abstract

Desertification remains one of the most challenging phenomena in the drylands 
of Kenya, where it affects about 80% of the country. This is because of persistent 
degradation of these areas by climatic variations, human activities, and overgraz-
ing by livestock and wildlife. In these areas, inhabitants suffer from widespread 
acute poverty and other adverse effects of drought. In order to effectively and 
efficiently combat desertification and reduce the impacts of further degradation, the 
Government of Kenya and partners are committed to developing and implementing 
methods, approaches, strategies, and mechanisms that would slow down or reverse 
this phenomenon. This chapter covers an in-depth review of advances made so far in 
the area of woody resources restoration and sustainable management in the drylands 
of Kenya through biodiversity assessments, conservation, rehabilitation, afforesta-
tion, and reafforestation initiatives and research. Achievements, challenges, and 
opportunities encountered are highlighted for sustainable development and wise 
utilization of dryland woody and allied resources.

Keywords: degradation, desertification, drylands, floral diversity, natural resources, 
species adaptability

1. Introduction

Desertification is one of the most important challenges to livelihoods and devel-
opment in the drylands [1, 2]. Traditionally, the drylands of Kenya are vast and 
rich in biodiversity and natural resources [3]. However, recent decades have seen 
increased human pressure on forests and woodlands that has created conditions 
conducive to degradation, deforestation, and desertification, thus reducing national 
tree cover to all time unacceptable levels. Deforestation leads to the deterioration of 
soil fertility, which occurs rapidly under tropical climates. However, it also offers a 
great potential for intensified afforestation toward achieving the national objective 
of 10% tree cover [2, 4]. This chapter provides an in-depth analysis of the problem 
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including the extent, genesis, impacts, and remedies instituted by the Government 
of Kenya, her citizens, and development partners. The authors present an in-depth 
review of relevant reports and case studies and share original data and maps in view 
to present a favorable case toward promoting greening of drylands in Kenya.

2. Desertification process and Kenya’s context

Drylands occupy 41% of the earth’s land surface and are home to 35% of its 
population. They occur in every continent but are most extensive in Africa. The 
drylands include desert, grassland, and savanna woodland biomes. In Kenya, the 
drylands make up 84% of its total land surface, support about 9.9 million Kenyans 
(about 34% of the country’s population), and account for more than 80% of the 
country’s ecotourism interests, 60% of the nation’s livestock, and up to 75% of the 
national wildlife population [5, 6]. Although rich in natural resources, the increased 
human pressure on forests and woodlands has created conditions conducive to 
degradation, deforestation, and desertification. The drylands environment poses 
formidable problems for sustainable development. Among these are unpredictable 
and severe drought, desiccation or aridification due to persistent drought, and 
dryland degradation or desertification [7]. However, drylands in Kenya are vast and 
offer a great potential for intensified afforestation toward achieving the national 
objective of 10% tree cover.

Desertification is defined as land degradation in arid, semiarid, and dry 
subhumid areas resulting from many factors, including climatic variations and 
human activities. These areas are characterized by low and erratic rainfall, high 
evapotranspiration, shallow soils with low water-holding capacity, and low soil 
fertility [8]. Drought is a common occurrence in the Arid and Semi-Arid Lands 
(ASALs) and is exacerbated by climate change [9]. It is caused by rainfall deficit; it 
leads to shortage of water and unusually high temperatures. Anthropogenic causes 
of desertification include overgrazing, deforestation, and removal of the natural 
vegetation cover by taking too much fuelwood, the build-up of salt in irrigated 
soils, topsoil erosion, and agricultural activities in the vulnerable ecosystems of 
arid and semiarid areas that are thus strained beyond their capacity. These activi-
ties are triggered by population growth, the impact of the market economy, and 
poverty. The phenomenon reduces agricultural output, contributes to droughts, 
and increases human vulnerability to climate change.

The differences and interlinkages between desertification, drought, desic-
cation, and climate change and their causal factors have been outlined in many 
texts [7]. Desertification is a type of land degradation in drylands in which 
biological productivity is lost due to natural processes or induced by human 
activities whereby fertile areas become increasingly arid [10]. Land degrada-
tion is a process in which the value of the biophysical environment is affected 
by a combination of human-induced processes acting upon the land [11]. It is 
viewed as any change or disturbance to the land perceived to be deleterious or 
undesirable. Permanent changes in climate, particularly rainfall, are responsible 
for natural desertification. Desertification may alter the living conditions of the 
local flora and fauna that makes it impossible for animals and plants to sustain 
their populations. After desertification, regions suffer from water shortages due 
to climate change and animals may suffer and die since water is vital for all life on 
the planet. Desertification results in persistent degradation of dryland and fragile 
ecosystems due to man-made activities and variations in climate. Desertification, 
in short, is when land that was of another type of biome turns into a desert biome 
because of changes of all sorts.
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Desertification affects topsoil, groundwater reserves, surface runoff, human, 
animal, and plant populations. A study conducted in the Mutomo District, Kenya, 
confirmed that the main use of selectively harvested trees was charcoal production 
[12]. This consequently led to degradation of the woodlands through reduction in 
tree species richness, diversity, and density. Water scarcity in drylands limits the 
production of wood, crops, forage, and other services that ecosystems provide to 
our local communities. The United Nations Convention to Combat Desertification 
states on its website that, globally, more than 12 million hectares of land are lost 
annually to desertification, drought, and degradation and that over 1.5 billion 
people are directly dependent on land that is being degraded, leading to loss of 
US dollars-equivalent billions of earnings each year [13]. In Africa, three million 
hectares of forest along with an estimated 3% of Gross Domestic Product (GDP) are 
lost annually due to depleted soils. The result is that two-thirds of Africa’s forests, 
farmlands, and pastures are now degraded.

The dry lands on average receive an annual rainfall of between 250 and 
1000 mm. Figure 1 shows the extent and levels of aridity in Kenya. The rains are 
typically of short duration but of high intensity and therefore highly erosive. The 
rate of evapotranspiration is also high. The aridity values on the map legend are 
based on the generalized climate classification scheme for Aridity Index values [15] 
as follows (Table 1). No region in Kenya is classified as Hyperarid (Aridity Index 
Value <0.03).

The main challenge in developing dry lands is how to increase availability and 
access to information and technology for the development and management of 
natural resources.

Figure 1. 
Kenya aridity index map produced based on the Global Aridity Index and Potential Evapotranspiration (ET0) 
Climate Database v2 [14].
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3. Land use, cover, and natural water resources

Overgrazing is the major cause of desertification in the dry lands [16]. Other 
factors that cause desertification include urbanization, climate change, overuse of 
ground water, deforestation, natural disasters, and tillage practices in agriculture 
that make soils more vulnerable to wind [16, 17].

3.1 Contextualized land uses in Kenya

A land-use map represents the physical and biological cover over the land 
surface, consisting of vegetation, bare soil, water, and artificial structures. Land-
use and land-cover information is significant in understanding the socioeconomic 
and environmental implications linked to the utilization of the available natural 
resources in a region. In Kenya, land use is classified into agriculture, forest, 
bushland, grassland, plantation, built-up and urban area, barren land, woodland, 
plantation, swamp, and water bodies (Figure 2).

Agriculture is estimated to occupy 48% of the total land area, out of which 9.8% 
is considered arable land, 37.4% is covered by permanent pasture, and 0.9% by 
permanent crops such as tea and coffee plantations. Tree cover is estimated at 6% 
while other land uses, such as urban areas and bare land, occupy about 45.8% [19]. 
Urbanization and expansion of agricultural land have increased the rate of conver-
sion and fragmentation of the natural forest ecosystems leading to deforestation and 
eventually land degradation. Land-use/land-cover change is considered the primary 
causal agent of climate change due to environmental changes that lead to increased 
greenhouse gas emissions. However, the effects of climate change, viz. increased 
temperature and variability in precipitation, prompt the change in land use as 
communities try to adapt to the changing climate [20]. Therefore, the development 
of effective land-use management plans is crucial to ensuring Kenya’s goals toward 
environmental sustainability under future climate scenarios. There is a need to 
assess the vulnerability and adaptive capacity of local communities so as to priori-
tize the solutions that will enable communities to cope and adapt to climate change.

3.2 Contextualized tree cover types in Kenya

Kenya’s forest areas constitute a wide range of vegetation, viz. trees, shrubs, and 
grass species. The Kenya Tree Cover Types map (Figure 3) gives a detailed visual 
representation of the categories of different tree cover types found in Kenya. The tree 
cover types are mainly classified as open canopy, closed canopy, multilayered trees, 
and mangrove trees. Open canopy refers to a collection of relatively tall trees that are 
spaced and allow easy penetration of sunlight to the ground surface. Closed canopy 
forest is a thicket of mature trees whose leaves and branches are densely spaced 

Aridity Index Value Climate Extent coverage (km2)

0.03–0.2 Arid 255,800.11

0.2–0.5 Semiarid 220,704.78

0.5–0.65 Dry subhumid 46,483.89

>0.65 Humid 57,378.22

Table 1. 
Aridity context in Kenya.
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Figure 2. 
Mapped land-use classification for Kenya based on Kenya’s geospatial data provided by the World Resources 
Institute [18].

Figure 3. 
Spatial distribution of different types of tree cover in Kenya produced from the Environmental Systems 
Research Institute Kenya GIS data [21].
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creating a crown that encloses the understory and the forest floor. The canopy types 
are also distinguished based on the percentage of crown cover, that is, the proportion 
of the ground covered by the vertical projection of the tree canopy. The multilayered 
trees generally refer to the dense tropical evergreen forests having the appearance 
of structured layers that differ in the amount of sunlight penetration, ground cover, 
and water availability. The mangrove trees, which occupy about 1% of the land area 
in Kenya, include thickets along the coastlines, tidal estuaries, and salt marshes of 
Kenya. Rhizophora mucronata Lam is the principal species in most sites dominated by 
mangroves along the Kenyan Coast [22].

The closed canopy and multilayered trees each cover about 2% of Kenya’s total 
land area and are mainly restricted to areas below an altitude of 3000 meters. 
Tree species dominance within this area is according to the Agro-Ecological Zone 
(AEZ) [23]. Moist forests occurring at 2100–3300 m above sea level, with rainfall 
above 1500 mm, are dominated by a variety of broad-leaved species that include 
Tabernaemontana stapfiana (Britten), Dombeya goetzenii (K. Schum), Dracaena 
afromontana (Mildbr), Hagenia abyssinica (Bruce J. F. Gmel), Nuxia congesta 
(Fresen), Croton macrostachyus (Delile), and Podocarpus latifolius (Thunb. Mirb) 
[23]. The drier montane forests occurring at 1800–2900 m a.s.l. with an annual rain-
fall of 700–1350 mm are characterized by species such as Juniperus procera (Endl), 
Olea europaea ssp. africana (Mill. P. Green), Podocarpus falcatus (Mirb.), Cassipourea 
malosana (Baker. Alston), Acokanthera schimperi (A. DC. Schweinf), Ekebergia 
capensis (Sparrm.), Olinia rochetiana (A. Juss.), Teclea nobilis (Delile), Croton 
megalocarpus (Hutch), and Calodendrum capense (L. f. Thunb) [23].

The open canopy trees and shrubs, woodland, and grassland vegetation are 
estimated to cover 65% of the total land area and represent the dominant vegeta-
tion type in the Arid and Semi-Arid Lands of Kenya [24, 25], with the dominant 
tree species being Acacia mellifera, Acacia senegal, Acacia reficiens, Acacia tortilis, 
and Commiphora sp. [26]. Presently, climate change is a major driver of the rate of 
encroachment into forested areas and the destruction of grasslands in the country. 
Climate change has led to competition for arable land resources due to declining 
water resources coupled with droughts and scarcity of arable land.

Evidence of climate change in Kenya has been manifested in the increased 
frequency of droughts and floods, changes in rainfall intensity and distribution 
patterns, and increased minimum and maximum temperatures. Future climate 
projections estimate that most regions in Kenya will experience a 100-mm decrease in 
long-season (March–May) rainfall by 2025 [27]. Increased climatic variability poses 
a threat to the trees and associated vegetation cover with regions such as the ASALs 
being most vulnerable to the adverse impacts. The projected climatic impacts are 
likely to exacerbate the rate of land degradation and desertification in the country.

3.3 Contextualized water resources in Kenya

Figure 4 shows the distribution of Kenya water resources. The country relies 
mainly on freshwater resources represented by lakes, rivers, swamps, and springs 
as well as dams, water pans, and groundwater. Kenya’s annual freshwater resources 
endowment is estimated to be 20.2 BCM (billion cubic meters) or 548 m3 per capita 
per year [28]. These surface water resources are highly dependent on the country’s 
forested areas and highland ecosystems that serve as water catchments. The water-
sheds depicted on the map include the Ewaso-Samburu, Mt. Kenya and Aberdares, 
Mau and Western, Amboseli and Chyulu, and the Coastal forest and Marine 
watersheds. The major lakes in the country include, inter alia, Lake Victoria, Lake 
Nakuru, Lake Naivasha, and Lake Elementaita. Some of the major rivers include the 
Tana River, Mara River, Athi-Galana-Sabaki River, Tsavo River, Ewaso Ng’iro River, 
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and Nzoia Rivers. The wetlands represented on the map are classified into fresh 
water marshes, saline/alkaline marshes, mangrove, lake shorelines, and saltpans 
[29]. Despite harboring some of the great water towers of East Africa, Kenya is 
among water-scarce countries, with its per capita renewable freshwater potential 
being 235 m3 per annum [30].

Coupled with extreme climatic events, such as droughts and floods, the water 
resources in the country continue to show a declining trend and threaten the availabil-
ity of water for economic and domestic use. In the past, prolonged dry seasons have 
led to 37% decline in the water levels in dams and other reservoirs subsequently caus-
ing crop failure, loss of livestock, and limited access to freshwater [31]. Additionally, 
increased frequency of floods has led to the destruction of land resources due to soil 
erosion, disruption of water supply systems, and the contamination of freshwater 
resources. Overall, climate change, destruction of water catchment areas and defores-
tation continue to increase water scarcity in Kenya.

4. Preventive and corrective initiatives

4.1 Background on combating desertification in Kenya

Like many other nations around the world, Kenya is threatened by desertifi-
cation, land degradation, and drought. In some of the dryland areas such as in 
the North and North-Eastern Kenya, the deserts have eaten the once-potential 
landscapes turning them into inhabitable landscapes that cannot support humans, 

Figure 4. 
Map of natural water resources in Kenya based on Kenya GIS data provided by the Environmental Systems 
Research Institute Kenya GIS data [26].
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livestock, and even wildlife [3]. The government of Kenya, recognizing the impor-
tance of the country’s dry lands to the country’s socioeconomic development and 
realizing that they are being degraded fast, has sought ways of restoring and reha-
bilitating dry forests and woodlands, among other ecosystems in these lands. These 
ecosystems are comprised of trees that are specially adapted to the harsh climatic 
and edaphic conditions, providing important ecosystem services for communities 
in an environment where other types of tropical tree species would not survive. 
These trees are threatened and call for restoration and rehabilitation initiatives by 
the government through support and participation in thematic forestry research 
and development activities. These activities include restoration and sustainable 
management of woody resources through biodiversity assessments, conservation, 
rehabilitation, afforestation, and reafforestation in order to enhance plant diversity.

4.2 Role of enhancement of woody floral diversity in the drylands

Floral diversity refers to the diversity of plants occurring in a specific region 
during a particular era. It generally refers to the diversity of naturally occurring 
indigenous or native plants. The word “Flora” comes from the Latin word Flora, 
which means the goddess of plants. As Kenya has a limited area covered by indig-
enous timber-producing forests, plantations of exotic trees, mainly eucalypts, 
were established in the country in the early 1900s. These species were suitable to 
small-scale farmers and provided overall support to key sectors of the economy. 
The demand for timber had exceeded the supply available from indigenous forests; 
hence, the exotic species were preferred for afforestation because none of the 
indigenous tree species that yielded useful timber grew at rates considered profit-
able. Efforts to rehabilitate the dry lands are in place and include the promotion and 
establishment of suitable multipurpose tree species in the ASALs as well as water 
harvesting and conservation measures.

As rangelands, areas in ASALs have a relatively low production potential, are 
fragile, and are easily degradable through overutilization or use of inappropriate 
technologies [32]. There is a need to develop suitable ASAL rehabilitation technolo-
gies and to uphold efforts employed in providing solutions that sustainably improve 
the lands’ productivity and combat desertification. Woody vegetation is one such 
renewable resource with an exceptional potential to provide the dry season’s forage 
for livestock and serve as soil cover. Forests and woodlands are also biologically 
important because of the diverse fauna and flora associated with them. They, 
therefore, contribute significantly to the livelihoods and welfare of inhabitants of 
dry lands [33].

4.3 Restoration initiatives

4.3.1 Baseline studies/surveys such as biodiversity assessments

Baseline surveys are studies that are done at the beginning of projects to collect 
information on project status before any types of intervention are implemented. 
Information obtained from such surveys later inform decision-makers on what 
impacts the projects have on target communities. For instance, the first step in 
protecting and managing biodiversity in any ecosystem is to understand what 
species exist by documenting these species and their environments through biodi-
versity surveys. Biodiversity is the biological variety and variability of life on Earth, 
a measure of variation at the genetic, species, and ecosystem levels.

Biodiversity performs multiple roles in the daily lives of people in the drylands 
through the supply of ecosystem services, food security, tourism, wealth creation 
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and aiding a range of cultural services. As such, the value of Kenya’s biodiversity 
resources cuts across the economic and social and, ultimately, the political pillars 
of Vision 2030. Direct benefits from plant diversity include food, medicine, honey, 
forage, vegetables, and other raw materials that play a vital role in the lives of 
poor people in rural and remote places [34]. Indirect benefits that flow from plant 
biodiversity’s environmental services include employment, income, nitrogen fixa-
tion, maintenance of water cycles, regulation of climate, photosynthetic fixation of 
carbon dioxide, soil protection, storage, and cycling of essential nutrients as well 
as absorption and breakdown of pollutants [35]. Kenya’s forests, for instance, play a 
vital role in rural livelihoods by providing food and energy for domestic consump-
tion and watershed regulation. In Kitui and Mwingi districts of Kenya, plant species 
recorded during a survey of five hilltop sites were noted as important sources of 
medicine, fiber, food, fodder or forage, timber, and fuelwood [36]. Some of the 
much-sought species, especially for medicine, included Warburgia ugandensis, 
Pittosporum viridiflorum, Securidaca longipedunculata, Zanthoxylum, and Strychnos.

Overall, Kenya’s known floral biodiversity assets include 7000 plants among 
other life forms [37]. However, the status of plant species’ diversity in the dry lands is 
poorly documented [3]. In order to remain ahead in efforts to conserve dryland eco-
systems, restore degraded sites, and reverse or halt desertification, the Government 
of Kenya gathers information from various sources to understand the prevailing 
circumstances and prescribe restoration measures using various tools and strategies. 
For instance, a study conducted in the Mutomo district, Kenya, evaluated the nature 
of degradation caused by selective logging for charcoal production and provided 
information on how this could be addressed to ensure the woodlands recovery with-
out impacting negatively on the producers’ livelihoods [38]. Restoring the dryland 
landscapes can help mitigate climate change, support sustainable livelihoods, and 
maintain biodiversity. Restoration aims to reestablish a previous ecosystem state and 
all its functions and services, while rehabilitation seeks to repair specific parts of the 
systems, in order to regain ecosystem productivity [39]. Effective restoration and 
rehabilitation of degraded drylands require a combination of policies and technolo-
gies and the close involvement of local communities. There are two categories of 
landscape-restoration methods that are commonly applied in the drylands: active 
restoration and passive restoration [40, 41].

4.3.2 Active-versus passive-restoration approaches

4.3.2.1 Active-restoration methods

These are methods involving management techniques, such as planting of seeds 
or seedlings. They are needed to restore severely degraded lands and are particu-
larly relevant for water-limited environments, where self-restoration processes of 
severely degraded lands may be limited. One such method is the Framework Species 
Approach developed in Queensland, Australia [42]. The method involves a single 
planting of both early and late successional species. Planted species must survive in 
the harsh conditions of an open site as well as fulfill the functions of (i) fast growth 
of a broad dense canopy to shade out weeds and reduce the chance of forest fire 
and (ii) early production of flowers or fleshy fruits to attract seed dispersers and 
kickstart animal-mediated seed distribution to the degraded site [43]. Framework 
trees are indigenous, non-domesticated, forest tree species, which, when planted 
on deforested land, help to reestablish the natural mechanisms of forest regenera-
tion and accelerate biodiversity recovery. A rainforest-restoration experiment 
established on abandoned pasture in northeastern Queensland to examine the 
effectiveness of five different restoration-planting frameworks concluded that some 
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restoration success measures increased with planting diversity, but overall the rate 
of recovery was similar in framework species and maximum diversity method [44].

Active restorations, using afforestation and reforestation methods, are effective 
biological approaches with the potential to help restore and rehabilitate degraded 
dryland ecosystems and halt desertification [45]. Among other benefits, rehabilita-
tion improves the soil biological activities where high rates of soil organic matter, 
organic C and N, suitable soil acidity range, and abundance of forest litter are 
considered the predisposing factors promoting higher microbial populations in 
enrichment planting as compared to secondary forest [46].

Afforestation is the planting of forests on land that historically had no forests 
[47]. The main purpose of afforestation is to reduce soil erosion by planting trees, 
which increases soil stability and enables forest regrowth. Other purposes include 
improving the potential wood extraction in the future and improving the visual 
landscape. However, there have been concerns that conversion of “natural” dry-
lands to dryland forestry may have adverse ecological and environmental impacts 
on the environment, thus risking a wide range of ecosystem functions and services. 
Attempts have been made to demonstrate the potentially adverse implications of 
dryland forestry and highlight the caution needed when planning and establish-
ing such systems [45]. For instance, in order to negate suppression of understory 
vegetation and sustain plant species’ richness and diversity, low-density sava-
nization by non-allelopathic tree species is preferred over high-density forestry 
systems by allelopathic species. According to the author, and wherever possible, it 
is preferable to plant native tree species rather than introduced or exotic species, in 
order to prevent genetic pollution and species invasion. In addition, mixed-species 
forestry systems should be favored over single-species plantations, as they are less 
susceptible to infestation by pests and diseases. In addition, drought-tolerant, fire-
resistant, and less-flammable tree species should be preferred over drought-prone, 
fire-susceptible, and more flammable species.

4.3.2.2 Passive-restoration methods

These are methods in which no action is taken except to cease environmental 
stressors, such as agriculture or grazing, and are effective for restoring moderately 
degraded lands. In Eastern Kenya, for instance, the results of a study involving 
passive restoration show that woodlands have a high potential to recover if put 
under a suitable management regime since they have a high number of saplings 
[12]. The most commonly used of these approaches is the Assisted Natural 
Regeneration (ANR) approach, which acts on natural regenerates that are already 
present in deforested sites. The word “assist” in ANR refers to helping the naturally 
growing young trees to grow faster [48]. Assisted Natural Regeneration accelerates 
the natural succession process by protecting against disturbances, such as fire, 
stray domestic animals, and humans, and by reducing competition from grasses, 
bushes, and vines that would hinder the growth of naturally regenerated trees 
[48]. Forest restoration using ANR has advantages over conventional reforestation 
through planting by being cheaper to implement as costs associated with seedling 
production, site preparation, and planting are greatly reduced. The plant com-
munity that is established is well adapted to the site conditions, and the naturally 
regenerating plant community typically comprises a mixture of species that result 
in more diverse, multilayered vegetative cover [48].

Assisted Natural Regeneration is a flexible and adaptable approach that can be 
applied in a variety of contexts. It can, for instance, be combined with enrichment 
planting for various reasons including to fill in patches that may not have enough 
wildlings to establish tree canopy cover within the desired time frame, enhance the 
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success and quality of forest restoration, and restore ecologically and/or economi-
cally valuable species to meet specific restoration objectives [48]. Enrichment 
planting may be defined as the introduction of valuable species to degraded 
forests without the elimination of valuable individuals who already existed at that 
particular site [49]. In this technique, trees are planted in gaps, lines, or open sites 
as plantations of mixed species or under canopies of young dryland forests. In a 
study to identify the optimal enrichment planting method vis-à-vis gap and line 
planting, and to evaluate the performance of two dipterocarps and three legumes 
planted in logged-over mixed deciduous forest of Laos, the diameter and height 
growth were favored more in gaps than in planting lines [50]. Furthermore, the use 
of logged-over gaps for enrichment planting was recommended given the difficulty 
to maintain constant line width and even light condition, the cost of annual clean 
operation, and the rigid geometric patterns of planting lines [50]. In Indonesia, gap 
planting with Anthocephalus macrophyllus to rehabilitate degraded natural forests 
increased soil density, although its value was categorized as a very loose soil class 
[51]. In another study from Malaysia, the total mean microbial enzymatic activity, 
as well as biomass carbon (C) and nitrogen (N) content, was significantly higher 
under enrichment planting than under secondary forest [46].

There is little consensus on whether active or passive restoration strategies are 
more successful for recovering biodiversity because few studies make adequate 
comparisons [41]. In some studies, recovery of species’ richness and composition 
is similar in active- and passive-restoration sites, while in others, recovery of forest 
specialists is enhanced through active restoration [40, 41]. While both restoration 
strategies may lead to different vegetation structures, they may support similar 
biomass of foliage-dwelling arthropods and be similarly used by foraging insectivo-
rous birds [40]. Passive restoration is generally less costly than active restoration 
and, if local and landscape characteristics do not impede recovery, may be a viable 
alternative. Where active restoration is adopted, it should be implemented using 
mixed plantations of native tree species and, whenever possible, select sites close to 
mature forest to accelerate the recovery of tropical forest biodiversity [41]. Because 
active restoration is more expensive than passive restoration, both strategies should 
be used in complementarity at the landscape level for cost-effectiveness and optimi-
zation of the different land management objectives for the wider landscape [40, 41].

4.3.3 Challenges of tree growing in drylands

Tree planting in the drylands poses challenges to land users, which are brought 
about by a combination of edaphic, ecological, and socioeconomic factors in 
these areas. These include, among others, moisture stress, termite infestation, 
animal damage, and competition from weeds [8, 52]. Although the farmers and 
tree growers have developed interest in tree planting as an investment activity, 
they are discouraged by the continuous low tree survival rate and thus are not 
able to reap the maximum benefits from their tree crop. In a guideline intended 
for farmers and tree growers living in the drylands of Kenya, the common factors 
contributing to tree mortality at all stages of tree growing have been presented 
[8]. They also provide interventions that can be applied during species’ selection, 
raising seedlings in the nursery, out-planting, and tree management to enhance tree 
growing in the drylands. The Kenya Forestry Research Institute (KEFRI), through 
the dryland forest research program, has identified major factors contributing to 
low tree survival and developed mitigation measures, which include the selection 
of appropriate tree species and development of suitable methods for propagating, 
establishing, and managing trees [8]. KEFRI has demonstrated better ways of 
re-afforestation especially in areas under limited water availability [52], proposed 
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species-site matching as a key consideration, especially with drought tolerance, and 
found mycorrhizal inoculation to greatly enhance the survival of trees planted in 
degraded areas, which have low mycorrhizal inoculum potential [53]. Inoculated 
trees have been used to restore the soil inoculum and to enhance the growth of 
interplanted agricultural crops. There are also opportunities to exploit tree/crop 
symbiotic associations in agroforestry systems, using trees selected both for their 
own attributes and for soil-improving qualities [53]. Farmers and tree growers need 
to adhere to these measures to improve tree survival and thus realize maximum 
profits from tree-planting activities.

4.3.4 Biodiversity policy and management in Kenya

4.3.4.1 Biodiversity law and policy

A number of legal and policy instruments have been put in place to enhance 
conservation and regulate utilization of biodiversity resources. Among these instru-
ments are the Constitution of Kenya 2010, which entrenches a range of environ-
mental imperatives and provides an avenue for remedying the land tenure, land use, 
and gender-inequity issues that have negatively affected the country’s biodiversity. 
The Constitution also decentralized the management of a range of natural resources 
to the devolved units known as County Governments. Other biodiversity-related 
instruments include the Revised Kenya National Biodiversity Strategy and Action 
Plan (2010), Integrated Coastal Zone Management Policy (2010), Environment 
Management and Coordination Act (1999), National Water Policy (1999), Water 
Act (2002), Draft Forest Policy (2004), Draft ASALs Policy (2004), Forest Act 
(2005), Fisheries Policy (2008), Heritage Sites (2006), National Land Policy (2009), 
Energy Act (2006), Biodiversity Regulation (2006), Draft Wildlife Policy (2007), 
and the draft of Minerals and Mining Policy. Any initiative that directly or indirectly 
helps to conserve the country’s biodiversity helps to meet the specific Vision 2030 
poverty-alleviation objectives as well as the goal of improving the general welfare of 
citizens. A national biodiversity policy and law would be a useful complement to the 
above operative instruments.

4.3.4.2 Biodiversity research and development agenda for drylands

The Natural Resource Management (NRM) has been defined to mean inter 
alia the sustainable utilization of major natural resources, including forests, 
wild flora, and fauna [54]. Natural resources play an important role in providing 
fundamental life support, by proving a diversity of products and services, both 
social and ecological. Sustainable management of these resources is challenged by 
increasing demands, climate change, pollution, and economic development needs. 
These pressures have led to dwindling availability of natural resources, especially 
in the ASALs. The national research priorities that have been identified in Kenya to 
address the above challenges include, among others, the following [55]:

• Balance between productivity and environmental services

• Environmental protection for sustainable agriculture, livestock management, 
and aquaculture

• Studies on ecosystem services (including provisioning)

• Biodiversity and conservation of genetic resources
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Biodiversity is also a key component of KEFRI’s research and development 
agenda as articulated in the Institute’s 2018–2022 Strategic Plan [56]. The current 
KEFRI Strategic Plan aims to achieve the following seven strategic objectives:

• Generating technologies for the establishment and management of forest 
plantations and trees on farms and enhance the production of superior germ-
plasm for priority tree species for different agroecological zones

• Generating rehabilitation technologies for adaptation to climate change, 
sustainable forest landscapes, woodlands, wetlands, and riparian ecosystems

• Developing technologies for efficient processing and utilization of wood and 
non-wood forest products

• Formulating forestry policies for sustainable forest management and improved 
livelihoods

• Disseminating forestry research technologies and enhancing institutional 
research and development capacity

• Strengthening institutional capacity for research and development

• Enhancing corporate communication and publicity

KEFRI’s specific actions in the development of technologies for rehabilitation 
and restoration of forests and allied natural resources in drylands target the  
following [56]:

• To develop guidelines on rehabilitation and restoration technologies and train 
stakeholders

• To establish permanent sample plots in forests and woodlands ecosystems for 
collection of data on ecological trends and dynamics

• To develop strategies for in-situ and ex-situ conservation for threatened and 
endangered species

• To perform ecological studies for various forest types to secure a broad range of 
goods and environmental services

• To develop technologies for sustainable natural forest and woodland 
management

• To quantify the impact of animal damage on forest ecosystems

4.3.5 Biodiversity conservation in Kenya

Although Kenya’s biodiversity remains highly protected, declines are common 
phenomena due to a number of anthropogenic threats that have led to numerous 
conservation challenges [57]. Nevertheless, the country explores all avenues to 
ensure that efforts to win the war against biodiversity losses are sustained. Examples 
of progress made in research and development for drylands afforestation in Kenya 
include the following:
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4.3.5.1 Selection of appropriate tree species

Until the 1980s–90s, when it became a government policy in Kenya to promote 
the replanting of indigenous rather than exotic tree species, most of the work on 
the selection of trees of arid and semiarid lands in Kenya was with exotic fast-
growing species [53]. Since then, selection criteria have continued to evolve with 
consideration around preferences of local communities, availability of quality 
genetic material for propagation, and site biophysical conditions. Currently, a 
large number of tree species have been recommended for the drylands of Kenya 
[52, 53]. In the dryland areas of Kitui and Kibwezi (Eastern Kenya), tree species 
grown and recommended include Azadirachta indica, Jatropha curcas, Senna siamea, 
Leucaena leucocephala, Croton megalocarpus, Casuarina equisetifolia, Melia volkensii, 
Eucalyptus camaldulensis, and Dovyalis caffra [4].

In Kenya, the area under Eucalyptus is likely to increase as a result of high 
demand for transmission poles, for construction, fuelwood, carbon sequestra-
tion, and mitigation of the effects of climate change [58]. However, there is 
much unease about Eucalyptus water consumption as compared to other woody 
flora. On a positive note, studies have established that Eucalypts exhibit high 
efficiency in water use for biomass accumulation. It has been established that 
eucalyptus requires less water to produce one (1) kg of biomass than most 
crops [59].

Melia volkensii, an important timber species that grows well in well-drained 
soils, is a promising indigenous tree species found in the drylands of Kenya. It is fast 
growing, drought tolerant, and produces high-quality hardwood timber for furni-
ture. However, this species is heavily exploited in its natural stands and the trend 
has been worsening over the last decade owing to shortage of alternative hardwood 
species in drylands. As a result, programs promoting domestication of the species as 
a plantation species are ongoing [60–62].

4.3.5.2 Development of suitable methods for propagation

Poor propagation of some promising tree species in the drylands of Kenya has 
slowed down the country’s efforts to increase its forest cover to the targeted 10%. For 
example, lack of seedlings attributed to poor seed germination is experienced with 
Terminalia brownii, a drought-tolerant species, which can be used to rehabilitate 
degraded drylands through reforestation and agroforestry approaches [63]. The cur-
rent demand for Terminalia seedlings is higher than the supply. Research has focused 
on development of technologies ranging from breakage of dormancy to plant-tissue 
cultures to improve germination propagation of such species. Studies have been 
conducted to investigate the dormancy and germination of T. brownii seeds collected 
from various dryland sites in Kitui, Makueni, Tharaka-Nithi, and Baringo Counties 
of Kenya. Extracted seeds recorded the highest germination with the best at 76% 
compared to nipped seeds (13%) and those subjected to other treatments [63]. Melia 
volkensii Gurke is another drought-tolerant tree native to the drylands, of which culti-
vation is limited by difficulties in propagation via conventional means. Full exploita-
tion of the ability of thidiazuron to elicit regeneration in plant-tissue cultures, as a sole 
plant growth regulator, was found to be hampered by high costs. Alternative effective 
and low-cost agrochemical thidiazuron for in vitro propagation of M. volkensii was 
found to be Kingtai-TDZ, which has a high potency and suitability for use in tissue 
culture of the species [61]. Because of difficulties in seed germination, land users 
sometimes go for the use of plants produced from root and stem cuttings, rather than 
from seedlings, and researchers have focused on the possibility that root and stem 
cuttings may be used for propagation, rather than seedlings [62]. However, if cuttings 
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are used to circumvent the problems of seed germination, alternative methods of 
controlling competition, such as root pruning, need to be considered.

4.3.5.3 Establishment and management of trees

In systems where trees are promoted for on-farm planting or in agroforestry 
systems, challenges associated with tree–crop interactions, and likely competi-
tion such as that for nutrient and water resources, are sometimes experienced. 
Researchers, for instance, find below-ground competition to be a major problem in 
simultaneous agroforestry systems and a focus of much research in recent decades 
[64]. Considering that trees raised from seed may differ in their competitiveness 
from those raised from cuttings, studies have been conducted to evaluate differ-
ences in root system architecture of plants raised from seed, stem, or root cuttings 
and the relationships between the competitivity index (CI) and crop yield [62]. 
From such studies, more shallowly rooted cuttings than seedlings, higher com-
petitivity indices, and a negative relationship between CI and crop yield in Melia 
volkensii under integrated land-use systems have been observed. Therefore, to 
reduce tree–crop competition, the use of seedlings rather than cuttings should be 
recommended when promoting the use of this species on dryland farms [62].

4.3.5.4 Management of invasive plant species

Invasive plants are capable of penetrating and replacing the existing indigenous 
vegetation of a location [65]. These are mostly exotic plants that have been introduced 
in a location, either intentionally or unintentionally, and that reproduce and spread 
on their own [66]. In the late 1970s and the early 1980s, the East African dry lands 
witnessed the introduction of various alien species. They include the 10 key invasive 
plant species that affect the drylands of Kenya and Tanzania [65], namely Lantana 
camara (Lantana), Prosopis juliflora (Mesquite), Prosopis pallida (Mesquite), Opuntia 
ficus-indica (Prickly pear cactus), Caesalpinia decapetala (Mauritius thorn), Psidium 
guajava (Guava), Senna spectabilis (Cassia), Acacia farnesiana (Sweet acacia), Acacia 
mearnsii (Black wattle), and Acacia polyacantha (White thorn).

Invasive plants are a hazard in the tropical dry forests and rangelands of East 
Africa, having increasingly created disasters that have affected the environment and 
socioeconomic well-being of communities inhabiting these dry regions. Some of the 
negative effects of invasive species include causing the death of livestock by poison-
ing and destroying livestock foliage, accelerating biodiversity loss via suppression of 
native plants, and increasing diseases by offering a breeding ground for mosquitoes 
and other insects that carry ailments such as nagana and sleeping sickness [65]. Of 
the 10 invasive species identified in East Africa, 90% suppressed native plant species 
and reduced biodiversity. Because invasive species could cause food insecurity and 
slow economic growth, their potential to derail attainment of the Country’s Vision 
2030 targets cannot be underestimated [67]. In addition, there is a need to explore 
and exploit the range of livelihood opportunities that invasive alien species, such 
as P. juliflora, present in drylands. In this regard, KEFRI and other partners have, 
for many years, conducted research and developed technologies for the control and 
management of this species through utilization.

4.3.5.5 Extension services and outreach

Forestry extension is the art and science of converting information from research 
and past experiences to a practical level for use by local people who may not be 
specifically trained in forestry techniques [68]. There are two approaches to forestry 
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extension, namely top-down approach and bottom-up/participatory approach. 
The bottom-up approach is a two-way information flow system that considers prior 
consultation with target beneficiaries about their needs/problems and aspirations for 
effective planning. The top-down approach is a one-way information delivery system 
that reinforces the hierarchical relationship between the extension agent and the 
client [69]. The aim of forestry extension in the drylands is to help the pastoral people 
manage their livelihoods and their environment and to involve them in forestry 
development activities. Although forestry activities remain the main concern of the 
forestry sector, pastoralists look at their management activities in totality. For this 
reason, an integrated approach to extension involving relevant National and County 
Ministries usually strengthens extension services in the ASALs.

The drylands of Kenya are extensive, with low productivity and sparse popula-
tions, thus calling for appropriate forestry extension methods. The extension 
techniques appropriate for the ASALs and methods of developing them have been 
outlined [68, 69]. Some of the most commonly used extension methods include 
exploratory seminars, small meetings, public meetings, individual visits, and field 
exercises [70]. Efforts are made to establish the two-way flow of information from 
the forestry extension agents to the target groups in order to explore local problems 
and their solutions in the context of local traditions, knowledge, needs, and priori-
ties. Common extension tools used include the media (radio, film, television, print 
manuals, and posters), field demonstrations complemented by video and audio 
tapes, slide shows, local actors, and direct discussions.

5. Conclusion

This chapter provides an in-depth review of “desertification” as one of the most 
important challenges to livelihoods and development in the drylands of Kenya. The 
phenomenon results from climatic variations and human activities, such as destruc-
tions of water catchments and deforestation, that exert pressure on forests and 
woodlands leading to degradation, deforestation, and desertification. Desertification 
is, thus, a precursor to increased water scarcity. Overall, it causes reduced tree cover, 
reduces agricultural productivity, and increases water scarcity, climate change, 
destruction of water catchment areas and deforestation, which continue to increase 
water scarcity in Kenya. However, opportunities for remedial measures offer poten-
tial for intensified afforestation toward achieving the national target of 10% tree 
cover. More investment is needed for active and well-coordinated research toward 
rehabilitation and restoration of dryland resource systems. A significant impetus 
in combating desertification and drought is to devolve power to the people who are 
affected and to link environmental degradation to economic policies. Devolved action 
will attract local support to initiated programs. For sustainable development strate-
gies to work, policies should put the welfare of the people in drylands at the center of 
the development agenda, uphold local people’s rights, and empower the same people 
to adopt adaptive strategies to ascertain sustainable livelihoods. This review demon-
strated the role of research and development in availing afforestation technologies in 
drylands to increase biodiversity and avert advancement of desertification in Kenya.

Acknowledgements

The authors acknowledge the support from the respective institutions of affili-
ations that allowed use of the data and information in their reports and granted us 
time to put together this write-up.



17

Combating Desertification through Enhancement of Woody Floral Diversity in the Drylands…
DOI: http://dx.doi.org/10.5772/intechopen.100399

Author details

Joseph Hitimana1*, Edward K. Mengich2, Teresiah N. Kuria1 and Pauline Kimani3

1 University of Kabianga, Kericho, Kenya

2 Kenya Forestry Research Institute, Lodwar, Kenya

3 ICAR-Indian Agricultural Research Institute, New Delhi, India

*Address all correspondence to: josephhitimana@kabianga.ac.ke

Conflict of interest

The authors declare no conflict of interest.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



18

Deserts and Desertification

[1] Burrow E, Mogaka K. In: Behnke R, 
editor. Kenya’s Drylands—Wastelands 
or an Undervalued National Economic 
Resource. Gland, Switzerland: IUCN; 
2007. p. 44

[2] Mortimore M. Dryland 
Opportunities: A New Paradigm for 
People, Ecosystems and Development. 
IUCN, IIED, Gland, Switzerland: 
UNDP; 2009. p. 98

[3] Bonkoungou EG. Biodiversity in 
drylands: Challenges and opportunities 
for conservation and sustainable use. In: 
Maryam-Naimir-Fuller (UNDP/GEF), 
editor. The Global Drylands Partnership 
CIDA UNSO UNDP/GEF IIED IUCN 
WWF. NEF; Undated. Available from: 
https://www.iucn.org/sites/dev/files/
content/documents/biodiversity-in-the-
drylands-challenge-paper_0.pdf

[4] Kenya Forest Service. Forestry 
potential in the drylands. In: Forester: A 
Quarterly magazine of the Kenya Forest 
Service. Issue No. 12. April–June 2014

[5] Republic of Kenya. Economic Survey. 
Central Bureau of Statistics. Nairobi: 
Ministry of Planning and National 
Development; 2002

[6] Republic of Kenya. Sessional Paper 
on Sustainable Development of Arid 
and Semi-Arid Lands of Kenya (Draft). 
Nairobi: Office of the President; 2005.  
p. 30

[7] Darkoh MBK. The nature, causes and 
consequences of desertification in the 
drylands of Africa. Land Degradation 
and Development. 1998;9:1-20

[8] Mwamburi A, Musyoki J. Improving 
Tree Survival in the Drylands of Kenya: 
A Guide for Farmers and Tree Growers 
in the Drylands. KEFRI Information 
Bulletin No. 2. KEFRI, NALEP; 2010

[9] Carvajal-Escobar YM, 
Quintero-Angel M, Garcya-Vargas M. 

Women’s role in adapting to climate 
change and variability. Advances in 
Geosciences. 2008;14:277-280

[10] Rafferty JP, Pimm SL. 
Desertification. In: Encyclopædia 
Britannica. 2019 [Accessed:  
6 November 2019]

[11] Eswaran H, Lal R, Reich PF. Land 
degradation: An overview. In: 
Bridges EM, Hannam ID, Oldeman LR, 
Pening de Vries FWT, Scherr SJ, 
Sompatpanit S, editors. Responses to 
Land Degradation. Proc. 2nd. 
International Conference on Land 
Degradation and Desertification, Khon 
Kaen, Thailand. New Delhi, India: 
Oxford Press; 2001

[12] Ndegwa GM. Evaluating dry 
woodlands degradation and on-farm 
tree management in Kenyan drylands 
[PhD thesis]. Germany: University of 
Passau; 2017

[13] United Nations Convention to 
Combat Desertification. High-level 
dialogue on desertification, land 
degradation and drought. 2021. 
Available from: https://www.unccd.int/

[14] Trabucco A, Zomer R. Global 
Aridity Index and Potential 
Evapotranspiration (ET0) Climate 
Database v2. Figshare, Fileset. 2019. 
Available from: DOI:10.6084/
m9.figshare.7504448.v3

[15] Trabucco A, Zomer RJ. Global 
Aridity Index and Potential Evapo-
Transpiration (ET0) Climate Database 
v2. CGIAR Consortium for Spatial 
Information (CGIAR-CSI)[online]. 
2018. Available from: https://cgiarcsi.
community

[16] Wiesmeier M. Chapter 14: 
Environmental indicators of dryland. In: 
Environmental Indicators of Dryland 
Degradation and Desertification. The 

References



19

Combating Desertification through Enhancement of Woody Floral Diversity in the Drylands…
DOI: http://dx.doi.org/10.5772/intechopen.100399

Netherlands: Springer, Dordrecht; 2015. 
pp. 239-250

[17] https://www.conserve-energy-
future.com/causes-effects-solutions-of-
desertification.php

[18] WRI (World Resources Institute). 
Kenya GIS data [internet]. 2007. 
Available from: https://www.wri.org/
data/kenya-gis-data [Accessed: 24 
April 2021]

[19] Maina J, Wandiga S, Gyampoh B, 
Charles K. Assessment of land use and 
land cover change using GIS and remote 
sensing: A case study of Kieni, Central 
Kenya. Journal of Remote Sensing & 
GIS. 2020;9(1):1-5. DOI: 10.35248/2469- 
4134.20.9.270

[20] Admio AO, Njoroge JB, Claessens L, 
Wamocho LS. Land use and climate 
change adaptation strategies in Kenya. 
Mitigation and Adaptation Strategies for 
Global Change. 2012;17(2):153-171

[21] ESRI (Environmental Systems 
Research Institute). Kenya GIS data 
[internet]. 2011. Available from: https://
www.arcgis.com/home/group.html?id=c
3a358bb2438470f971fbfca9b2ff6d3&vie
w=list#content [Accessed: 24 April  
2021]

[22] Kipkorir J, Lang’at S. Variability of 
mangrove forests along the Kenyan 
coast. MARG I Final Report: WIOMSA-
MARG I Contract No. 20/2007. 
KEMFRI; 2008

[23] Kinyanjui JM, Shisanya CA, 
Nyabuti KO, Waqo PW, Ojwala MA. 
Assessing tree species dominance along 
an agro-ecological gradient in the Mau 
Forest Complex, Kenya. Open Journal of 
Ecology. 2014;4:662-670

[24] Ogweno EDO, Opanga P, Obara AO. 
Forest landscape and Kenya’s vision 
2030. In: Proceedings of the 3rd Annual 
Forestry Society of Kenya (FSK) 
Conference and Annual General 

Meeting held at the Sunset Hotel, 
Kisumu; 30th September–3rd October, 
2008. 2009

[25] Ototo G, Vlosky RP. Overview of the 
forest sector in Kenya. Forest Products 
Journal. 2018;68(1):6-14

[26] Kigomo BN. State of forest genetic 
resources in Kenya. Sub-Regional 
Workshop FAO/IPGRI/ICRAF on the 
conservation, management, sustainable 
utilization and enhancement of forest 
genetic resources in Sahelian and 
North-Sudanian Africa (Ouagadougou, 
Burkina Faso, 22-24 September 1998). 
In: Forest Genetic Resources Working 
Papers, Working Paper FGR/18E. Rome, 
Italy: Forestry Department, FAO; 2001

[27] Njoka J, Yanda P, Maganga F, 
Liwenga E, Kateka A, Henku A, Bavo C. 
Kenya: Country Situation Assessment 
Working Paper. 2016

[28] Chapter 7: Fresh water, coastal and 
marine resources. pp. 124-149. Available 
from: https://www.nema.go.ke/images/
Docs/Regulations/KenyaSoECh7.pdf

[29] Nyunja J, Ochola S, Pengra B, 
Ochieng E. Kenya Wetlands Atlas. The 
Government of Kenya. Kenya: Ministry 
of Environment and Natural Resources;  
2012

[30] Njoroge LW, Wahab AHA, 
Tracey SA, Oting WKA. Water resource 
in Kenya: Impact of climate change/
urbanization. International Journal of 
Scientific and Research Publication. 
2018;8(4):30-35

[31] Marshall S. The water crisis in 
Kenya: Causes, effects and solutions. 
Global Majority E-Journal. 2011;2(1): 
31-45

[32] Herlocker D, editor. Rangeland 
Resources in Eastern Africa: Their 
Ecology and Development. German 
Technical Cooperation (GTZ): 
Nairobi; 1999



Deserts and Desertification

20

[33] Republic of Kenya (Ministry of 
Environment and Natural Resources). 
National Action Programme A 
Framework For Combating 
Desertification in Kenya in the Context 
of the United Nations Convention to 
Combat Desertification. Nairobi: 
National Environment Secretariat; 2002

[34] UNEP. Global Environment 
Outlook—4: Environment for 
Development. Nairobi: United Nations 
Environment Programme (UNEP); 2007

[35] Kimenju JW, Kahangi EM, Rutto L, 
Mutua GK. Biotic constraints to banana 
production and the remedial measures 
adopted by farmers in Maragua District, 
Kenya. Journal of Applied Biosciences.  
2010. Available from: http://erepository.
uonbi.ac.ke:8080/xmlui/handle/ 
123456789/52625

[36] Malonza PK, Muasya AM, Lange C, 
Webala P, Mulwa RK, Wasonga DV, et al. 
Final Report of Biodiversity Assessment 
in Dryland Hilltops of Kitui and Mwingi 
Districts. Nairobi, Kenya: RPSUD, 
NMK; 2006

[37] NEMA. National Environment 
Research Agenda for 2008-2030. 
Nairobi, Kenya: National Environment 
Management Authority (NEMA) and 
Government of Kenya; 2009

[38] Ndegwa GM, Nehren U, 
Grüninger F, Iiyama M, Anhuf D. 
Charcoal production through selective 
logging leads to degradation of dry 
woodlands: A case study from Mutomo 
District, Kenya. Journal of Arid Land. 
2016;8:618-631. DOI: 10.1007/s40333- 
016-0124-6

[39] Evans J, Turnbull JW. Plantation 
Forestry in the Tropics. 3rd ed. Oxford: 
Oxford University Press; 2004

[40] Morrison EB, Lindell CA. Active or 
passive forest restoration? Assessing 
restoration alternatives with avian 
foraging behavior. Restoration Ecology. 
2010;19(201):170-177

[41] Díaz-García JM, López-Barrera F, 
Pineda E, Toledo-Aceves T, Andresen E. 
Comparing the success of active and 
passive restoration in a tropical cloud 
forest landscape: A multi-taxa fauna 
approach. PLoS One. 2020;15(11): 
e0242020. DOI: 10.1371/journal.pone. 
0242020

[42] Steve G, Nigel IJT. Repairing the 
Rainforest: Theory and Practice of 
Rainforest Re-establishment in North 
Queensland’s Wet Tropics. Queensland: 
Wet Tropics Management Authority;  
1995

[43] Betts H. The framework species 
approach to forest restoration using 
functional traits as predictors of species 
performance [doctor of philosophy 
thesis]. University of Liverpool;  
2013

[44] Singarayer KF, Pohlman CL, 
Westbrooke ME. The effectiveness of 
different planting frameworks for 
recruitment of tropical rainforest 
species on ex-rainforest land. 
Restoration Ecology. 2015;24(3): 
364-372. DOI: 10.1111/rec.12317

[45] Stavi I. Seeking environmental 
sustainability in dryland forestry. 
Forests. 2019;10(737):1-6. doi:10.3390/
f10090737

[46] Karam DS, Arifin A, Radziah O, 
Shamshuddin J, Majid NM, 
Hazandy AH, et al. Impact of long-term 
forest enrichment planting on the 
biological status of soil in a deforested 
Dipterocarp Forest in Perak, Malaysia. 
The Scientific World Journal. 2012(2): 
641346. Available fom: https://doi.
org/10.1100/2012/641346

[47] Millennium Ecosystem Assessment. 
Ecosystems and Human Well-being: 
Synthesis. Washington, DC: Island 
Press; 2005

[48] FAO. Restoring Forest Landscapes 
Through Assisted Natural Regeneration 



21

Combating Desertification through Enhancement of Woody Floral Diversity in the Drylands…
DOI: http://dx.doi.org/10.5772/intechopen.100399

(ANR)—A Practical Manual. Bangkok: 
Food & Agriculture Org; 2019. p. 52

[49] Montagnini F, Eibl B, Grance L, 
Maiocco D, Nozzi D. Enrichment 
planting in overexploited subtropical 
forests of the Paranaense region of 
Misiones, Argentina. Forest Ecology and 
Management. 1997;99:237-246

[50] Sovu, Tigabu M, Savadogo P, 
Oden PC, Xayvongsa L. Enrichment 
planting in a logged-over tropical mixed 
deciduous forest of Laos. Journal of 
Forestry Research. 2010;21:273-280

[51] Elias E, Suwarna U. Impacts of gap 
planting on soil density and erosion. 
Jurnal Penelitian Kehutanan Wallacea. 
2019;8(1):9-18

[52] Kenya Forestry Research Institute. 
Tree Planting and Management 
Techniques under Limited Water 
Availability: Guideline for Farmers and 
Extension Agents. Kenya: KEFRI, 
JIFPRO; 2014

[53] Milimo PB, Dick JMP, Munro RC. 
Domestication of trees in semi-arid East 
Africa: The current situation. In: 
Leakey RRB, Newton AC, editors. 
Tropical Trees: Potential for 
Domestication, Rebuilding Forest 
Resources. London: HMSO; 1994. 
pp. 210-219

[54] Darby S. Natural resource 
governance: New frontiers in 
transparency and accountability: 
Transparency & accountability 
initiative. London. 2011. Available from: 
http://www.transparency-initiative.org/
wpcontent/uploads/2011/05/natural_
resources_final1.pdf

[55] Republic of Kenya (Ministry of 
Education). National Research Priorities 
2018-2022. 2019. Available from: www.
nacosti.go.ke [Accessed: June 2019]

[56] Kenya Forestry Research Institute. 
Strategic Plan 2018-2022. Nairobi: 
KEFRI; 2018

[57] Hitimana J, Ole Kiyiapi JL, 
Kibugi PW, Kisioh H, Mayienda R, 
Warinwa F, Lenaiyasa P, Sumba D. In: 
Grillo O, editor. Challenges of Linking 
Socio-Economic Significance and 
Conservation Value of Forests in 
Drylands of Kenya: Case Study of Kirisia 
Forest-Samburu Pastoralists 
Coexistence, Biological Diversity and 
Sustainable Resources Use. InTech; 
2011. Available from: http://www.
intechopen.com/books/biological-
diversity-andsustainable-resources-use/
challenges-of-linking-socio-economic-
significance-and-conservation-value-
offorests-in-drylands-of-k

[58] Albaugh JM, Dye PJ, King JS. 
Eucalyptus and water use in South 
Africa. International Journal of Forestry 
Research. 2013;2013:852540.  
DOI: 10.1155/2013/852540

[59] Munishi PKT. The eucalyptus 
controversy in Tanzania. In: Paper 
Presented at TAF Annual General 
Meeting (AGM) 23rd–24th 2007 
Dodoma Tanzania; 2007

[60] Muok B, Mwamburi A, Kyalo E, 
Auka S. Growing Melia volkensii. A 
Guide for Farmers and Tree Growers in 
the Drylands. KEFRI Information 
Bulletin No. 3, Nairobi, Kenya; 2010

[61] Mulanda ES, Adero MO, 
Amugune NO, Akunda E, 
Kinyamario JI. High-frequency 
regeneration of the drought-tolerant 
tree Melia volkensii Gurke using low-cost 
agrochemical thidiazuron. Hindawi 
Publishing Corporation. Biotechnology 
Research International. 2012;2012:5. 
Available from: https://doi.
org/10.1155/2012/818472

[62] Mulatya JM, Wilson J, Ong CK, 
Deans JD, Sprent JI. Root architecture of 
provenances, seedlings and cuttings of 
Melia volkensii: Implications for crop 
yield in dryland agroforestry. 
Agroforestry Systems. 2002;56:65-72



Deserts and Desertification

22

[63] Okeyo MM, Obwoyere GO, 
Makanji DL, Njuguna JW, Atieno J. 
Promotion of Terminalia brownii in 
reforestation by development of 
appropriate dormancy breaking and 
germination methods in drylands; Kenya. 
Global Ecology and Conservation. 
2020;23:e01148. DOI: 10.1016/j.gecco. 
2020.e01148

[64] Van Noordwijk M, van de Geijn SC. 
Root, shoot and soil parameters required 
for process-oriented models of crop 
growth limited by water or nutrients. 
Plant and Soil. 1996;183:1-25

[65] Obiri JF. Invasive plant species and 
their disaster-effects in dry tropical 
forests and rangelands of Kenya and 
Tanzania. Jamba: Journal of Disaster 
Risk Studies. 2011;3:417-428.  
DOI: 10.4102/jamba.v3i2.39

[66] Rejmanek M. What makes a  
species invasive? In: Pysek P, Prach K, 
Rejmanek M, Wade M, editors. Plant 
Invasions—General Aspects and Special 
Problems. Amsterdam: SPB Academic; 
1995. pp. 3-13

[67] Howard GW, Matindi SW. Alien 
invasive species in Africa’s wetlands—
Some threats and solutions. In: IUCN-
The World Conservation Union, The 
Ramsar Convention on Wetlands, and 
The Global Invasive Species Programme. 
Nairobi: IUCN—The World 
Conservation Union Regional Office for 
Eastern Africa; 2003

[68] Peace Corps. Reforestation in the 
Pacific Islands. Information Collection 
and Exchange M0033; 1990

[69] Ahmed MR. Extension for 
community development: Planning a 
forestry extension programme. In: Paper 
Submitted to the XII World Forestry 
Congress. Quebec City, Canada; 2009

[70] Kenya Forestry Research Institute. A 
Dryland Forestry Handbook for Kenya. 
Nairobi, Kenya: KEFRI; 1992. p. 95


