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Abstract 
The occurrence of sand dunes on landscapes in the northeast Nigeria is increasing with time. This 
denies man the assess he has to biologically productive and habitable land. This review paper 
highlighted the role of wind erosion and sand dune formation as an after effect of prolonged 
drought and desertification in the arid and semi-arid lands (ASALs) of the north-east Nigeria. 
Several magnitudes of ecological loss and destruction, both at international and local levels were 
discussed; and while admitting that anthropogenic factors are now the major factors responsible 
for current spate of desertification, this paper proposes the scientific and careful use of indigenous 
woody species, which are naturally adapted to arid conditions and highly effective in succession 
and growth towards ecosystem stability. It further suggests selective integration of methods, 
namely windbreak/shelterbelt development, allowing the growth of arid trees on marginal lands, 
soil stabilization using fungal hyphae, improved grass and legume pasture, and the use of crop root 
and microbial biomass as possible ways of reversing the trend of desertification and sand dune 
formation and ensuring stabilized soil for forestry, agriculture and human habitation. This will in 
turn, bring about the optimization of the country’s varying ecoclimes.  
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Introduction 
Desertification is a condition of acute water shortage and dryness, accompanied with 
extreme heat or cold depending on the season of the year. Under this condition, land turns 
from a productive one to one that can sustain little or no vegetation useful for human or 
wildlife (MacZulak, 2010). In the arid regions, sand dunes are formed when 
desertification is not reversed or controlled. When desertification is unchecked, soil 
erosion, which is usually powered by the kinetic energy of wind or water (like flood from 
torrential rainfall), occurs. The UN General Assembly cited year 2006 as the international 
year of deserts and desertification, highlighting the fact that this phenomenon had grown 
to global proportions (Holtz, 2007). The UN Food and Agricultural Organizations (FAO) 
summarized the problem in 2007: “Desertification constitutes one of the world’s most 
alarming processes of environmental degradation. It affects about two-thirds of the 
countries of the world, more than one third of the earth’s surface – more than 4 billion 
hectares (MacZulak, 2010).  
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 Climatic changes like global warming, change in rainfall pattern and natural disasters 
like wildfires were believed to be major factors responsible for drought and 
desertification; however, anthropogenic (human) factors are now considered as more 
important factors responsible for desertification and its consequent problem of wind 
erosion. (Arifalo et al., 2008; Idrisa et al., (2012), Musa, 2012; Akwarandu et al., 2014). 
Man’s triple action of agriculture, structural development and industrialization, all of 
which have increased astronomically as a result of population increase have led to high 
rate of desertification. MacZulak (2010) reported that when forests are destroyed or 
poorly managed by man or harmed by climate change, areas of land once covered with 
lush greenery can turn into barren land within a decade.  
 
In Nigeria, desertification is said to be progressing southward from the Sahara desert at a 
rate of 0.6kmyear-1 (NEST, 1991; YSES, 2008). In the old Borno state, North East of 
Nigeria, percentage of desertified land has increased in the following order: 23.71 in 
1986; 31.30 in 1999; and 46.52 (almost half the state land mass) in 2009 (Musa, 2012). 
Wind erosion is a phenomenon common in degraded sites of arid and semi-arid zones of 
Nigeria where the North East Nigeria is located (McNaughton, 1988). Wind erosion 
occurs when the perennial vegetation cover over land is removed to the extent that the 
soil becomes exposed to prevalent wind, water and soil’s impact. These elements of 
weather - sun, wind and water among others, take their toll on the soil which is now 
devoid of herbaceous plants and woody perennials since, according to Saleh, (2006); 
Hadejia,(1992); YSES, (2008), the annual grasses and weeds in this region only grow and 
cover the soil surface within the approximately 3-4 months regime of rainfall, that is, 
June/ July – September/October (in the region under discussion), after which they either 
dry off and die under excess evapo-transpiration, are eaten by livestock or are burnt up by 
fire, having completed their life cycles. Igboanugo (1992) had observed that wind erosion 
is always accompanied with three-stage effects which are: detachment of soil particles, 
followed by transportation of the particles and finally, the deposition of the particles in 
another place. All these stages are influenced by wind’s kinetic energy. Annually, vast 
fertile farmlands are being lost to wind erosion. The portion of the sediment cycle vital to 
plant life lies in the topsoil, which is the nutrient-containing earth no more than a foot 
deep (0.3m) that supports plant and seedlings root systems (McZulak, 2010); river basins 
have been silted, a situation which, in most cases, result in upland flooding during 
rainfall. Places that were formerly settlement areas for humans have been deserted to 
sand dunes as it is difficult to build or efficiently carry out man’s daily activities on sand. 
Vehicular traction is made difficult in un-stabilized sandy terrains. In places where it is 
possible for some crops to grow, farm lands are yielding far less than their expected 
output (Gadzama, 1991; NEST, 1991). 
 
Arid and semi arid land, otherwise known as ASAL, constitute more than 50 percent of 
tropical Africa, and support more than 35 percent of its population and 70 percent of its 
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indigenous livestock (African Farming, 2003). Anthropogenic overexploitation has 
however, reduced a large part or the tropical arid land to unproductive wastelands. There 
is need to convert more of this category of land to useful arable land for forestry, crop 
production and human habitation, as the worlds teeming population faces the challenge of 
food security (Castlellanet & Jordan, 2002), while on the local scene, Nigeria faces the 
challenge of food insufficiency (Ramalan and Nwokeocha, 2000).  
 
Studies have shown that materials eroded by wind erosion are lighter soil particles, 
comprising mostly of rich dead organic matter and weathered mineral matter that could 
be useful in ecological production (Agbehin et al., 2005; Tisdall et al., 2012, MacZulak, 
2010). Converting the large expanse of desert dune land to more usable and economic 
one through the process of sand dune fixation and stabilization is a possible feat as 
countries like Denmark, which was documented as among the earliest to fix and stabilize 
sand dunes by establishing plantations centuries ago now have abundant floral and faunal 
biodiversity on the sites (Wilkie, 2002). Fortunately in Nigeria, the wide variation in 
geoclimatic status across the country is an ecological privilege for production in 
agriculture and forestry. It ensures the availability of species adapted to varying and 
possibly, extreme eco-climes. Apparent variation in floristic diversity can be utilized in 
forestry and agriculture in the ASAL region for both local livelihood and national income 
generation.  
 
The geology in the North East Nigerian savanna, according to Musa (2012) is described 
as largely of crystalline and sedimentary rocks, underlain by basement complex rocks 
whose surface contain drift materials which vary in textural characteristics, but are 
mainly silt clay or clayey. Rainfall amount ranges from average of 150mm in the North, 
at the fringes of the Sahara to 800mm in the southern the Sudan Savanna experienced 
between the months of June and October/November. Highest average monthly 
temperature of 42OC is experienced in April and lowest of 30OC in December. Mean 
minimums of 12.1OC and 29.1OC are experienced in January and June respectively. 
Rainfall lasts for about 120 days in the northern parts and 140 days in the southern parts 
of places like Borno and Yobe states. Clear marked dry season is eight to nine months, 
while wet season spans three to four months. The soil profile is poorly developed and 
wind– blown soil particles have nutrients essential for plant growth (YSADP, 2008; 
Musa, 2012). Crops that perform exclusively well on sandy soils (alfisols) within the 
short annual rainfall regime in the arid region of the north east include short regime crops 
like millet, groundnut, cowpea, tomatoes, beniseed, pepper and spices like ginger, garlic 
and onion which may be cultivated through irrigation; while trees which grow 
exclusively in this region include Acacia species, which include the prestigious gum 
Arabic, a tree of high industrial value , whose exudate is used internationally in the 
beverage industry, pharmaceutical industry, textile industry and leather industry, and 
which will only grow in soils where desert conditions are prevalent like Borno, Yobe, 
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Jigawa and Bauchi states of Nigeria. Other trees are Adansonia digitata (baobab), 
Balanite Aegyptiaca, Anongeissus leiocarpus the date palm and Borassus aethopium 
(doun palm). All these species represent special genetic diversity peculiar to the sandy 
arid region.  
 
About 11 states in Nigeria are desert prone already. Below is map of Nigeria showing the 
11states threatened by desertification (eduresourceworld, 2013). 
 

  
 
Figure1. Eleven Nigerian states threatened by desertification 
Source: eduresourceworld.com 
 
 
Sand Dune Management 
It is difficult for humans to control climatic factors responsible for drought and 
desertification. Therefore, for sand dunes to be effectively managed and salvaged by 
man, such that vast expanse of land lost can be put to biologically productive use in 
forestry and agriculture, controllable biological entities like trees and other vegetations 
can be coordinated, manipulated and used. According to Akwarandu et al. (2014), and 
Igboanugo (1992), this involves wind break or shelterbelt establishment for sand dune 
fixation and dune stabilization.   
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Wind break/shelter belt establishment 
While there is a direct proportionality between slope and rate of water erosion, wind 
erosion, on the other hand, requires a flat earth surface or a plane relief to take place. 
Obstruction on the path of silted wind brings about a reduction in wind speed, a 
deflection of wind or deposition of materials in suspension (Igboanugo, 1992). Wind 
breaks and shelterbelts essentially perform two or more of these functions. A wind break 
is any material that is used to either interrupt or deflect the free flow of sand laden wind. 
Research has shown that living or standing trees make the best windbreaks 
(Igboanugo,1992; Ames,1997; Akwarandu et al., 2014). Windbreaks consist of a line of 
defense such as a hedge, fence, single or double row of trees and can therefore be created 
in most farms and gardens while shelterbelts are formed of tall trees and shrubs (over 
4.5m/14½ft) planted in three or four staggered rows and are therefore only suitable for 
larger sites. To be effective, windbreaks must be semi-permeable, ideally filtering 50-60 
percent of the wind to reduce its strength. Solid barriers are unsuitable as they lead to 
damaging eddies of wind on each side. Brick walls, rafters, polythene materials and mats 
have been used with far less success due to material failure with time and their inability 
to filter wind among other things. Trees for sand fixation are planted in two or three rows 
perpendicular to the direction of prevailing wind (i.e. the trade wind) at intra and inter 
row space that depends on tree species’ form, canopy type and rate of growth. Estuaries 
(protected site) should be situated about 100 to150 feet from the windbreak (Ames, 
1997). According to Ames (1997), the effect of a wind break is felt, in a decreasing order, 
to a distance of 10 times the height of the last row of trees windward.  
 
Table 1: Height of windbreak trees and perpendicular distance of their effect 
 
Distance from windbreak 
5H  10h 15H 20H 25H 30H % reduction in wind 
78%  66% 35% 14% 10% 4% 
 
(H represents height of the windbreak trees, the perpendicular space represents the 
distance of the windbreak from object or structure to be protected, thus, 5H signifies 
distance of 5 times the height of the wind break which brings about a correspondent 78% 
reduction in wind speed and turbulence etc.).  
Source: Ames, 1997  
 
Apart from trapping silt and sand, thereby initiating sand dune formation, existence of a 
windbreak has many positive effects on the estuary (protected site), among which are 
microclimate amelioration which initiates ecological succession, improved livestock 
production, increased crop yield, water shed protection and comfortable living for man 
and animals. 
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The added advantage of a shelterbelt is that it can be established using tree vegetations 
already existing in any spatial and temporal form. According to the Royal Horticultural 
Society (RHC), the following considerations are to be taken before establishing trees and 
other vegetations for shelterbelt and windbreak in the ASAL regions: 
 
 Plant shrubs and trees fairly close together: 30-90cm (1-3ft) between most plants 

within the row is suitable  
 In shelterbelts large trees should be spaced at least, 2-4m apart, with shrubs planted 

between the lines of trees to slow wind at the base of the belt. In deep shelterbelts, 
plant the tallest trees at the centre, with shorter trees or shrubs at the front and back  

 Put tree guards in place to protect trunks from rabbit damage  
 Keep new plantings well mulched, watered and weed-free until they are established  
 Rows of trees and hedges can be pruned annually to keep them dense  
 
Sand Dune Stabilization 
Planting/allowing the growth of arid trees 
Sand is usually and repeatedly deposited at and around the base of wind obstructions or 
deflectors like wind breaks. Deposited sand pile up over time to become dunes that 
measure several feet high; this makes crop farming, building construction or vehicular 
and human movement difficult. However, establishing and maintaining a vegetative 
cover on sand dune comprise an important method of wind erosion control. Woodruff et 
al., (1977) reported a high correlation between plant area index of stalks and soil 
protection in terms of surface friction velocity, reduction and siltation, and interception 
by standing stalks. A good sand dune fixation and stabilization plant in the North East 
Nigerian ASAL will have the following characteristics: 
 

 It should be drought resistant 
 It should be species that require just paucity of nutrient for survival 
 It should be able to withstand wide temperature variations as is experienced in the 

‘harmattan’ and heat periods of the year 
 Its shoot system and anchorage should be such that resists strong winds. 
 
When seedlings are to be introduced by planting, they should be hardened out in the 
nursery before planting out, and this involves simulating expected field conditions of the 
sand dune. This may involve gradual removal of shade and water available to the 
seedlings before transplant. Planting holes should be dug in the sand dune just before 
planting, and care should be taken to prevent contact between the seedling and dry sand. 
Some locally available indigenous tree species that are adapted to ASAL conditions are 
some Acacia species like Senegalia Senegal otherwise known as ‘gum Arabic and Acacia 
seyal, Balanites aegyptiaca and Tamarindus indica and Borassus aethopium. Apart from 
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the qualities above, they are also known to withstand seasonal fire attacks. The evergreen 
Balanites is used by farm owners as buffer plant against fire outbreak.  
 
Stabilization using fungal hyphae 
The hydrogen bonds found in water molecules existing within the soil and binding soil 
aggregates are weakened when the soil is dry. Low periodicity of rainfall on the clayey 
silt soil in the arid region keeps it dry for too long, thereby leaving the soil open for wind 
erosion, especially when the soil is bare. Efforts made by local farmers to overcome this 
challenge include surface mulching, stump mulching and manure application using 
farmyard manure and food wastes. Materials used in these methods, though organic and 
efficient, are not self-sustaining at the long run after a sustained period of dryness and 
their humus colloids have been integrated into the soil and possibly absorbed as soil 
nutrients or washed away, Tisdall et al., (2012) reported the successful use of hyphae of 
six strains of saprophytic fungi with positive relationship between desert soil’s resistance 
to abrasion under factors like wind erosion, tensile strength of soil, hot water extractable 
carbohydrate, dispersion index, pH and hyphal length density (HLD), suggesting a fungal 
enlargement of soil aggregates by cross-linkage and entanglement of particles. 
Introducing an appropriate cultured strain of fungi on vegetated ASAL soil of the North 
East Nigeria will result in a more stable soil surface and medium which is resistant to 
wind abrasion and traction, a development which, under improved soil water condition, 
will start off a successful ecological succession towards a more stable ecosystem.  
 
Improved grass and legume pasture 
Agbehin and Adewuyi, (2005) and Yang et al. (2005) reported a positive correlation 
between the growth/performance of perennial grass and shrubs and sand stabilization. 
Characterizing these perennial grass and shrubs, otherwise known as xerophytes is their 
ability to withstand evapo-transpiration through reduced numbers of stomata and a better 
regulated stomatal activity and waxy leaf epidermal cells. The extensiveness of the root 
system makes water sourcing more efficient in the dry environment and at the same time, 
binds the soil particle better, giving better anchorage and protecting the plant and 
underlying soil from wind erosion. The leaf area is largely reduced and arranged at an 
angle of inclination that permits optimum light trapping with minimal loss of water 
vapour. Perhaps the most important feature of xerophytes is their ability to remain 
temporarily dormant at certain periods of, say, extremely dry conditions. This will be 
made effective only when there is an effective controlled grazing system on ground.  
 
Crop root and microbial biomass 
With mycorrhiza growth and increased root biomass in soil as a result of dry season 
irrigation farming, making use of the flat, well drained sandy soil binding capacity of 
dunes can be increased (Ramalan, 2000; Agbehin and Adeniyi, 2005). Dry season 
farming powered by irrigation has two major effects on desert soil; it ensures that the soil 
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is not dry and thus does not allow siltation by wind. Also, plant biomass, especially, from 
the root left after harvesting of crops act as binders and organic reservoirs. Mycorrhizal 
activity usually attached to the root of crop plants in order to complement crop’s root 
effort at nutrient and water sourcing from the soil also helps in soil stabilization. 
Mycorrhizal growth on farm soils is encouraged by farm practices like fertilizer 
application and watering.  
 
Some Indigenous plant species of the arid and semi-arid north east Nigeria 
A list of some locally growing highly adapted plant species to be considered in vegetating 
ASAL land of the North East Nigeria are given below. Also shown for some of them, are 
their adaptative features and importance. 
 
Tree species  
The Ziziphus species, which consists of Z. abyssinica, Z.mauritania, Z.macronata and Z. 
spinachristi are drought tolerant specie that grows as shrub on sand, but develop with 
time to a small tree. Leaf structure varies according to variety. The spinachristi, for 
instance possess thorns to prevent excessive browsing by animals. The fruit, produced in 
the dry season, is sweet and edible to man. The cuticle protected microphylous leaves and 
extensive tenacious root system makes it appropriate for soil water conservation and sand 
dune stabilization. It is also a fodder crop rich in crude protein and highly valued by 
animals in the dry season (Njidda and Olatunji, 2012). 
 
Acacia species, these include A. Senegalensis and Acacia albida among others. They are 
leguminous, drought tolerant small trees. The acacia can survive on annual rainfall of 
150mm and has soil nitrogen fixing microphylous leaves which decompose easily as soil 
litter. Exudates of the thorny Acacia senegalensis is the highly priced ‘gum arabic’used in 
the pharmaceutical, textile, food and beverage industries among others. Acacia 
senegalensis can only grow in arid and semiarid region as it is not water tolerant 
Adansonia digitata. This species is the Baobab tree otherwise known as ‘kuka’ in Hausa 
language. It is a household plant usually seen in homesteads and fields. It has a high 
ability to store water in its relatively smooth bloated trunk during favourable seasons, 
shedding its leaves when there is need to conserve water. The plant’s root leaves large 
reserve of biomass in the soil and produces broad leaves that are very nutritious for man. 
The Adansonia is usually one of the last trees remaining on any degraded desertified 
land. 
 
Anongeissus leiocarpus, otherwise known as ‘Marke’ locally, is a tall ASAL tree that 
branches gracefully, forming good canopy and improving microclimate. The 
Anongeissus’ trunk is tough, whitish with flakes and fire resistant. The leaves are fairly 
evergreen, and it is supplied with water and nutrient by the deep, extensive roots. The leaf 
makes good forage.  
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Balanites aegyptiaca is popular for its evergreen, dense leafed, tough and thorny shoot 
system. It is a good windbreaker when in combination with taller and less densely leafed 
trees (Akwarandu et al., 2014) it is also highly fire resistant.  
 
Tamarindus indica, otherwise known as ‘tsamiya’ in Hausa language. This is a 
leguminous species which can best be used for shelterbet as it exhibits territorialism 
through allelopathy on many plants (Parvez et al., 2003). However, its tall nature and 
thick, evergreen canopy serves as a good wind reducer. It also functions well in climate 
amelioration during heat period. The fruit, rich in vitamin c and carotenoids, is used in 
preparing meals (Parvez et al.). Some other tree species are: 
 
Bombax costatum, Guiera senegalensis, Comiphora africana, Bosnia senegalensis, 
Philiostigma reticulatum, Scleroparya birrea and Teminalia avicenoides 
 
Herbs and grasses 
The following herbs are well adapted to the soil and climate of the arid region of Nigeria; 
Cassia mimosoides, Cendrum biflorus, Commelina forscalaci and Eragrostic tremula; 
while the following grasses also grow well in the ecosystem; Aristida longiflora, 
Blephansis linarufolia, Pennicetum pedicellatum, Schizachyrium exile, Commelina 
forscalei, Sclerocarya birrea and Pterocarpus evinaceus. Apart from the adaptative 
features stated above, herbs and grasses of the arid and semi-arid lands have the ability to 
complete their life cycles within the four months of rainfall, while the perennials can 
remain temporarily dormant or live through their roots till the next rainy season. This 
may explain why most xerophytes have highly developed or high root: shoot ratio. 
 
Conclusion  
If eleven out of the thirty-six states of Nigeria is now threatened by desertification, and 
unchecked cases of desert encroachment keeps expanding, reducing the rate of forest 
exploration by the populace may not bring a long lasting solution considering our 
increasing population growth and spate of development. The use of existing natural tools 
for ecosystem stability and balance – indigenous trees and herbs- is the only 
economically and biologically practicable means of restoring lands that are continuously 
being covered by sand dunes in the arid and semi arid regions. Research has shown that 
this method has been practiced in other places and can be successfully practiced in 
Nigeria using our indigenous species naturally meant to grow in the ASAL region.  
 
Recommendation 
From the foregoing, and in order to achieve positive conversion of degraded ASALs 
under sand dunes, governments and individuals must carefully carry out the following 
steps and processes: 
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 Earmarking in a sequential order, from less affected to more affected areas, places 
to be restabilized from sand dune and desertification 

 Introduction of indigenous arid trees, shrubs and herbs into these areas, nourishing 
them as much as possible 

 Protection of any of these project sites from human interference, and ensuring its 
consistent management for successful maturity by ecological succession 

 Repeating the processes above on new sites in the seguence.  
 
Furthermore, successful dune fixation plantations must be suitably managed, in a 
progressive manner, based on human and material resources available and rate of 
‘ecosystem recovery’ in terms of compartmentalizing, manuring, watering, fungi 
application among others from the least affected to the worst affected. This way, it will 
be understood that arid and semi arid lands are rather ecological blessings in the 
geoclimatic integrity of Nigeria. 
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