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ABSTRACT 
 
Dry regions are facing environmental challenges which have resulted in 
biodiversity and soil fertility loss. It is highly recognized that trees contribute a 
range of ecosystem services in urban environments. Rehabilitation using 
indigenous tree species in Kenya faces challenges as the country lacks guidelines 
on species site matching. The main objective of this study was to assess the 
ecological performance of rehabilitation efforts in two arid and semi-arid (ASAL) 
sites with varying number of tree species but not abundance in each of the sites. 
The study further determines the efficacy of rehabilitation by varying the number 
of species in degraded ASAL areas. This study employed ecological study 
technique using height, diameter at breast height (DBH), Soil pH and compared the 
performance of the tree species in the field against performance of similar species 
at their early growth stages in the nursery. The study results showed significantly 
higher soil pH in the nursery (p<0.05) than in both the degraded ASAL field sites. 
Similarly, the mean tree heights were significantly higher (p<0.05) in site with 
higher species diversity than site with lower species diversity. There was no 
significant difference (p>0.05) in the species DBH in the two sites. Other than soil 
amendments for fertility improvement to increase trees performance, there is 
need to rehabilitate degraded areas with higher tree species diversity to achieve a 
resilient heterogeneous ecosystem. This study has shown how adding economic 
valuation of tree species would lead to awareness and importance on key native 
species. 
 
Key words: Ecological performance, tree species, rehabilitation, degraded areas, 
arid and semi-arid areas, Turkana County. 
 

 
 
INTRODUCTION 
 
Dry lands are important ecosystems in the world which 
occupies about 41% of the earth land surface and support 
about 2 billion inhabitants (FAO, 2016). Drylands include 
terrestrial regions, majorly characterized by water scarcity 
which limit production of crops, wood, forage and provision 
of other ecosystem services (Millennium Ecosystem 
Assessment, 2005a). The report by the Millenium 
Ecosystem Assessment (2005b),  indicates that over 90% of 
people living in the dry land are from developing countries 
and mainly depend on forest and non-wood forest products 

to meet their basic needs for food , shelter, wood, medicine 
and forage for livestock. In sub-Saharan Africa, dry land 
forest play a significant role in conservation of biodiversity 
and harbouring of unique and endemic species that are well 
adapted to harsh climatic condition while providing 
essential ecosystem services (FAO, 2010). Africa’s drylands 
constitute about 65% of the total land massand a major 
source of forage for ruminants(Zerga et al., 2018). However, 
most of these dry land areas are caught in spiral of 
desertification, degradation and drought (DLDD) as well as  
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deforestation and land fragmentation (FAO, 2010). Thus 
threatening food security, ecosystem integrity and quality 
of life of both dryland and non-dryland 
communities(Millenium Ecosystem Assessment, 2005; 
Reynolds et al., 2007). 

Land degradation and deforestation have well been 
documented as the major threat to human well-being and 
environment due to the resulting loss in biodiversity, soil 
erosion and significant contribution to greenhouse 
emission(Jama and Zeila, 2005; Kiptoo and Mirzabaev, 
2014; Yirdaw et al., 2017; Zerga et al., 2018). According to 
Millenium Ecosystem Assessment(2005a), 10-20% of 
drylands are already degraded and if uncheck, the 
desertification and degradation of ecosystem services in 
drylands will threaten the improvement of human 
wellbeing in future. A study conducted by Kiptoo and 
Mirzabaev (2014) shows that land degradation cause huge 
economic loss which affect an estimate of 1.5 billion people 
globally. Land degradation in the rangelands of Kenya is not 
an exception. The government of Kenya recognizes land 
degradation as a serious threat to the country’s economy, 
which cause an annual economic loss of USD 390 million or 
3% of country’s GDP (GoK, 2016a). Land degradation also 
threatens the livelihoods of millions of rural people who 
depend solely on land ecosystem goods and services 
(Mulinge et al., 2015). The most critical driver of land 
degradation is poor land management which include 
destruction of natural forests for timber, charcoal 
production, expansion of agricultural land, overgrazing, 
mining and infrastructure projects(MENR, 2015; GoK, 
2016a), thus leading to increased runoff, flash flooding, soil 
erosion, reduced infiltration and siltation of rivers and 
dams. 

Kenya’s forest cover and woodlands are increasingly 
under pressure from the ever growing human population 
and these woodlands are shrinking due to human-induced 
deforestation (Gichora et al., 2009). The forest cover in 
Kenya has changed from 3,708,000 hectares to 3,467,000 
hectares from 1990 to 2010(MENR, 2015). As a result of 
deforestation, the country is losing approximately 12000 
hectares of forests annually(Stiebert et al., 2012). Based on 
the land degradation assessment report by (GoK, 2016a), 
national forest cover was estimated at 6.99% by 2014 
against the target forest cover of 10 % (MENR, 2015), while 
2.2% of the land area of Kenya is bare. This report further 
indicates that 71.9% of the Kenya’s land is at a higher risk 
of degradation due to poor vegetation cover.  

The Arid and Semi-Arid Lands (ASALs) of Kenya which 
occupy about 80% of the total land mass are characterized 
by low rainfall, poor soil structure and highly susceptible to 
land degradation (GoK, 2016b). Because of the increasing 
human induce pressure on these fragile ecosystems 
compounded by the slow recovery rate, decline 
productivity, loss of biodiversity, loss of vegetation cover 
and increasing rate of soil erosion is evident in this 
environments (Mganga et al., 2010). Turkana County being 

an ASAL area has a natural forest cover of about 4.06% 
(Turkana County Government, 2015). According to the 
Turkana County integrated Development Plan of 2018, 
about 50% of the county is highly degraded due to 
overgrazing, leaving vegetation cover without enough time 
to regenerate, deforestation for charcoal production, 
infestation of invasive weeds and unsustainable irrigation 
practices resulting to salinization. Climate change has also 
exacerbated desertification and forest degradation, with 
adverse impacts on the economic benefits and livelihoods 
derived from the forestry sector, as well as biodiversity and 
other environmental services (Stiebert et al., 2012). 
Currently, land degradation continues to threaten food 
security, water quality and quantity, grazing areas and 
climate change adaptation and mitigation strategies, thus 
leading to huge economic losses and destitution of pastoral 
communities in the county (CIDP, 2018). 

Significant efforts have been made by the Kenyan 
Government in the recent years to reverse the impacts of 
degradation through tree planting in the ASALs (Mengich et 
al., 2013). The Kenya Vision 2030, Constitution of Kenya 
2010, National Climate Change Response Strategy and land 
policy among other policies provide guidelines for 
mitigation of land degradation and protection of forests. 
The Kenya vision 2030 long term development blueprint 
commits the country to mitigate unintended adverse land 
degradation and calls for rehabilitation of degraded forest 
areas and sustainable management of dryland forests (GoK, 
2007). The forest conservation and management act 
(FCMA, 2016) and Vision 2030 provide synergies for 
increasing forest cover to 10% through tree planting. 
Despite the presence of existing polices and measures for 
combating degradation, the process has severely been 
constrained by a narrow species selection, use of exotic 
trees that are not well adopted to drylands and inadequate 
information to guide selection of suitable tree species 
(Mengich et al., 2013). Due to water scarcity and high soil 
moisture deficit experienced in this harsh environments, 
rehabilitation is more challenging and slow (Mganga et al., 
2010; Yirdaw et al., 2017). However, successful 
rehabilitation has been achieved in low rainfall areas. For 
instance, the use of enclosures have been effective in 
restoring plant species diversity, composition, biomass and 
vegetation structure of herbaceous and woody components 
in the drylands of Ethiopia (Yayneshet et al., 2009) and 
Kenya (Mureithi et al., 2010; Wairore, 2015). Experiments 
conducted by Owino et al. (2018) show the importance of 
using native species that are well adopted to the local 
climate and water harvesting infrastructures for successful 
establishment of tree stands in semi-arid areas. The use of 
techniques such as pitting, contour furrows and trenches 
are important in creation of micro and macro-catchment 
which reduces runoff thus ensures long period availability 
of water to the plant thereby improving establishment 
(Mganga et al., 2010). Correspondingly, planting of 
appropriate  tree  species  in  respective  localities  has  also  
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been known to lead to successful rehabilitation of degraded 
sites (Mengich et al., 2013). Prediction of field 
performances of tree species based on the early growth 
characteristics at the nurseries is also possible in 
identifying tree species that will not survive or will perform 
poorly under field condition(Mattsson, 1996). 

This study therefore sought to assess the ecological 
performance of rehabilitation efforts in two ASAL degraded 
sites with varying number of tree species with similar 
abundance in each of the sites, establish the variability of 
species in the two sites, determine performance of species 
in early growth stages in the nursery against those in the 
field, and compare by volume the species in the two sites. 
 
 

MATERIALS AND METHODS 
 

Study site 
 

The study was conducted within three sites; Ekalees 
(3.08465N 35.63903E) one of the site is 10 km off Lodwar-
Kitale road (Owino J., 2018) and 0.12 ha.The plot was 
fenced with scarcely populated tree species. The second 
plot was Nadapal (3.08188 N 35.53378 E) which is 4 ha and 
it is located in Loima sub-county. The plot was fenced with 
higher density vegetation cover and monitoring is 
subsequently undertaken. The final plot was KEFRI nursery 
(3.112550oN, 35.599170oE) which is 0.2 ha and it served 
as a control experiment. Different measurements in the 
nursery can be used for identification of seedlings that are 
not likely to survive or grow in the field (Mattsson, 1996). 

KEFRI nursery is under good management and condition 
which allow the growth of various tree species. All the plots 
are fenced to protect the species from human disturbance 
and being eaten by browsers. The soil pH differed in all the 
sites. The most common soil type found in all the sites is 
sand soil but in the nursery, there is a mixture of sand, 
forest soil and manure in the ratio of 5:3:2. 
 
 

Procedure 
 

The instruments used were height pole of 500 cm length, 
wooden meter rule of 100 cm length, Verniercalipers 
(accuracy 0.02mm) and pH tester. Once a tree was selected, 
the following information was recorded: Diameter of the 
stems at breast height (DBH) above 1 m, relative height of 
trees, Soil pH, root color diameter of seedlings and tress 
below 1 m. Vertical heights were estimated using height 
pole of 500 cm length and a wooden meter rule of 100 cm 
length. DBH and RCD were measured using Vernier calipers 
(accuracy 0.02 mm), Soil pH was measured using 4 in 1 pH 
tester and Portable Demetra soil pH meter (range 3.5 to 8 
pH) placed 8 cm slanted into the soil. 
 
 

Data collection 
 
This  is  to  assess  the  impact  of  afforestation which were  

established in Ekalees (approximately 4 years) and Nadapal 
(approximately 1 year). The tree measurements taken 
were; tree height, soil ph., crown cover diameter, diameter 
at breast height or root collar diameter. Every tree species 
in every site was counted and measured. Systematic sub-
sampling method was used in nursery plot whereby 10 
seedlings were selected counted and measured. 
Further variables were derived from the tree 
measurements using the equation below 
 

(i)Volume/tree (m3)=3.14* 
𝐷𝐵𝐻2

4
*Ht*f     

 
where DBH= mean Root collar diameter/diameter at breast 
height per tree, Ht is mean height per tree and f is the form 
factor which is eucalypts=0.6; pine=0.45; cypress=0.41; and 
grevillea all indigenous species = 0.3  
 
(ii) Total volume (m3) = Volume/tree (m3)*average number 
of trees per hectare*area (Ha).  
 
(iii) Approximate value per tree= Total volume (m3)* Value 
(kshs) per vol (m3) (Republic of Kenya, 2016). 
 
The data were tabulated using Microsoft excel, and 
analyzed to determine means of the various variables using 
R-stat. A 2-way ANOVA was performed to find significant 
through comparing blocks and sites. Further, a post-
hocTukeyHSD was done to know the variables that were 
significantly different. 
 
 
RESULTS  
 
Table 1 shows the species diversity, soil pH and 
performance in the three sites (Nursery, Ekalees and 
Nadapal). The study showed a higher species diversity in 
Ekalees (9 spp) though lower species population (68) than 
in Nadapal which had lower species diversity (5 spp) and 
higher species populations (106). The nursery had the 
highest diversity (13 spp) of species at early growth stages 
(Table 1). 

The Nursery also recorded a significantly higher 
cumulative soil pH (6.40.03, p<0.05) around all the tree 
seedlings than Ekalees and Nadapal (6.30.05,6.20.04), 
respectively (Table 1). The mean tree heights were 
significantly higher (p<0.05) in Ekalees (352.4 ± 14.90 cm), 
a site with higher species diversity than in Nadapal 
(230.9±11.18cm), a site with lower species diversity. 
However, there was no significant difference (p>0.05) in 
the species DBH in the two sites and planting times. Cordia 
sinensis was recorded as the tallest tree species with a mean 
height of 413.23 ± 12.77 cm (Table 1). The nursery 
(Control) recorded the lowest mean heights of all the tree 
species as compared with Ekalees and Nadapal. The Species 
heights in the ‘Field’ block were all significantly different 
except for Aloe turkanensis (Table 1). 
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Table 1: Species performance showing of the mean heights,RCD/DBH, age of trees per ha, volume of trees, total volume and value of treesat the Nursery, Nadapal and Ekalees sites in Turkana County, 
Kenya. The last 3 rows show mean totals for each site. (± Standard Error and small letters in superscript denote significant difference (p<0.05)). 

 

Site Block Species Sample (n) SOIL pH HEIGHT (cm) RCD/DBH (cm) Area (Ha) Avg trees/(Ha) Vol_tree (m3) total Vol (m3) Value (Kshs) 

Nursery Control Aloe turkanensis 10 6.5±0.09 24.7±3.96 2.8±0.61 0.20 50 45.80 458.00 2101292.97 

Nursery Control Azadirachta indica 10 6.7±0.08 19.4±1.96 0.3±0.02 0.20 50 0.43 4.25 19509.20 

Nursery Control Balanites aegyptica 10 6.4±0.15 31.3±2.13 0.3±0.01 0.20 50 0.60 5.98 27434.25 

Nursery Control Casuarina equisetifolia 8 6.4±0.13 88.9±9.08 5.9±0.34 0.20 40 722.72 5781.75 12997378.58 

Nursery Control Cordia sinensis 10 6.5±0.14 59.9±4.47 0.5±0.02 0.20 50 4.04 40.38 252918.27 

Nursery Control Dobera glabra 10 6.2±0.10 27.8±2.09 0.7±0.065 0.20 50 3.63 36.34 166713.84 

Nursery Control Grevillea robusta 10 6.7±0.13 7.3±0.73 0.2±0.03 0.20 50 0.09 0.87 3987.56 

Nursery Control Grewia tenax 10 6.3±0.09 17.2±1.62 0.2±0.01 0.20 50 0.23 2.33 10673.35 

Nursery Control Melia volkensii 8 6.8±0.07 31.9±2.93 1±0.04 0.20 40 6.86 54.91 251940.16 

Nursery Control Parkinsonia aculeata 10 6.4±0.11 91.2±10.48 0.6±0.07 0.20 50 8.12 81.22 372618.27 

Nursery Control Salvadora persica 10 6.4±0.07 21.9±2.14 0.4±0.05 0.20 50 0.67 6.68 30666.45 

Nursery Control Senna siamea 10 6.4±0.09 73.2±9.60 0.5±0.05 0.20 50 4.57 45.69 209625.02 

Nursery Control Zizyphus mauritania 10 6.3±0.10 33.5±2.41 0.4±0.04 0.20 50 1.14 11.39 52235.65 

Ekalees Field Aloe turkanensis 2 5.2±0.80 40.3±3.75 4.2±0.30 0.12 17 167.21 334.41 1534294.69 

Ekalees Field Azadirachta indica 10 6.3±0.13 375.3±26.6 3.5±0.45 0.12 83 1060.45 10604.51 48653482.85 

Ekalees Field Balanites aegyptica 3 6.4±0.12 334±8.41 7.3±0.24 0.12 25 4153.44 12460.32 57167942.21 

Nadapal Field Casuarina equisetifolia 19 6.1±0.05 265.3±23.59 3.8±0.37 4.00 5 883.89 16793.93 37752756.71 

Ekalees Field Cordia sinensis 38 6.3±0.06 413.23±12.77 4.1±0.16 0.12 317 1610.79 61210.02 280831590.65 

Ekalees Field Dobera glabra 3 6.6±0.12 98.7±14.84 3.2±0.19 0.12 25 237.94 713.81 3274960.02 

Nadapal Field Grevillea robusta 28 6.4±0.06 121.7±6.16 2.6±0.17 4.00 7 199.34 5581.46 25607747.91 

Ekalees Field Grewia tenax 4 6.5±0.26 227.1±38.86 0.7±0.17 0.12 33 25.46 101.84 467241.94 

Nadapal Field Melia volkensii 37 6.1±0.07 227.5±16.99 4.1±0.30 4.00 9 893.68 33066.20 151707734.08 

Ekalees Field Parkinsonia aculeata 2 6.6±0.20 389.3±42.25 6.9±0.35 0.12 17 4301.31 8602.62 39468814.37 

Ekalees Field Salvadora persica 4 6.2±0.22 252±11.63 2.1±0.27 0.12 33 271.15 1084.59 4976077.09 

Nadapal Field Senna siamea 21 6.4±0.06 333.7±13.01 2.3±0.15 4.00 5 403.81 8480.03 38906399.55 

Ekalees Field Zizyphus mauritania 2 6.3±0.30 217±91.00 2.3±0.63 0.12 17 276.25 552.49 2534836.57 

Nadapal Field Zizyphus mauritania 1 6.4±0.00 600±0.00 9.53±0.00 4.00 0 12832.99 12832.99 58877772.66 

Nursery Control Total spp 126 6.4±0.03a 40.0±2.74a 1.0±0.13a 0.2 48 61 502 22396156.72 

Ekalees Field Total spp 68 6.3±0.05b 352.4±14.90b 3.8±0.19b 0.12 63 1345 10629 473943747.2 

Nadapal Field Total spp 106 6.2±0.04b 230.9±11.18c 3.3±.16b 4 5 3043 15351 684467024 

 
 
The mean Root Collar Diameter (RCD)/(Diameter 

at Breast Height (DBH) for Ekalees was not 
significantly different (p>0.05) when Ekalees was 

compared with Nadapal (Table 1). The species with 
the largest DBH was Zizyphus mauritania with DBH 
of 9.53 cm. 

In the present study, the growth curves show that 
Balanites aegyptiaca and Z. mauritania have the 
fastest   growth   as   per   the   Height  vs  RCD /DBH 
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Figure 1: Map Showing Locations of Nadapal (3.08188 N 35.53378 E), Ekalees 
(3.08465N 35.63903E) and Nursery site (3.112550oN, 35.599170oE). 

 
 

 
 

Figure 2: Height and RCD/DBH curves for each trees speciesat the Nursery, 
Nadapal and Ekalees sites in the study inTurkana County, Kenya. 

 
 
correlation coefficients (Figure 2). The individual tree 
volume had the largest tree as Z. mauritania (12833m3). In 
terms of average volume per hectare, the largest tree 
species were C. sinensis (61210 m3/ha) with Grewia tenax 
being the smallest (102 m3/ha) (Table 1). 

The results on tree valuation showed that the highest 
valued tree species was C. sinensis with a value of kshs 
280,831,591 and the lowest valued species was G. tenax  

with kshs 467,242 for the field species (Table 1). 
 
 
DISCUSSION 
 
Species diversity increases ecosystem complexity and 
functionality overtime (Aerts and Honnay, 2011). 
Restoration of degraded areas  using  different  tree  species  
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alter the physical and chemical characteristics of the soil 
through decomposition of litter fall, thus providing suitable 
abiotic conditions that allows recolonization of other 
species. The species diversity differences in the two sites 
enables the ecological analysis by comparison of the sites. 
The site with a higher tree species diversity had more liter 
fall and understory vegetation as compared with the site 
with low species diversity. The meta analysis of the results 
conquers with  a study conducted by Aerts and Honnay 
(2011) showed that ecosystem functioning increases with 
species number due to increased processes of 
decomposition of organic matter, nutrient and water 
cycling and carbon fixation. Yirdaw et al. (2017) also 
reported rehabilitation success through active restoration 
approaches such as introduction of different tree species 
and using enclosures to assist in natural regeneration on 
native trees. 

The soil pH in the tree sites were fairly different. The 
Nursery pH is closer to neutral and this is due to the 
nursery soil medium being a mixture of sand, manure and 
forest soil in the ratio of 5:2:3 respectively. The pH changes 
in the field is basically due to the sites having very little 
nutrients with low soil organic matter. This is evidenced by 
the low soil pH for both field sites. 
The field site with higher species diversity (Ekalees) was 
found to have cumulatively higher heights of the tree 
species than the site with lower species diversity (Nadapal) 
despite the DBH for the two sites not being significantly 
different. The higher heights in Ekalees as compared with 
Nadapal resulted from the strong intraspecific competition 
between the tree species. Saha et al. (2014) reported that 
trees planted with close spacing triggers high intraspecific 
competition because the trees compete intensely for light, 
thus allocating more of its resources to height growth 
rather than diameter growth. 

Native species were found to have better adaptation to 
environmental conditions and better individual growth 
forms than non-native species. This was also observed in 
Owino et al. (2018) from one of the field sites where native 
trees had a faster growth rate and showed more resilience 
to harsh climatic conditions as compared with the non-
native tree species. The difference in the volume of trees 
per hectare was brought about by the changes in tree DBH 
in relationship with heights.  

In terms of average volume per hectare, the largest tree 
species was C. sinensis (61210 m3/ha) with G. tenax being 
the smallest (102 m3/ha) (Table 1). The high inter-species 
competition among the Cordia species stimulated their 
growth characteristics thus, a higher total volume of species 
per hectare. Further experiments by Lövenstein et al. 
(1991) showed that trees planted at close spacing tend to 
have less volume per tree as compared with trees planted 
at open spacing but have  larger volume per unit area. 

Valuation of trees is a fundamental component in 
promoting investment in tree management. According to 
McPherson (2007), less investment in tree management 

results in deterioration of tree health and functionality in 
an ecosystem. Valuation of tree species is also influenced by 
the age and size of the tree species, such that the higher the 
volume of the tree, the more value is attached to it. C. 
sinensis which had a higher volume per unit area was highly 
valued as compared with Grewia which had the smallest 
volume per unit area. Similarly, due to its fast growth and 
resilience to harsh climatic condition, C. sinensis showed 
strong characteristics. 

The tree valuation showed that the highest valued tree 
species was C. sinensis with a value of kshs 280,831,591 and 
the lowest valued species was G. tenax with kshs 467,242 
for the field species (Table 1). Valuation of trees is directly 
proportional to the tree volume thus the highest valuation 
of C. sinensis. C. sinensis proved to be a valuable species in 
the dryland because of its fast growth and resilience to the 
climatic condition.  
 
 
CONCLUSION AND RECOMMENDATION 
 
A better understanding of variations in plant performance 
in drylands and valuation can better improve attitudes and 
practices for sustainable rehabilitation of degraded 
landscapes. Valuation of trees provides a better 
understanding of the socio-economic benefits for 
subsistence and commercial uses of tree such as fodder, 
fuel or fruits as well as environmental services in pastoral 
systems. Tree density and diversity influences growth 
pattern of individual tree species. The use of native tree 
species for rehabilitation of degraded sites at closer spacing 
showed better growth characteristics than trees planted at 
wider spacings. Higher species diversity provided a better 
ecological niche for plants competition thus stimulating 
terminal growth and improvement of soil through litter fall.  
Tree species planted at close spacing tend to produce 
significantly lower biomass than trees planted at open 
spacing. Higher planting densities results in lower biomass 
production per tree but higher biomass production per unit 
areas. The performance of tree species at the nursery and 
field conditions showed huge variations simply because of 
the changes in the biophysical factors and management 
practices. Based on the study results, better performance of 
trees at the nursery is a proof of good management 
practices.For better performance of trees at field condition 
spaces, there is need for soil amendments for fertility 
improvement and moisture retention. Higher species 
diversity is also critical in rehabilitation of degraded ASAL 
areas. 
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