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Degraded lands with crusted, compacted and erosion prone soil are areas where ecosystems have 
crossed several thresholds of degradation. In such lands, vegetation is unlikely to develop unless 
artificially assisted. In this study, we use anti-erosive rehabilitation techniques coupled with biological 
treatment in order to investigate their effects on restoring the crusted soil and facilitating vegetation 
establishment. Four sites were used to monitor the effects depending on the age of the treatments: i) 
untreated site or control, ii) 3 years of restoration, iii) 5 years of restoration and iv) 7 years of restoration. 
Floristic and sites characteristics data were collected in plots of 1,000 m² in each site. The results indicate 
a total of 116 plant species that have been recorded on all sites. Plant canopy and litter covers increased 
while rocks and bare soil cover decreased significantly (P <0.001) with age of treatment. Cover of bare 
soil is on average 47 ± 12% against 5 ± 1% on the site of 7 years of restoration. The vegetation cover 
averages 45 ± 12% and 88 ± 19%. Species richness (R), Shannon index (H ') and Pielou evenness (E) vary 
according to the age and type of succession. The highest values of R, H' and E were recorded at the 5 
years site followed by 3 and 7 years sites with the lowest values in the untreated site. 
 
Key words: Ecological Succession, restoration ecology, half-moons, planting, seeding, vegetation development, 
Niger 

 
 
INTRODUCTION 
 
In recent past, the vegetation in Niger has experienced 
profound disturbances due to droughts of the 60s, 70s 
and 80s coupled with high population pressure (Ozer et 
al., 2010). The population pressure was mainly an 
increased demand for farmland and wood energy at the 
expense of forest and grazing reserves (Banoin and 
Guengant 1998; Sumana, 2011). This has made eco-
systems more vulnerable to degradation (Bielders et al., 
2004). The immediate consequences are the reduction of 
vegetation cover, the loss of tree density and diversity, 
the decline in soil fertility,  the  accelerated  erosion  and  
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disruption of water flow by increasing trickling (Gonzalez, 
2001; Taylor et al., 2002; Leblanc et al., 2007). The 
ultimate stage was the appearance and expansion of 
large denuded, crusted, waterproof and virtually sterile 
soils (Kagambega, 2013). On these vast crusted  areas, 
vegetation is almost absent and soil compaction makes 
water infiltration difficult. This gives room to strong wind 
and water erosion (Casenave and Day, 1990). Under 
these conditions where several degradation thresholds 
have been reached, natural succession does not allow 
the development of vegetation without human inter-
vention (Aronson et al., 199; Gairola and Soni, 2011). 
Succession means, the natural process of evolution and 
development of vegetation (Clements, 1916, McIntosh, 
1985).   Usually,   succession   is   slow   on   precarious  
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Figure 1. State of the sites. untreated (A), 3 years of restoration (B), 5 years of restoration (C), 
7 years of restoration (D), State of the site before restoration activities (E). 

 
 
 
substrates which are poorly developed and degraded or 
low in nutrients. In this regard, treatments of degraded 
lands intend to accelerate vegetation recovery (Palmer et 
al., 2007 Walker et al., 2007; Prach et al., 2007; Prach 
and Hobbs, 2008). The choice of interventions depends 
on a number of factors including the nature of the 
landscape and the level of ecosystem degradation 
(Whisenant, 2002). Succession models developed in 
ecology identify thresholds and evaluate constraints to 
the ecosystems natural development. This is why they 
are used to guide in choosing the type of interventions. 

In Niger, restoration actions began 50 years ago, but 
have intensified with the "Maradi commitment” in 1984, 
when the government decided to take action to combat 
land degradation and desertification. The most commonly 
used technique in restoring degraded lands is the 
plantation of local trees and herbaceous species 
(biological treatments) inanti-erosive structures (physical 
treatments) such as half-moons, trenches, stone bunds 
and the like. These structures are most often being 
reinforced by planting trees and herbaceous species 
(Sumana, 2008; Duma et al., 2011). The present study 
aims to contribute in understanding changes in crusted 
lands which have been treated by physical structures like 

half-moons and biologically treated with trees and 
herbaceous species. 
 
 
MATERIALS AND METHODS 
 
Study area 
 
The study was conducted in the village of Oumaraoua, 
Maradi region in four sites with similar ecological 
characteristics: untreated site characterized by a natural 
succession and three treated sites for three, five and 
seven years respectively (Figure 1). The study site 
belongs to the central South-Sahelian phytogeographical 
compartment zone (Saadou, 1990) and is characterized 
by a dry tropical climate with average annual rainfall 
ranging from 400 to 600 mm and temperatures ranging 
respectively from 19 to 33°C between 1921 to 2007 
(Source: National Directorate of Meteorology of Niger). 
The soil is formed by sediments of Continental hamadien 
plateaus and sands of fixed dunes, sandy terraces and 
bottoms of dry valleys (Mahamane et al., 2009). The 
vegetation consists of Combretum thicket on lateritic 
plateaus, savannas on the southern steppes and sandy  
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terraces on the dunes and in the dry valleys. On lateritic 
plateaus, the vegetation is dominated by Sclerocarya 
birrea, Anogeissus leiocarpus, Combretum micranthum, 
Cassia singuiena, Boscia salicifolia, Boscia senegalensis 
and in sandy terraces, dunes and dry valleys, it is 
predominantly Prosopis africana, Lannea microcarpa , 
Adansoniadigitata, Bauhinia rufescens, Ziziphus spina-
christi, Piliostigma reticulatum Hyphaene thebaica, 
Annona senegalensis, Faidherbia albida, Catunaregam 
nilotica, Albizia chevalieri. 

Before the treatment activities, natural vegetation has 
disappeared from the sites with a bare substrate 
characterized by erosion crusts, gravelly and structural 
algae (Figure 1), making it difficult to water infiltration and 
allowing removal of nutrients and seeds through runoff 
and wind (Casenave and Day, 1989). 
 
 

Sites treatment 
 

Four sites were used: site 1: untreated or control; Site 2: 
treated 3 years back; site 3: treated 5 years back and site 
4: treated 7 years back. The treatments were made by 
digging half-moon structures perpendicular to the slope 
and direction of runoff water. The dimensions of a half-
moon are length 2 m, width 0.5 m and 0.25 m deep. The 
half-moons are separated by 1 m in the longitudinal 
direction. In each half-moon, one seedling of a given tree 
species was planted during the rainy season. The 
species used are: Bauhinia rufescens, Acacia senegal, A. 
seyal, A. laeta, Ziziphus mauritiana. The seedlings of 
these species were raised in a nursery. In addition to tree 
species, seeds of annual grasses (Pennisetum 
pedicellatum, Schyzachyrium exile, Zornia glochidiata, 
Andropogon gayanus) were broadcasted. 
 
 
Data collection 
 

Vegetation and sites characteristics (percentages of litter, 
bare soil, rocks and vegetation cover, maximum height of 
the herbaceous layer and the state of soil surface 
according to (Casenave and Valentine, 1989) were 
investigated in randomly selected plots of 1000 m² (50 m 
× 20 m). In each plot of 1000 m², plants have been 
identified according to Braun-Blanquet (1932) approach 
with six vegetation cover classes as follows: 1(+)= 0.5; 2 
= 3; 3 = 15; 4 = 37.5; 5 = 62.5; 6 = 87.5. These classes 
were used to evaluate the percentage vegetation cover of 
other parameters from the four sites except the maximum 
height of the herbaceous layer, which was estimated 
visually. The data were collected in November 2013. 
Nomenclature adopted for plants is that of Lebrun and 
Stork (1997). 
 
 

Data analysis 
 

The difference in species composition between the four  

 
 
 
 
sites and the heterogeneity of each site has been tested 
according to the Multi-Response Permutation Procedures 
test (MRPP, McCune and Grace, 2002). To identify the 
most frequent and abundant species at each site, the 
matrix 30 and 116 species identified in abundance 
dominance was subjected to Indicator Species Analysis 
(ISA, McCune and Grace, 2002). ISA has the advantage 
of combining both the relative frequency (RF) and relative 
abundance (RA) for calculating the indicator value (IV) of 
each species and the significance of which is tested by 
the Monte Carlo test. All species with a probability (P) 
less than 0.05 were accepted as more frequent and 
abundant species. PC-ORD 5 (McCune and Grace, 
2002) was used for testing and MRPP and ISA. Then for 
each site, it was evaluated the α diversity through floristic 
richness (R), and the calculations of Shannon-Weaver 
H'index (1949), and Eveness (E) of Pielou (1966). 
 

H ' = -  

 
With pi between 0 and 1 is the relative proportion of the 

average cover of species i; pi = ni / , with ni = 

average cover of species i and  = total cover of all 

species. 
 

 
 
With Hmax is the maximum theoretical index. 
 
The analysis of spatio-temporal variations of vegetation 
and environmental characteristics was carried out by 
using a factorial correspondence analysis (FCA, Hill and 
Gauch, 1980) and Canonical Correspondence Analysis 
(CCA) (Ter Braak, 1986). CANOCOFOR WINDOWS 4.5 
(Ter Braak and Smilauer, 1998) was used for FCA and 
ACC. The average covers for vegetation, bare soil, litter 
and rocks in the 4 sites were compared using an analysis 
of variance (ANOVA) with MINITAB 14 (Dytham, 2011). 
 
 
RESULTS 
 
Ordination records 
 
The matrix of 30 surveys and 116 species subjected to a 
DCA (Figure 2) shows a factorial map contrast with 
records of treated sites, to those of untreated site and, 
records of sites with age of treatments. Most of the 
species were concentrated in the area occupied by 
records from treated sites. The first contrast reflects a 
gradient of ecological succession between treated sites 
and untreated. The second contrast reflects a temporal 
change of floristic composition with the age of treatments. 

The Canonical Correspondence Analysis (CCA), 
overlays the matrix statements of environmental variables 
(Figure 3).   CCA  reveals  a  strong  positive  correlation  
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Figure 2. DCA results:     Records from untreated,   Records for 3 years site,     Records for 5 years site,       Records for 7 years 
site.    
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Figure 3. CCA result :  Herb ht = herbaceous height, TT cover = % of total plant cover, GRC = % of Gravel 

crust, ERO = % of erosive crust, Age = restoration age, Litter= % of litter cover, B soil = % of barren soil. 
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Table 1. Correlation coefficients between environmental variables and the first four 
canonical axes. 

 

Variables Axis 1 Axis 2 Axis 3 Axis 4 

Plants cover -0.51 -0.48 0.44 -0.30 

Herbaceous height -0.56 -0.15 0.45 0.14 

Barren soil 0.49 0.52 -0.49 0.17 

Litter -0.31 -0.15 0.45 -0.30 

Age  -0.87 -0.00 0.35 0.06 

ERC 0.87 -0.09 -0.36 -0.06 

GRC 0.92 0.07 -0.12 -0.00 

 
 
 

 
 
Figure 4. Average Cover (%) (average ± Standard Variation) of sites characteristics. 

 
 
 
between axis 1 and the proportion of bare soil, erosive 
crust and gravel crust, a strong negative correlation 
between axis 1 and restoration age, the height of the 
herbaceous layer and the rate of vegetation cover (Table 
1). This axis is interpreted as a temporal gradient of re-
vegetation and the average height of the herbaceous 
layer; and reducing bare soil, erosive crust and gravel 
crust. Canopy and litter cover increases while thatof 
rocks and bare soil decreased significantly (P <0.001) 
after the age of treated areas (Figure 4). Cover of bare 
soil is on average 47 ± 12% against 5 ± 1% on the site of 
7 years of restoration. The vegetation cover averages 45 
± 12% and 88 ± 19%. 
 
 
Changing floristic composition, species richness, 
Shannon index, evenness of Pielou 
 
A total of 116 plant species have been recorded on all 
sites. MRPP test summarized in Table 2 shows in one 
hand,   a   difference  in  species  composition  between  

treated and untreated sites and in another hand at 
treated sites, a temporal variation in floristic composition 
(A = 0.13, p<0.001). The small difference between the 
excepted and observed delta values (Table 2) confirms 
the strong variation in species composition between 
treatments. The lower value of A reveals significant 
variations in species composition between 1000 m

2 
plots 

of same site, reflecting the heterogeneity of the sites. The 
ISA test reveals that the number and types of frequent 
and abundant species depend on the age and type of 
inheritance (Table 3). The most frequent and abundant 
species on the untreated site are: Dactyloctenium 
aegyptium (L.) Willd, Boscia senegalensis (Pers.) Lam.. 
Ex Poir, Aristida adscensionis L, Cassia obtusifolia L, 
Panicum laetum Kunth., Cassia occidentalis L, Brachiaria 
xantholeuca (Schinz.) Stapf. Panicum subalbidum Kunth. 
Eragrostis tremula (L.) Roem. & Schult. Heliotropium 
bacciferum Linn.. Those of 3 years restoration site are: 
Citrullus lanatus (Thunb.) Matsumara and Naka, Rogeria 
adenophylla J. Gay, Tephrosia bracteolata Guil.. and 
Perr., Citrullus colocynthis (L.) Schrad. Indigofera colutea  



                                                                                    Soumana et al          565 
 
 

Table 2. Summary of the multi-response permutation procedure (MRPP) statistics of the 
four restored sites.  

 

Sites  Average distances  MRPP test 

Unrestored plots 50 Observed delta = 46 

3 years old restored plots 43 Excepted delta = 53 

5 years old restored plots 46 T = -11 

7years old restored plots 44 A = 0.13 
 

Results are given for multiple pairwise comparisons of the squared Euclidean distance. A =  
change-corrected within site agreement; T= difference between the observed and expected 
deltas. 

 
 
Table 3. Frequent and dominant species per family and site, indicative value (IV) and probability (p). 

 

Species Families Sites IV p 

Dactyloctenium aegyptium (L.) Willd. Poaceae Untreated 49 0.009 

Boscia senegalensis (Pers.) Lam. Ex Poir. Capparaceae Untreated 37 0.04 

Aristida adscensionis L. Poaceae Untreated 37 0.04 

Cassia obtusifolia L. Leguminosae-Caesalpinioideae Untreated 43 0.006 

Panicum laetum Kunth. Poaceae Untreated 43 0.02 

Cassia occidentalis L. Leguminosae-Caesalpinioideae Untreated 41 0.03 

Brachiaria xantholeuca (Schinz.) Stapf. Poaceae Untreated 74 0.000 

Panicum subalbidum Kunth. Poaceae Untreated 37 0.04 

Eragrostis tenella (L.) Roem. & Schult. Poaceae Untreated 41 0.03 

Heliotropium bacciferum Linn. Borraginaceae Untreated 50 0.01 

Citrillus lanatus (Thunb.) Matsumara et Naka Cucurbitaceae 3 years restoration 36 0.04 

Rogeria adenophylla J. Gay. Pedaliaceae 3 years restoration 36 0.04 

Tephrosia bracteolata Guil. Et Perr. Leguminosae-Papilionoideae 3 years restoration 36 0.04 

Citrillus colocynthis (L.) Schrad. Cucurbitaceae 3 years restoration 42 0.01 

Indigofera colutea (Burm.f.) Merril. Phill. Leguminosae-Papilionoideae 3 years restoration 41 0.02 

Zornia glochidiata Reichb. Ex DC. Leguminosae-Papilionoideae 3 years restoration 48 0.000 

Aristida mutabilis Trin. & Rupr.   Poaceae 3 years restoration 40 0.04 

Andropogon gayanus Kunth.  Poaceae 5 years restoration 46 0.009 

Amaranthus graecizans L. Amaranthaceae 5 years restoration 36 0.02 

Stylosanthes erecta P. Beauv. Leguminosae-Papilionoideae 5 years restoration 42 0.02 

Monechma ciliatum (Jacq.) Miln.-Red. Acanthaceae 5 years restoration 56 0.004 

Sesbania leptocarpa DC. Leguminosae-Papilionoideae 5 years restoration 44 0.009 

Cenchrus biflorus Roxb. Poaceae 7 years restoration 37 0.04 

Pennisetum pedicellatum Trin. Poaceae 7 years restoration 44 0.004 

Eragrostis pilosa (L.) P. Beauv. Poaceae 7 years restoration 57 0.004 

Bauhinia rufescens Lam. Leguminosae-Caesalpinioideae 7 years restoration 58 0.000 

Cyperus amabilis Vahl. Cyperaceae 7 years restoration 41 0.03 

Tephrosia purpurea (L.) Pers.  Leguminosae-Papilionoideae 7 years restoration 40 0.01 

Guiera senegalensis J.F. Gmel. Combretaceae 7 years restoration 37 0.04 

Hibiscus asper Hook. f. Malvaceae 7 years restoration 30 0.04 

Merremia pinnata (Choisy.) f. Convolvulaceae 7 years restoration 41 0.04 

 
 
(Burm.f.) Merril. Phill., Zornia glochidiata Reichb. Ex DC., 
Aristida mutabilis Trin. & Rupr.; those of 5 years 
restoration site are:Andropogon gayanus Kunth. 

Amaranthus graecizans L., Stylosanthes erecta P. 
Beauv., Monechma ciliatum (Jacq.) Miln.-Red., Sesbania 
leptocarpa DC. and those of 7 years restoration site are:  
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Cenchrus biflorus Roxb, Pennisetum pedicellatum Trin, 
Eragrostis pilosa (L.) P. Beauv, Bauhinia rufescens Lam, 
Cyperus amabilis Vahl, Tephrosia purpurea (L.) Pers, 
Guiera senegalensis JF Gmel., Hibiscus asper Hook. f., 
Merremia pinnata (Choisy.) f. Also, species richness (R), 
Shannon index (H ') and Pielou evenness (E) vary 
according to the age and type of succession. The highest 
values of R, H' and E were recorded at the 5 years site 
with respectively 80, 5.08 and 0.80; followed by 3 years 
site (R = 79; H '= 4.75, E = 0.78) and the 7 years site (R = 
73; H' = 4.71, E = 0.76). The lowest values were recorded 
in the untreated site with R = 67, H '= 4.62 and E = 0.76. 
 
 
DISCUSSION 
 
Effect of treatments on vegetation cover and soil 
restoration 
 
In this study, it appears clearly that the treatments and 
age of treatments impact positively on the vegetation 
reconstitution. This resulted in a difference in floristic 
composition, α diversity (species richness, Shannon 
index, Pielou evenness) and microsites recovery between 
the four sites. In general, the most important values of 
species richness, Shannon index, Pielou evenness, 
vegetation and litter cover are recorded on treated sites, 
and vary according to the age of the treatment. As for the 
high cover values of rocks and barren soil, they are 
recorded on the untreated site. These differences are 
likely due to treatments provided to the three sites and 
their age. On the untreated site, biotic and abiotic 
constraints hindered vegetation development. Physical 
treatments by half-moons coupled with tree planting and 
seed broadcasting seem to overcome these constraints 
by creating favorable soil conditions (Larwanou and 
Saadou, 2011; Larwanou and Saadou, 2012). Half-
moons create some soil roughness acting as a barrier to 
erosion and promoting water infiltration, trapping nutrients 
and propagules and their sedimentation. The plant 
species seem to create a microclimate for the activity of 
soil biota, survival and rapid development of vegetation. 
Both treatments seem to improve soil fertility by pro-
moting nutrients retention, soil biological activity, limiting 
wind and water erosion and promoting infiltration (Douma 
et al., 2011). The beneficial effect of manipulating natural 
succession on ecological restoration has been reported 
by several studies (Whisenant, 1999; Prach et al, 2007; 
Prach and Hobbs, 2008; Raevel et al., 2012). Davy 
(2002) reported that seeding grasses facilitates the return 
of native species. Planting of local species seems to 
favor the development of local communities of species 
(Holl, 2002) and that of exotics seems inhibited the 
recovery of native species (Vallauri et al., 2002), and may 
even invade the site (Williamson and Harrison, 2002). 
Making anti-erosive structures with application of organic 
or mineral fertilizers has remedy  effect  on  soil  structure  

 
 
 
 
(Whisenant, 2002). Indeed, erosion control structures 
such as Zaïs, half-moons, trenches, stone bunds appear 
to be more effective on the compacted soil where wind 
and water erosion are very active. In the other hand, 
organic or inorganic amendments may reduce the deficit 
of nutrients or soil toxicity. The combined use of two or 
more treatments as in the current experiment seems to 
be effective. The choice of one or more treatments must 
take into account a number of factors such as current 
state of the site, existing level of vegetation degradation, 
nature of the landscape and climatic factors. 
 
 
Spatio-temporal change of vegetation and 
environmental characteristics 
 
The result of this study showed the spatio-temporal 
aspects of successions in general and spatial and 
temporal variations of vegetation in particular. There is 
indication of a change in floristic composition of common 
and dominant species, α diversity and other charac-
teristics depending on the type of succession (natural or 
assisted), the age of succession within site. Age, type of 
treatment and local site conditions seem to be the major 
parameters influencing succession. The high values of 
richness, Shannon index and Pielou evenness recorded 
at the youngest Site (site 3 years) compared to the 
untreated (control) shows the beneficial effect of 
treatment on the restoration of degraded lands 
(Elmarsdottir et al., 2003; Sumana, 2013). Physical or 
biotic treatments can facilitate quick plant species 
establishment and accelerate natural succession or 
reverse degradation trend (Prach et al., 2007). The α 
diversity is relatively low at 7 years old site despite the 
high observed biomass and rate of litter cover. The low 
diversity recorded at this site may be linked to the stage 
of vegetation which may hinder the development of other 
species due to competition (del Moral & Wood, 1986). 
According to Connell & Slatyer (1977), establishment and 
development of vegetation are governed by three 
mechanisms including facilitation, tolerance and 
inhibition. The mechanism of facilitation occurs when 
pioneer species enhance the environment to facilitate the 
installation of late species. This mechanism included the 
symbiotic nitrogen fixation, trapping soil, nutrients and 
diaspore. This facilitation role seems to be played by 
planting, seeding and erosion control. The facilitation 
effect of anti-erosion structures on planting and sowing 
as well as the establishment of plant species was 
reported by several studies (Del Moral and Wood, 1993; 
Whisennant 1999; Walke and Del Moral 2003.). In the 
tolerance mechanism, species that have occupied the 
site have little or no effect on the installation of other 
species. The late species can grow and survive without 
the influence of any other species (Farrell, 1991). The 
rapid and massive plant species in the early years of 
restoration may be related to the effect of tolerant  woody  



 
 
 
 
and herbaceous species planted. The mechanism of 
inhibition occurs when early species secure resource or 
space by creating the conditions preventing the 
installation or development of other species. The low 
species diversity in the oldest site may be explained by 
the inhibitory effect of vegetation. At this point where the 
canopy is high (over 80%), competition for water, light 
and nutrients may limit the installation or development of 
certain species. These three mechanisms can operate at 
all stages of development of the vegetation, but the 
impact of one or the other on the establishment of 
species appears to depend on the stage of succession. 
 
 
Conclusion 
 
Studies of restoration approaches under different soil and 
climatic conditions which include adaptability tests of 
plants to environmental stress, plant breeding, plant 
response to biological invasions and monitoring and 
evaluation of restoration activities should facilitate in 
future, the choice of interventions. 

The study showed the beneficial effects of biological 
and physical treatments on the restoration of degraded 
lands. These beneficial effects are reflected in the 
progressive reconstruction of vegetation cover, soil and 
soil organic matter. The various treatments address the 
biotic and abiotic constraints that limit the development of 
both herbaceous and woody species. The biological and 
anti-erosive structures facilitate not only the rehabilitation 
of degraded sites, but allow also the establishment of 
other organisms. 
 
 
REFERENCES 

 
Banoin, M., Guengant, J.P. (1998). Les systèmes 

agraires traditionnels nigériens dans l'impasse face à la 
démographieIn : Floret Christian et Pontanier Roger 
(eds.) Jachère et systèmes agraires. Ateliers Niamey et 
Dakar. IRD, 1-14. 

Bielders, C.L., Rajot, J.L., Michels, K. (2004). L'érosion 
éolienne dans le Sahel Nigérien: influence des 
pratiques culturales actuelles et méthodes de lutte. 
Sécheresse, 15 (1): 19-32. 

Casenave, A., Valentin, C. (1990). Les états de surface 
de la zone sahélienne : influence sur l'infiltration. Paris - 
ORSTOM.  

Clements, F.E. (1916). Plant Succession: An Analysis of 
the Development of Vegetation. Washington, D.C.: 
Carnegie Institution of Washington Publication. 

Davy, A.J. (2002). Establishment and manipulation of 
plant populations and communities in terrestrial 
systems. Pages 223_241 in M. R. Perrow & A. J. Davy. 
Handbook of ecological restoration. Principles of 
restoration, Vol. 1. Cambridge University Press, 
Cambridge, United Kingdom. 

Soumana et al          567 
 
 
 
del Moral, R., Wood, D.M. (1986). Subalpine vegetation 

recovery five years after the Mount St. Helens 
eruptions. Mount St. Helens: Five Years Late r (ed. 
S.A.C. Keller), pp. 215–221. Eastern Washington 
University Press, Cheney. 

del Moral, R., Wood, D. M. (1993). Early primary 
succession on the volcano Mount St. Helens. Journal of 
Vegetation Science 4: 223-234. © IAVS; Opulus Press 
Uppsala. Printed in Sweden. 

Douma, S., Soumana, I., Mahamane, A., Ichaou, A., 
Ambouta, J.M.K., Saadou, M. (2011). Restauration de 
plages nues d’une brousse tachetée au Niger. Afrique 
Science 07(1) : 77 – 92, 
http://www.afriquescience.info/document.php?id=2006. 
ISSN 1813-548X 

Dytham, C. (2011). Choosing and using statistics: a 
biologist's guide. Wiley-Blackwell Malden, MA, USA. 

Elmarsdottir, A., Aradottir, A. L, Trlica, M. J. (2003). 
Microsite availability and establishment of native 
species on degraded and reclaimed sites J. Appl. Ecol. 
40: 815-823. 

Farrell, T.M. (1991). Models and Mechanisms of 
Succession: An example from a Rocky Intertidal 
Community. Ecol. Monographs 61: 95-113. 

Gairola, S.U., Soni, P. (2011). Successional Changes in 
Herb Vegetation Community in an Age Series of 
Restored Mined Land- A Case Study of Uttarakhand 
India, E-Int. Sci. Res. J., 3(1): 117-127. 

Hill, M.O., Gauch, H.G. (1980). Detrended 
Correspondence Analysis, an improved ordination 
technique. Vegetation, 42 : 47-58. 

Kagambéga, F.W. (2013). Restauration des sols 
dégradés par afforestation : réponses à la  

Prach, K., Hobbs, R.J. (2008). Spontaneous Succession 
versus Technical Reclamation in the Restoration of 
Disturbed sites. Restoration Ecol. 16(3): 363–366. 

Prach, K., Marrs, R., Pyšsek, P., Van Diggelen, R. 
(2007). Manipulation of succession. Pp 121-149 in L. R. 
Walker, J. Walker and R. Hobbs, editors. Linking 
ecological restoration and ecological succession. 
Springer, New York, USA. 

Holl, K.D. (2002). Long-term vegetation recovery on 
reclaimed coal surface mines in the eastern USA. J. 
Appl. Ecol. 39: 960–970. 

Larwanou M., Saadou, M. (2012). Impacts des activités 
de restauration des terres sur la végétation au Niger. J. 
Sci. Environ. 1(1): 1-15 

Larwanou, M., Saadou, M. (2011). The role of human 
interventions in tree dynamics and environmental 
rehabilitation in the Sahel zone of Niger, J. Arid 
Environ. 75: 194-200 

Leblanc, M., Favreau, G., Massuel, S., Tweed, S., 
Loireau, M., Cappelaere, B. (2007a). Land clearance 
and hydrology change in the Sahel : SW Niger. Global 
and Planetary Change, 61: 135 – 150. 

Lebrun, J.P., Stock, A.L. (1997). Enumération des 
plantes   à fleurs  d’Afrique   tropicale.   Editions   des   



568          Res. J. Agric. Environ. Manage 
 
 
 

Conser. et Jard. Bot. Génève, 4 volumes. 
Mahamane, A., Saadou, M., Danjimo, M.B, Saley, K., 

Yacoubou, B., Diouf, A., Morou, B, Mamane Maarouhi, 
I., Soumana, I., Tanimoune, A. (2009). Biodiversite 
Vegetale au Niger : Etat des connaissances 
actuelles.Ann. Univ. Lomé (Togo), série Sciences, 
Tome XVIII : 81-93 

McCune, B., Grace, J.B. (2002). Analysis of ecological 
communities. Gleneden Beach, Oregon: MJM Software 
Design, p 300. 

McIntosh, R.P. (1985). The Background of Ecology. 
Cambridge: Cambridge University Press. 

Ozer P., Hountondji Y., Niang A., Karimoune K., Laminou 
Manzo O., Salmon M. (2010). Désertification au sahel : 
historique et perspectives.Bulletin de la Société 
Géographique de Liège, 54 : 69-84. 

Raevel, V., Violle, C., Munoz, F. (2012). Mechanisms of 
ecological succession: insights from plant functional 
strategies. Oikos 121: 1761-1770. 

Saadou, M. (1990). La végétation des milieux drainés 
nigériens à l'est du fleuve Niger. Thèse de doctorat, 
Université Niamey, Niger.. 

Soumana, I. (2008). Evaluation de l’efficacité des 
essences locales utilisées dans la récupération des 
terres dégradées en zone sahéliennes et 
soudaniennes : cas des terroirs de Boukanda et de 
Tamou. Mémoire de DEA, Université de Niamey, Niger. 

Soumana, I. (2011). Groupements végétaux pâturés des 
parcours de la région de Zinder et stratégies 
d’exploitation développées par les éleveurs 
Uda’en.Thèse de Doctorat, université de Niamey, 
Niger.  

Soumana, I. (2013). Comparison of two ecological 
succession monitoring protocols on restored andisol. 
UNU-LRT advance research training final report, 
Agriculture University of Iceland. 

Taylor, C.M., Lambin E.F., Stephenne N., Harding R.J., 
Essery, R.L.H. (2002). The influence of land use 
change on climate in the Sahel. J. Clim. 15(24) : 3615-
3629. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Ter Braak, C.J.F. (1986). Canonical correspondence 

analysis: a new eigenvector technique formultivariate 
direct gradient analysis. Ecology, 67 : 1167-1179.  

Ter Braak, C.J.F., Smilauer P. (1998). CANOCO 
Reference Manual and User's Guide to Canoco for 
Windows. Software for Canonical Community 
Ordination (version 4). Microcomputer Power (Ithaca, 
NY USA), p 352. 

Vallauri, D.R., Aronson, J., Barbero, M. (2002). An 
analysis of forest restoration 120 years after 
reforestation on badlands in the Southwestern Alps. 
Restor. Ecol. 10: 16–26. 

Walker, L.R., Del Moral R. (2003). Primary succession 
and ecosystem rehabilitation. Cambridge University 
Press, New York, USA. 

Walker, L.R., Walker J., Del Moral, R. (2007). Forging a 
new alliance between succession and restoration. 
Pages 1-18 in L. R. Walker, J. Walker and R. Hobbs, 
editors. Linking ecological restoration and ecological 
succession. Springer, New York, USA. 

Whisenant, S.G. (1999). Repairing Damaged Wildlands. 
Cambridge University Press, Cambridge. 

Whisenant, S.G. (2002). Terrestrial systems. In: Perrow, 
M.R., Davy, A.J. (Eds.), Handbook of Ecological 
Restoration, Principles of Restoration, vol. 1. 
Cambridge University Press, Cambridge, pp. 83–105. 

Williamson, J., Harrison, S. (2002). Biotic and abiotic 
limits to the spread of exotic révégétation species. Ecol. 
Appl. 12: 40–51. 

 
 


