
1 

 

OUTLINE 
OUTLINE----------------------------------------------------------------------------------------------------- ---------------------------- 1 
ABSTRACT ---------------------------------------------------------------------------------------------------- ------------------------- 1 
1) INTRODUCTION ---------------------------------------------------------------------------------------------------------------- 1 

2) OBJECTIVE ----------------------------------------------------------------------------------------------------------------------- 2 
3) STUDY AREA -------------------------------------------------------------------------------------------------------------------- 2 
4) METHODS AND RESULTS --------------------------------------------------------------------------------------------------- 2 
4.1) ECOLOGICAL CHARACTERISTICS OF PITS AND REFERENCE ECOSYSTEM PLANT 
COMMUNITIES  ----------------------------------------------------------------------------------------------------------------------- 2 
4.1.1) REFERENCE ECOSYSTEM IDENTIFICATION --------------------------------------------------------------------- 2 
4.1.2) ECOLOGICAL CHARACTERISTICS OF PLANT COMMUNITIES ---------------------------------------------- 3 
4.2) SOIL RESTORATION MEASURES ---------------------------------------------------------------------------------------- 5 
4.2.1) NURSERY ACTIVITIES AND PLANTATION -------------------------------------------------------------------------- 5 
4.2.2) PLANT SPECIES PERFORMANCE ------------------------------------------------------------------------------------- 6 
4.2.3) NODULATION ----------------------------------------------------------------------------------------------------------------- 7 
5) DISCUSSION ----------------------------------------------------------------------------------------------------------------------- 9 
6) CONCLUSION ----------------------------- ---------------------------------------------------------------------------------------- 9 
7) PROJECT ADDED VALUE AND EXTENSIONS -------------------------------------------------------------------------- 9 
8) REFERENCES --------------------------------------------------------------------------------------------------------------------- 9 
 

ABSTRACT 

Quarrying activities lead to some adverse impacts  include degradation of soil fertility,  loss and scarcity of 
agricultural lands. This study aimed to assess the floristic characteristics of the Fongba limestone quarry in 
Benin for implementing strategies to restore the degraded sites. Phytosociological relevés carried out in 100 
square meter plots in the post perturbation vegetation and adjacent fallows considered as reference. The 
reference ecosystem identification was done through GIS processing using a MAVIC PRO drone and ArcGIS 
program. Two native legumes (Albizia zygia (DC.) J.F.Macbr. and Lonchocarpus sericeus (Poir.) Kunth.) 
from the reference plant communities were grown in nurseries, and the plants transplanted on the post 
quarry area, in seven 10.5 m x 7.5 m plots with 6 x 8 plants per plot and 1.5 m between plants. Seven 
treatments (compost; wood shavings; topsoil from surrounding; compost-wood shavings; compost-topsoil; 
wood shavings-topsoil and control (no amendement)) were used. The stems length and root collar diameter 
of 12 plants per plot were measured at one and three months after planting, in order to evaluate the plants 
performance under the different treatments. Two-way Analysis Of Variance helped to evaluate the effect of 
the different treatments. A total of fifteen plants per species were lifted and examinated for their number of 
nodules, their aerial and root biomass. Two samples T-test was performed to compare these last variables. 
The results revealed two plant communities. Post quarry vegetation of Fongba limestone quarry is different 
from the reference. Post quarry plant communities is characterized by the abundance of Therophytes, wide-
spatial occurrence species, ruderal and segetal species. The different treatment used to plant the legumes 

had significant effect on their performance (p  0,05). The both species formed nodules on their roots 
(52,5±29,8 for Albizia zygia and 37,9±19,4 for Lonchocarpus sericeus). The best species performance was 
obtained in the control and the topsoiled plot. This result means that the legumes could be used to enhance 
soil nutrients whithout fertilizers. The methodology and analysis approach used in this project could be 
applied in other limestone quarries for its restoration. As these restoration strategies is cheaper and easier to 
execute, the adoption of such restoration strategies by local populations through awareness-raising is a way 
to involve them in the recovery of degraded soils in Fongba. 

Keywords : Vegetation, Soil degradation, nitrogen-fixing species, limestone quarry restoration 
 
1. INTRODUCTION 

In Benin, the limestone is mainly used for the cement production. Extraction activities can have both negative 
and positive effects on the various environmental components of the quarries areas. Indeed, although 
limestone quarries provide refuges for some endemic species (Clements et al., 2006), extraction activities 
lead to a complete loss of topsoil, compaction of the remaining soil, nutrient depletion and high pH that 
makes natural establishment of vegetation very unlikely (Cohen-Fernández, 2012). Because Benin limestone 
is mined in the agricultural areas, quarrying activities lead also to a loss of agricultural lands. In addition, the 
topsoil, subsoil and overburden are stripped together and used to fill the pits. This quarry closure method 
does not promote native species establishment ; on the contrary, it promotes alien species establishment. 
The latter generally become invasive and disrupt agricultural activities. For example, Leucaena leucocephala 
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is an exotic species whose presence leads to the toxicity of soils by the emission of an herbicidal substance, 
the mimosine contained in particular in young leaves and mature seeds (Xuan et al., 2006). In such a case, it 
is essential to implement strategies to restore the quarry soil in order to return the lands to their original 
function: agriculture activities. The local food security depends on it. Our project analysed the ecological 
characteristics of the Fongba limestone quarry vegetation in the light of its reference, and tested some low-
cost soil reclamation practices on the basis of native plant species planting. The choice of the reference 
required the exploration of the entire quarry area using a MAVIC PRO drone. This paper provides (1) a plant 
species list of the quarry and its reference ; (2) a map of the entire quarry area that is an useful tool for the 
land cover/use monitoring ; and (3) guidelines for quarry restoration using low-cost methods that protect 
natural habitats of species. 

2. OBJECTIVE 

The targets of this project were: (1) to investigate the relationships between pits plant communities and the 
surrounding plant communities (reference ecosystem) and (2) to test measures to enhance the soil quality in 
order to promote the establishment of the native species. 

3. STUDY AREA 

The present study was carried out on Fongba limestone quarry area, in the Lokossa district, Mono 
Department (South-west of Benin Republic). The quarry area is Lying between latitudes 6°39´and 6°41´ 
north of the Equator and longitudes 1°44´ and 1°46´ east of Greenwich Meridian (figure 1). The area is 
characterized by a bimodal rainfall pattern. The climate is subequatorial with four seasons: two dry seasons 
and two rainy seasons. The Average annual rainfall varies between 850 mm and 1160 mm (Médénouvo, 
2012). The Mono Department is characterized by a very degraded swamp forests, gallery forests along 
watercourses, mangroves and coconut plantations on the coastal land, palm groves, and a shrubby thicket 
on the whole. There are three types of soil : ferralitic, hydromorphic and ferruginous  tropical soils. The main 
activities of the local populations are agriculture and fishing (INSAE, 2016).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 : Study area (Aïtondji, 2018) 

4. METHODS AND RESULTS 

4.1. ECOLOGICAL CHARACTERISTICS OF PITS AND REFERENCE ECOSYSTEM PLANT 
COMMUNITIES  

4.1.1. REFERENCE ECOSYSTEM IDENTIFICATION   
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METHODS   

In order to choose the reference ecosystem, we explored the entire quarry area with a MAVIC PRO drone. A 
total of 3417 pictures were taken by the drone. Pictures were processed using the online Pix 4d. The quarry 
area land use and land cover map was carried out using ArcGIS program.  

RESULTS   

The land use and land cover map of the quarry area revealed that the area is heavily anthropized and only 
has fallows as natural vegetation (figure 2). Thus, we considered the fallows as reference. 

4.1.2.  ECOLOGICAL CHARACTERISTICS OF PLANT COMMUNITIES 

METHODS   

In order to highlight differentiation of pits and reference vegetation, phytosociological relevés were carried 
out using the Braun-Blanquet methods (1932). A total of eight 10m x 10m relevés were sampled, four in the 
post quarry vegetation and four in the reference vegetation. All species were identified using the flora of 
Benin (Akoègninou et al., 2006) and names confirmed by the national herbarium. Species were 
characterized as life-form (Raunkiaer, 1934) and chorological subdivisions generally accepted in Africa 
(White, 1986). Data were analysed using Detrended Correspondence Analysis (DCA) in PC-ORD version 5 
and Excel Spreadsheet.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 : Land use/land cover map of Fongba limestone quarry (Aïtondji, 2018) 

RESULTS   

 Ecological characterisrics: The floristic inventories resulted in 111 species. The results revealed two 
plant communities. Plant communities of post quarry vegetation were different from those of reference (figure 
4). Quarries contained 71 species. The reference plant communities contained 69 species whose 2.9% were 
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classified in the Benin Red List of threatened plant species. A total of 29 species are common to the two 
plant communities. Post quarry plant communities were characterized by the abundance of Therophytes, 
wide-spatial occurrence species, ruderal and segetal species, while the reference presented an abundance 
of Phanerophytes, native species, savanna, forest and secondary forest species (figure 4). But, the wide-
spatial occurrence species, ruderal and segetal species were also abundant in the reference. 

 Threatened plant species: No threatened plant species were identified as occurring within the post 
quarry plant communities. However, in the reference, two plant species of the Benin Red List were recorded. 
These are Milicia excelsa (Welw.) C.C.Berg. (picture 1) and Zanthoxylum zanthoxyloides (Lam.) Zepernick & 
Timler. (picture 2). Milicia excelsa is considered Endangered (Neuenschwander et al., 2011). It is a great 
value lumber. Zanthoxylum zanthoxyloides is a Vulnerable medicinal plant species (Akoegninou et al., 2006). 

 Invasive and expansive plant species: A total of 15 plant species were recorded as expansive 
species with one considered as invasive in Benin Republic (Akoegninou et al., 2006) (table I). It is 
Chromolaena odorata (Asteraceae), a heliophilic invasive species from tropical America. The species was 
found in both plant communities: post quarry and reference vegetation. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 : Plant communities in the DCA axes. 

 

 

 

 

 

 

 

 

 

 

Figure 4 : Ecological characteristics of the two communities 
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Picture 1 : Milicia excelsa (Iroko) (Welw.) C.C.Berg                 Picture 2: Zanthoxylum zanthoxyloides  
Taxa : Moraceae ; Category IUCN: EN                                    (Fagara) (Lam.) Zepernick & Timler; 
                                                                                                  Category IUCN: Vu 

Table I : Invasive and expansive plant species of the post quarry and reference vegetation 

Species Taxa Quarry Reference 

Azadirachta indica A.Juss. Meliaceae + + 

Ipomoea fistulosa Mart. ex Choisy Convolvulaceae + - 

Malvastrum coromandelianum (L.) Garcke Malvaceae + - 

Ludwigia decurrens WaIt. Onagraceae + - 

Passiflora foetida L. Passifloraceae + + 

Physalis angulata L. Solanaceae + - 

Senna hirsuta (L.) H.S.Irwin & Barneby Leguminosae-Caesalpinioideae + + 

Senna siamea (Lam.) H.S.Irwin & Barneby Leguminosae-Caesalpinioideae + - 

Acacia auriculiformis A.Cunn. Ex Benth. Leguminosae-Mimosoideae + + 

Centrosema pubescens Benth. Leguminosae-Papilionoideae + + 

Euphorbia hyssopifolia L. Euphorbiaceae + - 

Gomphrena celosioides Mart. Amaranthaceae + + 

*Chromolaena odorata (L.) R.M.King Asteraceae + + 

Tridax procumbens L. Asteraceae + - 

Carica papaya L. Caricaceae - + 

* = Invasive species ; + = Present ; - = Absent. 

 

4.2. SOIL RESTORATION MEASURES 

As legumes have positive effects on agriculture by adding and recycling biologically fixed N2, enhancing 
nutrient uptake, reducing reenhouse gas emissions by reducing N-fertilizer use, and breaking non-legume 
crop pest cycles (Zahran, 1999; Lupwayi and Kennedy, 2007), we chose two native legumes from the 
reference plant communities to restore the post quarry soil. These are Albizia zygia (DC.) J.F.Macbr. and 
Lonchocarpus sericeus (Poir.) Kunth.  

4.2.1. NURSERY ACTIVITIES AND PLANTATION 
The seeds of the two native legumes species (pictures 3 and 4) were harvested in the reference ecosystem 
and grown in nurseries using polyethylene bags at the Laboratory of Applied Ecology (picture 5). Two 
months seedlings were transplanted on the post quarry area using seven treatments : compost; wood 
shavings; topsoil from surrounding; compost-wood shavings; compost-topsoil; wood shavings-topsoil and 
control (no treatment). A total of seven plot with 6 x 8 plants per plot and 1.5 m between plants were 
implemented. The size of each plot is 10.5 m x 7.5 m. We adopted a natural restoration method that uses 
native species and promotes the conservation of the spontaneous vegetation. Indeed, before planting, a 
cutting clean-up was carried out to leave the spontaneous species on the site. In order to attenuate the 
competitive effect between spontaneous and planted species, hoe cleaning was carried out around each 
plant (pictures 6 and 7). 
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                  Picture 3 : Seeds of Albizia zygia          Picture 4 : Seeds of Lonchocarpus sericeus 

    Picture 5 : Nursery seedlings             Picture 6 : Planted seedling               Picture 7 : Planted seedling 
                                                                 (Lonchocarpus sericeus)                         (Albizia zygia) 

4.2.2. PLANT SPECIES PERFORMANCE 

METHODS   

The stems length and root collar diameter of 12 plants per plot were measured at one and three months after 
planting, in order to evaluate the plants performance under the different treatments. Two-way Analysis Of 
Variance helped to evaluate the effect of the different treatments. Dependent variables were the length and 
the root collar diameter of the stems. Independent variable were the type of treatement, the species and the 
time (one month, three months). The analyses were performed using R software. 

RESULTS 

 Effects of the treatments on the stems length 

Treatment effect on the stems length is significant (p = 5.41e-07; 5% level) (table II). Since the interaction 
between treatment and species is also significant (p = 0.000703; 5% level), “treatment” effect cannot be 
generalized for both species Albizia zygia and Lonchocarpus sericeus together. A Tukey multiple 
comparisons test helped to identify which treatments could be best for species growing. 

Table II : Two-way ANOVA results with stems length as dependent variable 

 Degrees of 

freedom 

Sum of squares Mean square F value P value 

Treatment 6 5.06 0.84 7.0 5.41e-07 *** 

Species 1 0.75 0.75 6.2 0.013377 *   

Time 1 96.68 96.68 801.2 < 2e-16 *** 

Treatment :species 6 2.90 0.48 4.0 0.000703 *** 

Residuals 321 38.74 0.12   

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 

 Effects of the treatments on the root collar diameter 
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 Treatment effect on the root collar diameter is significant (p = 1.07e-07; 5% level) (table III). In this case, the 
interaction between treatment and species is not significant at 5% level (p = 0.0629). But, at 10% level, this 
interaction is significant. 

Table III : Two-way ANOVA results with root collar diameter as dependent variable              

 Degrees of 
freedom 

Sum of 
squares 

Mean square F value P value 

Treatment 6 96.2 16.0 7.656 1.07e-07 *** 
Species 1 157.2 157.2   75.013 2.32e-16 *** 
Time 1 1614.6 1614.6 770.688   < 2e-16 *** 
Treatment :species 6 25.4 4.2    2.018 0.0629 .   
Residuals 321 672.5 2.1   

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘. 

  Identification of the best treatments for the plant species growing : Tukey Post hoc test 

Tukey test produced post hoc tests for the main effects and interactions (table IV). Only significant 

interactions are reported in the table IV. 

Table IV: Tukey Post hoc test 

 Compared groups Difference 
in means 

Lower 
confidence 
interval 

Upper 
confidence 
interval 

Adjusted p-
value 

Comparisons 
with 
treatments 
on stem 
length 

compost-wood shavings and compost -0.23   -4.369691e-01 -0.01617461 0.0255189 

wood shavings and compost  -0.3 -5.094926e-01 -0.08869814 0.0006327 

Control and compost-wood shavings 0.32   1.140529e-01   0.53484740 0.0001373 

wood shavings-topsoil and wood 
shavings   

0.21   7.360198e-06   0.42080186 0.0499854 

Control and wood shavings   0.4   1.865764e-01   0.60737093 0.0000010 

Topsoil and wood shavings   0.22   6.050592e-03   0.42684509 0.0391537 

Comparisons 
with 
treatments 
on root collar 
diameter 

compost-wood shavings and compost  -0.92 -1.79248360 -0.03918307 0.0340660 

Control and compost   0.90   0.02418307   1.77748360 0.0395525 

compost-topsoil and compost-wood 
shavings   

1.03  0.14834974   1.90165026 0.0105286 

wood shavings-topsoil and compost-
wood shavings   

1.08   0.20293307   1.95623360 0.0055399 

Control and compost-wood shavings   1.82   0.94001640   2.69331693 0.0000000 

Topsoil and compost-wood shavings   1.32  0.43980807   2.19310860 0.0002320 

Control and wood shavings     1.31   0.42980807   2.18310860 0.0002685 

The table IV shows the significant differences for the different treatments on stem length and root collar 
diameter. The difference in means of the paired treatments compost-wood shavings and compost, wood 
shavings and compost is negative. Therefore, compost is better than compost-wood shavings and wood 
shavings. For the other treatments, difference in means is positive. So, control is better than compost-wood 
shavings, wood shavings and compost. Topsoil and wood shavings-topsoil are better than wood shavings. 
Topsoil is also better than compost-wood shavings. Compost-topsoil and wood shavings-topsoil are better 
than compost-wood shavings.  
In light of these results, we can conclude that the best performance of the species is obtained in the control 
and topsoiled  plot. 
 
4.2.3. NODULATION 

METHODS 

In order to analyse the nodulation capabilities of the both species, a total of fifteen plants per species were 

lifted and examinated for their number of nodules, their aerial and root biomass. Nodules were counted and 

biomasses weighed. Two samples T-test was performed to compare the species on the basis of their 

number of nodules and their aerial and root biomass.  
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RESULTS 

The both species formed nodules on their roots (Figure 5). The average number of Albizia zygia nodules is 

higher than that of Lonchocarpus sericeus. However, the average aerial and root biomass of Lonchocarpus 

sericeus is more important than that of Albizia zygia (table V). But, T-test results revealed that these 

differences are not significant (p > 0.05) (table VI). 

Figure 5 : Nodules of Albizia zygia and Lonchocarpus sericeus 

Table V : Average values of nodules, aerial and root biomass of Albizia zygia and Lonchocarpus sericeus 

 Nodules Aerial biomass Root biomass 

Albizia zygia (DC.) J.F.Macbr. 52,5 ± 29,8 19,5 ± 10,5 
 

17,9 ± 8,9 
 

Lonchocarpus sericeus (Poir.) 
Kunth. 

37,9 ± 19,4 
 

24,7 ± 15,2 
 

23,2 ± 14,4 
 

 

Table VI : Two samples T-test results (Albizia zygia and Lonchocarpus sericeus) 

 T-value Degrees of freedom P-value 

Nodules 1.5882 24.078 0.1253 

Aerial biomass -0.858 26.955 0.3985 

Root biomass -1.2045 23.337 0.2405 

 

5. DISCUSSION 

Fongba limestone quarry area is heavily anthropized and only has fallows as natural vegetation. But, it 
contains two (2) threatened plant species Benin Red List. Post quarry vegetation is different from the 
reference. Post quarry plant community was characterized by the abundance of Therophytes, wide-spatial 
occurrence species, ruderal and segetal species. As pits are disturbed areas, they are suitable for 
spontaneous species. Toko and Sinsin (2008) noted that abundance of wide-spatial occurrence species 
reflects soil degradation and loss of fertility. This result reflects an environmental disturbance. Similarly, an 
abundance of Therophytes in this plant community reflects the strong pressures of excavations on the sites 
because Therophytes generally characterises disturbed habitats (Shackleton, 2000; Bzdon, 2009). So, it is 
essential to implement strategies to restore the quarried soil. Planting of native nitrogen-fixing species using 
local organic residues leads to convincing and promising results. The both legumes formed several nodules 
on their roots. The average number of Albizia zygia nodules is higher than that of Lonchocarpus sericeus. 
The highest number of Albizia zygia nodules (124) found in this study is olso higher than that found (highest 
nodules number = 96) by  Workalemahu (2009) on faba bean roots in Ethiopia. However, the aerial and root 
biomass of Lonchocarpus sericeus is more important than that of Albizia zygia. Lonchocarpus sericeus 
seems to be growing faster than Albizia zygia. In addition, the different organic residues had significant effect 
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on the stems length and the root collar diameter of the plants. On the other hand, the best performances of 
the species were obtained in the control and topsoiled plot. This result indicates that Albizia zygia and 
Lonchocarpus sericeus could show best performances on limestone quarried soil without fertilizers.  

6. CONCLUSION  

Post quarry vegetation of Fongba limestone quarry is different from the reference. This post perturbation 
vegetation is characterized by the abundance of Therophytes, wide-spatial occurrence species, ruderal and 
segetal species that reflect an environmental disturbance. Mitigating strategies used in this study gave 
convincing and promising results. The different organic residues had significant effect on the species 
performance. The best species performance was obtained in the control (no amendement) and the topsoiled 
plot. These restoration strategies is cheaper and easier to execute. 

7. PROJECT ADDED VALUE AND EXTENSIONS  
We used a scientific applied approach to achieve this project. The methodology and analysis approach used 
in this project could be applied in other limestone quarries for its restoration. The methodology could be 
easily adapted to the other type of quarry. The outputs include (1) a detailed technical report, (1) a flora data 
of the Fongba limestone quarry. We also project to produce an illustrated flora of the quarry area. We have 
currently two ongoing posters that will be presented in the next scientific meeting of our university, and in 
other scientific conference. These posters focus on (a) agro-morphological analysis of two legumes in the 
context of disturbed soil restoration, and (b) ecological analysis of a deeply disturbed area vegetation : the 
case of Fongba limestione quarry. 
Our restoring approach reduces costs and promotes a better return of species in the area because we used 
local legumes and let the other species grow together with them. These species will certainly contribute to 
the soil restoration. It has been reported that both species are used as fuel wood in Fongba. Lonchocarpus 
sericeus is a yellow wood used as a furniture wood (Akoegninou et al., 2006). So, CALCIM company could 
return planting lands to the owners for timber exploitation. After this exploitation, the lands could be used for 
agriculture. 
A long-term monitoring of this experiment could help to carry out modelling that will specify the duration of 
the quarried soil reconstitution. This includes regular data collection and soil analysis. In the light of this 
experiment, monitoring data of this project would be around 5,000 €/year, at least, three years of duration.  
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