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Abstract 

Background:  Stone mining is one of the main livelihood activities in areas close to major cities in Ethiopia. Mining 
tends to make a notable impact on woody plant species and soil properties. Information regarding the effect of stone 
mining on woody plant species diversity and soil properties is limited in Ethiopia. It is also less known how people 
perceive the impact of stone mining on existing natural resource in the watershed after mining. Therefore, this paper 
analyzed the effect of stone mining on woody plant species diversity, selected soil properties and perception of 
nearby community on mining in northern Ethiopia.

Methods:  Vegetation and soil sampling were conducted using 6.32 ha sample plots. Samples were randomly 
selected from mining and adjacent unmined areas. Species abundance, density, basal area, selected soil physical 
and chemical properties were analyzed. The differences in species diversity and soil physical and chemical properties 
between the mined and unmined areas were analyzed using independent t test. Household survey was also con-
ducted to assess the view of the local people regarding the effect of mining on ecology.

Results:  A total of 35 species representing 19 families in the mining site were recorded while 43 species represent-
ing 27 families were recorded in the unmined site. Abundance and density of species were higher in unmined than 
in mining areas. The most abundant species in the mining and unmined sites were Euclea racemosa subsp. schimperi, 
Senna singueana, Maytenus arbutifolia, Calpurnia aurea and Buddleja polystachya. Woody species diversity at mining 
(1.97) was significantly different from that unmined (2.49) site (p = 0.0005). Bulk density significantly varied between 
the mined (1.9 g cm−3) and unmined (1.38 g cm−3) sites (p < 0.0005). Furthermore, significantly higher TN and AvP 
was recorded at unmined areas as compared to the mining areas (p < 0.05). Discussion with communities is manda-
tory before deciding a site for mining. Respondents argued that mining negatively affects the vegetation and other 
resources that brought devastating effect on the downstream farms. The communities’ were recommended for 
immediate rehabilitation of abandoned lands to restore it and reduce the negative impact of mining.

Conclusions:  Stone mining causes an adverse impact on plant species and soil physico-chemical properties. Discus-
sion with communities at the planning stage, immediate restoration activities and monitoring are crucial to reduce 
the negative impacts of stone mining for further sustainable natural resources development and management.
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Background
Stone quarrying is an essential industrial sector where 
stone is mined and produced. Stone mining is the main 
source of livelihood for many people and play a crucial 
role in the economic development of many countries. 
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However, quarrying tends to make a notable impact on 
the environment (Gabarrón et  al. 2019; Ozcan et  al. 
2012). The severity of mining is variable depending on 
size of quarrying area, location and the geological condi-
tion of the area.

The extent of the geomorphic impact is a function of 
the size, number, and the location of the quarry, espe-
cially with respect to the overall landscape and the local 
landforms (Langer 2001). The influence of quarry size 
on environmental impact is obvious: all other things 
being equal, the larger the quarry, the larger the geomor-
phic impact (Sauro 1993). The terrestrial environment 
is the primary victim of quarry activities, which can be 
gauged from the denudation of vegetation covers in all 
the quarry belts (Lameed and Ayodele 2010). Vegetation 
and soil can be affected at site clearing stage and during 
off road movement of the trucks. The operation of land 
clearing led to loss of vegetation cover, soil removal, 
susceptible geomorphology for erosion, land stability 
problem where the rock fall on the slope foot and land 
degradation (Gabarrón et  al. 2019; Martínez-Ruiz et  al. 
2007; Okafor 1988; Sinha et al. 2000). The exploitation of 
stones, especially through mining activities, are causing 
huge vegetation losses as a result of large-scale operation, 
and the abandonment of quarry sites after the stone have 
become depleted. On the other hand, studies showed that 
quarry sites can improve biodiversity with careful plan-
ning and management. Quarries can also provide a good 
opportunity to create new habitats or to restore existing 
ones (Tanko 2007).

In Tigray region, northern Ethiopia stone mining is one 
of the main sources of livelihoods for many people. Dur-
ing the last decades, there has been phenomenal increase 
in the mining of foundation and dimension stones, caus-
ing large-scale destruction and deterioration to the local 
habitat of the areas. In Tigray region, deforestation, con-
versions of land into bare land due to various types of 
mining activities are frequently noticed. The case is not 
different in Laelay maychew district, northern Ethiopia 
where large-scale stone mining is undertaking. Stone 
mine area in Laelay maychew is mostly in forested area. 
Harnessing of such resources from these areas starts 
with clearing of forest and this in turn brings changes 
in microclimate of the area (Mahato and Pal 2018; Ziaul 
and Pal 2016). Therefore, it is important to evaluate the 
effect of stone mining on vegetation and soil proper-
ties for effective and sustainable management of the 
environment.

Although there have been studies related to environ-
mental and socioeconomic impacts of stone mining 
across the world (Ako et  al. 2014; Darwish et  al. 2011; 
Ming’ate and Mohamed 2016), studies on the effect of 
stone mining on woody species diversity and soil physical 

and chemical properties are scanty. There is also a lack 
of information on how the communities perceive the 
change in natural resource situation post mining. There-
fore, this study assessed the effect of stone mining on 
woody species diversity, soil physical and chemical prop-
erties and the perception of the nearby communities 
around the mining sites in northern Ethiopia. The results 
of this study can provide crucial information to policy 
makers and stakeholders to develop conservation and 
management strategies.

Materials and methods
Description of the study area
The study was conducted in Laelay Maychew district, 
central zone of Tigray, Ethiopia (Fig.  1). Geographically, 
the district is situated at 14° 07′ 00′′–14° 09′ 20′′ N lati-
tude and 38° 38′ 00′′ and 38° 49′ 09′′ E longitude. The site 
has dry midland and highland agro-climate zone. The 
total area of the district is 556 km2. The district is char-
acterized by undulating topography on both the northern 
and east west border of the district, but undulating hills 
and in pacing mountains altering with plains character-
ize the central area. The altitude of the study site ranges 
from 1650 to 2480  m above sea level. The annual rain-
fall of the district ranges from 650 to 700 mm. The rainy 
season usually occurs between June and August, and the 
growing season varying between 60 and 90  days. The 
months from April to Jun are the hottest months in the 
district with average minimum and maximum tempera-
ture 12.4  °C to 29.6  °C, respectively. The coldest month 
is December where the average minimum and maximum 
temperature are 8.63 °C and 26.8 °C.

The study area is dominated by vertisols and cambi-
sols soil types (Hagos 2010). The dominant woody plant 
species in the area included Vachellia lehi, Faideherbia 
albida, Vachellia abyssinica, Vachellia etbaica, Euclea 
racemose subsp. schimperi and Dodonaea viscosa. Major 
land uses in the study area included cultivated land, forest 
lands, exclosures and communal grazing lands (WOARD 
2011). Exclosures are areas closed from the interference 
of humans and domestic animals with the goal of pro-
moting plant regeneration of formerly degraded com-
munal grazing lands, often located along steep previous 
grazing lands (Aerts et al. 2009). The total area under for-
est in the district is 1783  ha, which is 3.3% of the total 
area of the district (WOARD 2011).

The livelihood of the households in the study area 
depends on a mixed crop livestock farming system. The 
major animal populations were sheep, poultry, cattle, 
donkey, and camel. Apiculture is a common practice in 
the study area.

Stone deposition for construction material is found 
in 15 Kebele of the district. Stones used for foundation 
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construction were mined from Wolel, Aditsafiee, Dura, 
Debrebrhan, Seglamen, Modego, Lesaluso, Miha, 
Hatsebo while stones used for building of houses 
above foundation were mined in Dereka, Natikablae, 

Mahibereselam, Mayweyni, Edagaarbi and Awllo 
(Table  1). Stone mining have been undertaken for the 
last 15  years and it was done by both man power and 
machinery.

Fig. 1  Location map of study area: Tigray region in northern Ethiopia (a); and Laelay Maychew district in Tigray region (b)

Table 1  Eestimated areas covered with stones in Laelay Maychew district. Source: (WOWRED, 2010)

No Village Area of the village (km2) Estimated area covered with stones 
(km2)

Total area (%)

1 Mahibereselam 62.2 22.5 36

2 Awlo 42.6 9.0 21

3 Aditshafie 40.7 11.2 27

4 Edaga–arbi 45.3 8.7 19

5 Mayweynee 27.1 4.2 15

6 Dereka 49.6 4.5 9

7 Natka bile 13.6 2.3 17

8 Modego 40.1 4.5 11

9 Dura 25.6 8.5 33

10 Debrebrhan 13.11 0.9 7

11 Seglamen 11.2 1.4 12

12 Wollel 55.9 18.4 33

13 Hatsebo 43.2 3.2 7

14 Lesalso 39.7 14.5 36

15 Miha 27.6 11.4 41

Total 538.3 125.3 23
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Design of the study
Random sampling was used to select two Kebeles 
namely Mahibereselam and Dura from the 15 villages 
known for stone mining. From each selected village, 
May-gundi and Dura-gobodura watershed were pur-
posely selected. Three parallel line transects with 1 km 
distance were laid in each watershed following altitu-
dinal gradient. Along the transect lines, sample plots 
measuring 20  m × 20  m (400  m2) were laid down at 
50 m interval from each other. A total of 138 plots were 
laid of which 69 were in quarry and 69 in non-quarry 
areas.

Plant inventory
Trees, shrubs and regenerated seedlings were ident-
fied and recorded from each plot. A botanist supported 
by the local people was engaged to confirm scientific 
names and local names of the plant species. Diameters 
of trees and shrubs were measured at 1.3 m and 0.3 m 
height respectively using diameter tape and caliper. 
For trees forking below 1.3  m but above 0.3  m, diam-
eter at stump height (DSH) was measured at 0.3  m 
and diameter at breast height (DBH) at 1.3  m. For 
trees forking below 0.3 m, DSH was measured at 0.3 m 
and their DBH at 1.3  m. For regenerated seedlings 
(height < 0.5 m), only their number was recorded.

Soil sampling
Soil samples were collected from the four corners and 
center of each sample plot at a depth of 20  cm using 
auger. A composite sample from each plot was taken 
to analyze the different soil physicochemical proper-
ties. For bulk density analysis core sampler was used to 
collect soil samples. In total 138 (72 May-gundi and 66 
Dura-gobodura) soil samples were collected. All sam-
ples were placed in paper bags with appropriate labels.

Household survey
The respondents were sampled randomly in the study 
area. From a total of 365 households, 120 were sam-
pled from both watersheds. Out of the total sampled 
respondents, 50% of the households were quarry ben-
eficiaries (QB) and the rest 50% were quarry non-
beneficiaries (QNB). Of the total respondents, 18.3% 
were female-headed households. Regarding age of the 
respondents; the total number of respondents with 
age less than forty-five was 17 and 19 for QB and QNB 
respectively, likewise 27 respondents in each respond-
ing quarry status were between age category forty-five 
and fifty-five. Concerning level of education of the 
respondents; illiterates were 30% and 21.6% respond-
ents QB and QNB respectively while 26.7% men in 

each of the two groups can read and write while 3.3% 
and 5% of females in QB and QNB can read and write 
respectively.

Data on respondents’ perception was collected using 
questionnaire. The questionnaires were prepared for 
local resident and relevant government organization 
to identify the impact of quarry on the socio-economic 
characteristics and the environment of the inhabitants at 
the selected watershed.

Data analysis
Diversity indices were used to analyze the woody species 
diversity.

Shannon diversity index (H) was calculated using:

where, π is the proportional abundance of the ith species; 
Ln π is the natural logarithm of each π value.

Species richness (D) was estimated using Mehinicks 
index (Magurran 1988) as follow.

where, S is the number of species; N is number of indi-
viduals in the sample.

Sorenson’s measure of similarity (Ss) (Magurran 1988) 
was analyzed using the following formula.

where, a is number of species common to both quadrats; 
b is number of species unique to the first quadrat, and c is 
number of species unique to the second quadrat.

Furthermore, basal area (BA) of each woody species 
was calculated using the following formula as in Kent 
(2012):

Importance Value Index (IVI) was computed using the 
following formula.

where, RD is relative density; RF is relative frequency, 
and RM is relative dominance.

Organic carbon (OC) and total nitrogen (TN) were 
determined using Walkley–Black and Kjeldahl method 
(Bremner and Mulvaney 1983) respectively. Available 
phosphorus (AvP) was determined by P-Olsen (Olsen 
et  al. 1982) and potassium (Ex. K) was determined by 

H = −
∑

π(Ln π)

D =
S

√
N

Ss =
2a

(2a+ b+ C)

BA =
πD2

4

IVI = RD+ RF+ RM
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flame photometer methods. pH and electrical conductiv-
ity (EC) were determined using a suspension of 1:5, soils: 
water ratios. Particle size analyses were determined using 
the Hydrometer method (Gee and Bauder 1986). In addi-
tion, bulk density was determined using core method 
(Blake and Hartge 1986), drying at 105 °C for 24 h.

Statistical analysis
Data were checked for normality using Shapiro–Wilk 
normality test. The difference in species diversity and soil 
physical and chemical properties between the quarrying 
and non-quarry areas were analyzed using independent 
t test. SPSS.16 software was used to analyze all the data. 
Socioecnomic data were analyzed descriptively using fre-
quency, percentage and mean.

Results
Woody plant species composition
In total, there were 78 woody plant species and among 
these, 35 plant species representing 19 families were 
recorded in the quarry area. The composition of total 
woody species encountered in the study quadrates 
were 37%, 31.4%, 22.8% and 8.8% trees, shrubs, bushes 
and herbs respectively. In the non-quarry area, 43 spe-
cies were recorded representing 27 families. About 33 
species were recorded in common both in the quarry 
and non-quarry area. The most abundant species in 
the quarry sites were Euclea racemosa subsp. schim-
peri, Senna singueana, Maytenus arbutifolia, Calpur-
nia aurea and Buddleja polystachya. Euclea racemosa 
subsp. schimperi represented about 36.87% of the total 
abundance (Table 2). Similarly, in the non-quarry, Euclea 
racemosa subsp. Schimperi, Maytenus arbutifolia, Senna 
singueana, Buddleja polystachya, Calpurnia aurea and 
Vachellia lehai were the most abundant species. Euclea 
racemosa subsp. schimperi represented about 35% of the 
total abundance.

Woody plant species abundance, basal area 
and importance value index
In the study area 1809 and 3268 individuals of woody 
species were encountered in the quarry and non-quarry 
areas, respectively (Tables  2, 3). The densities of woody 
plants were about 655.5 and 1184 individuals per hectare 
in the quarry and non-quarry area, respectively (Tables 2, 
3). The difference in density of woody species between 
the two sites was significant (p < 0.05). In the quarry area, 
more than half of the density was contributed by Euclea 
racemosa subsp. schimperi and Maytenus arbutifolia spe-
cies. Similarly, in the non-quarry area, more than half 
of the density was contributed by three species namely 
Euclea racemosa subsp. schimperi, Maytenus arbutifolia 
and Buddleja polystachya species. Echinopis hispidus, 

Jasmnum abyssinicum Hochst.exDc, Rhamnus staddo, 
Combretum molle, and Phytolacca dodecandra exhibited 
very low densities in the non-quarry site.

Basal area (BA) of all woody plants with diame-
ter > 2.5 cm was 5.29 m2 per hectare for the quarry and 
13.18  m2 per hectare for the non-quarry and the dif-
ference between the two land managements were sig-
nificantly different (p < 0.05). The highest basal area 
proportion for the woody plants was for Euclea racemosa 
subsp. schimperi in both the quarry and non-quarry site. 
The basal area for quarry was much influenced by the 
dominant species (Euclea racemosa subsp. schimperi) 
that contributed 69.6% of the total basal area. The basal 
area of the dominant three species (Euclea racemosa 
subsp. schimperi, Euphorbia abyssinica and Vachellia 
lahai) accounts 54.02% of the total basal area in the 
non-quarry site. All other species in both land uses had 
BA < 1 m2 ha−1. About 62.8% and 38.1% of the species in 
the quarry and non-quarry sites respectively had basal 
area ≤ 0.01 m2 ha−1. In the quarry area, Euclea racemosa 
subsp. schimperi and Maytenus arbutifolia were found to 
be the most important species to the local people hav-
ing 39.7 and 16.4 importance value index, respectively 
(Table  2). Similarly, Euclea racemosa subsp. schimperi 
and Maytenus arbutifolia were found to be the most 
important species to the local people in the non-quarry 
area having 21.5 and 11.4 importance value index, 
respectively (Table 3).

Figure 2 showed that the basal area for the quarry area 
were concentrated on 2 to 10 cm diameter class and sig-
nificantly decreased with increasing diameter, whereas 
for the non-quarry most of the basal area was concen-
trated around 10 to 18  cm diameter, slightly decreasing 
to the lower class and significantly decreasing with higher 
diameter class.

Woody species diversity, richness, evenness and similarity
The average number of individuals per ha for the quarry 
site was 26.25 while 47.43 was recorded in the non-
quarry areas (Table  4). The average number of species 
was 5.91 and 8.09 for the quarry and non-quarry respec-
tively and significantly different (p < 0.05). Significantly 
higher Shannon diversity index was recorded in the non-
quarry area (2.49) as compared to the quarry area (1.97) 
(p < 0.05). The Sorenson’s similarity index for the quarry 
and non-quarry was 0.86.

Soil physical and chemical properties
Soil bulk density (BD) varied between 1.46 to 2.20 g cm−3 
with a mean value (Fig.  3) of 1.9  g  cm−3 for the quarry 
and 1.2 to 1.66 g cm−3 with a mean value of 1.38 g cm−3 
for the non-quarry (Fig.  3) and the difference was sig-
nificant (p < 0.05) (Table 5). The soil texture of the quarry 
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were sandy loam 16.7%, silt loam 16.7%, sandy clay loam 
33.3%, and clay loam 33.3%; and similarly silt loam 16.7%, 
loamy texture 33.3% and clay 50% for the non-quarry site.

The two sites showed a significant difference in TN 
and AvP (p < 0.05), and higher value were accounted to 
the non-quarry area. In contrast the pH value was rela-
tively higher in soils of quarry compared to non-quarry 
area and this was significant (p < 0.05) (Table 5). Soil pH 
result indicates, the soils of the quarry was 66.7% alka-
line and the rest 33.3% very alkaline, whereas soil of the 

non-quarry was 16.67% neutral and 83.33% lie on alka-
line soil. However, there were no significant differences 
on AvK, OC and EC between the quarry and non-quarry 
areas.

Community perception regarding quarry
Regarding historical background of the quarry area, 
86.7% responded that, the quarry areas were covered 
with different vegetation of bushes, shrubs, and trees. 
Among the total respondents, 43.3% and 32.5% believed 

Table 2  Abundance (AB), density (DE), basal area (BA) and importance value index (IVI) of woody plants in quarry areas

T Tree, SH Shrub, B Bush, WH Woody herb

Species Family Life form AB (number) DE (number/ha) BA (m2 ha−1) IVI

Withania somnifera (L.) Solanaceae SH 1 0.4 0 0.1

Acokanthera schimperi Apocynaceae B 1 0.4 0 0.1

Euphorbia canderlabrum Euphorbiaceae T 1 0.4 0 0.1

Euphorbia tirucalli Euphorbiaceae T 1 0.4 0 0.12

Psydrax schimperiana Rubiaceae T 1 0.4 0 0.11

Bridelia micrantha Euphorbiaceae T 1 0.4 0 0.11

Clematis simensis Fres. Ranunculaceae WH 1 0.4 0 0.1

Ziziphus spina-christi Rhamanaceae T 1 0.4 0 0.11

Grewia ferruginea Tiliaceae B 2 0.7 0 0.22

Vachellia bussei Fabaceae T 2 0.7 0 0.2

Alendiya Unidentified B 2 0.7 0 0.2

Rumex nervosus Polygonaceae SH 2 0.7 0 0.2

Bridelia micrantha Euphorbiaceae T 3 1.1 0.06 0.57

Phytolacca dodecandra Phytolaccaceae B 3 1.1 0.01 0.37

Albizia scimgeriana Fabaceae B 4 1.4 0 0.33

Maytenus senegalensis (Lam.) Celastraceae S/T 4 1.4 0 0.41

Murkus_zbi Unidentified SH 4 1.4 0.05 0.49

Dicrostachys cinerea Mimosaceae SH 5 1.8 0 0.28

Entada abyssinica Mimosaceae B 5 1.8 0 0.35

Vachellia abysinica Hochst.exBenth Fabaceae T 6 2.2 0.03 0.48

Acacia saligna Mimosaceae T 6 2.2 0.08 1.18

Faidherbia albida Fabaceae T 9 3.3 0.06 0.95

Solanum incanum L. Solanaceae B 12 4.3 0.01 0.98

Rumex nervosus Polygonaceae B 17 6.2 0.01 1.27

Dodonea angustifolia (L.) Jack Sapindaceae SH 18 6.5 0.01 1.42

Vachellia etbaica Schlueinf Mimosaceae T 21 7.6 0.08 2.17

Vachellia lehai Fabaceae T 28 10.1 0.2 2.76

Aloe berhana Tad. Aloaceae WH 28 10.1 0 2.8

Rhoicissus tridentata Vitaceae WH 29 10.5 0.01 2.96

Croton macrostachyus Euphorbiaceae T 36 13 0.04 3.11

Buddleja polystachya Lndigenous SH 106 38.4 0.11 4.7

Calpurnia aurea (Alt.) Fabaceae SH 111 40.2 0.12 5.29

Senna singueana (Del.) Lack Caesalpiniodeae SH 205 74.3 0.22 9.26

Maytenus arbutifolia (A. Rich.) Celastraceae SH 466 168.8 0.49 16.44

Euclea racemosa subsp.schimperi Ebenaceae SH 667 241.7 3.68 39.76

Total 1809 655.4 5.29 100
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that government and individuals respectively decided 
the area to be quarried. Among the respondents, 44.8% 
thought that, the responsible body did not involve the 

communities on the decisions of the areas for mining. 
Majority (72%) of the respondents opined that the causes 
of vegetation loss resulted from land use practices such 

Table 3  Abundance (AB), density (DE), basal area (BA) and Importance Value Index (IVI) of woody plants in non-quarry 
areas

T Tree, SH Shrub, B Bush, WH Woody herb

Species Family Life form AB (number) DE (number/ha) BA (m2 ha−1) IVI

Jasmnum abyssinicum Hochst.exDc Oleaceae SH 1 0.4 0 0.08

Rhamnus staddo Anacardiaceae T 1 0.4 0 0.08

Phytolacca dodecandra Phytolaccaceae T 1 0.4 0 0.08

Combretum molle Combretaceae T 1 0.4 0.18 0.53

Plumbago zeylanica Unidentified B 2 0.7 0 0.15

Maesa lanceolata Myrsinaceae T 2 0.7 0.01 0.17

Solanum incanum L. Solanaceae B 3 1.1 0 0.16

Ziziphus spin-christi (L.) Desf. Rhamanaceae T 3 1.1 0.01 0.18

Bcium gradflorum Lamiaceae B 4 1.4 0 0.18

Sunuh Unidentified B 4 1.4 0 0.25

Rhus natalensis Anacardiaceae SH 6 2.2 0 0.27

Justicia schimperiana Acanthaceae SH 6 2.2 0.01 0.42

Echinopis hispidus O.hoffm Asteraceae WH 7 2.5 0 0.55

Withania somnifera (L.) Solanaceae SH 7 2.5 0 0.48

Clerodendron myricoides(Hochst) R.Br ex Vatke Verbenaceae SH 7 2.5 0.01 0.36

Acacia saligna (Labill.) Wendel. Fabaceae T 9 3.3 0.19 0.84

Maerua angolensis DC. Subsp. Capperidaceae T 9 3.3 0.02 0.54

Murkus_zbie Unidentified B 10 3.6 0.03 0.5

Maytenus senegalensis (Lam.) Exell Celastraceae S/T 13 4.7 0.73 2.52

Carrisa edulis Vahl. Apocynacea T 14 5.1 0.01 0.51

Grewia ferruginea A.Rich Tiliaceae B 17 6.2 0.02 0.49

Dicrostachys cinerea Fabaceae SH 18 6.5 0.03 1.06

Alediya Unidentified B 20 7.2 0.02 1.18

Entada abyssinica Mimosaceae B 20 7.2 0.01 1.02

Vachellia etbaica Schlueinf. Mimosideae T 24 8.7 0.17 0.95

Euphorbia canderlabrum Euphorbiaceae T 24 8.7 2.36 6.99

Acokanthera schimperi Apocynaceae B 28 10.1 0.15 1.27

Aloe berhana Tad. Aloaceae WH 29 10.5 0.01 1.33

Rumex nervosus Polygonaceae B 29 10.5 0.09 1.33

Rhoicissus tridentata Vitaceae WH 35 12.7 0.03 1.44

Dodonea angustifolia (L.) Jack Sapindaceae SH 38 13.8 0.02 1.64

Albizia scimgeriana Fabaceae B 39 14.1 0.02 1.11

Faidherbia albida Fabaceae T 51 18.5 0.68 3.23

Psydrax schimp eriana Rubiaceae T 59 21.4 0.23 1.99

Croton machostachys Euphorbiaceae T 74 26.8 0.43 3.29

Vachellia abysinica Hochst.ex Benth. Fabaceae T 105 38 0.59 3.74

Vachellia lehai Fabaceae T 183 66.3 1.03 6.73

Calpurnia aurea(Alt.) Fabaceae SH 277 100.4 0.43 5.56

Senna singueana (Del.) Lack. Caesalpiniodeae SH 311 112.7 0.47 7.75

Buddleja polystachya Lndigenous SH 328 118.8 0.53 6.15

Maytenus arbutifolia (A. Rich.) Wilczek. Celastraceae SH 591 214.1 0.93 11.43

Euclea racemosa subsp. schimperi Ebenaceae SH 858 310.9 3.77 21.51

Total 3268 1184 13.18 100.2
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as; mining, overgrazing, deforestation and generally poor 
land management. All the sampled respondents believed 
that quarry has both negative and positive impact in the 
study areas. In addition, most of the respondents men-
tioned that, due to quarry activities, tremendous veg-
etation were lost and the area is now becoming a source 
of floods and exacerbating erosion. Fifty-six percent of 
the respondents thought that the vegetation loss in the 
quarry were mostly as consequences of mining activity. 
Regarding species endangered and extinction, about 51% 
of the respondents indicated that species like Faidher-
bia albida, Vachellia abyssinica, Dodonea angustifolia 
and Entada abyssinica were endangered from the quarry 
areas. Likewise, the survey showed that, stone min-
ing was evaluated by 56.6% of the respondents to have 
negative impact on cultivated land while 43.4% of the 
respondents evaluated, the role of stone mining on culti-
vated land as positive.

Almost all the respondents thought that the abandoned 
quarry areas were not being rehabilitated (Fig.  4) and 

about 50% of the respondents indicated that this was due 
to lack of responsibility of relevant government office. 
Yet, all of the respondents responded that it is possible 
to rehabilitate the badly degraded lands and make them 
productive again with careful planning and management. 
Besides, they recommended closing areas from the inter-
ference of human beings and livestock supported by soil 
and water conservation measures to increase the amount 
of water infiltrating into the soil.

Discussion
Effects of stone mining on woody species diversity 
and density
In the present study, significantly lower species richness 
and Shannon diversity index was recorded in the quarry 
areas as compared to the non-quarry area. In line with 
this study, Wheater and Cullen (1997) found lower num-
ber of plant species and diversity in Disused quarries 
as compared to natural Daleside in Derbyshire, United 
Kingdom. Meaza et  al. (2017) also reported that woody 
species encountered at plot level decreased from artisa-
nal gold mined to unmined sites. They also revealed that 
dead trees and exposed tree roots were higher in mined 
than the unmined areas which might discourage regen-
eration and recruitment of woody vegetation.

The species richness, diversity and composition of 
woody species in an area depend largely on anthro-
pogenic effects. Stone mining is among the destruc-
tive anthropogenic activities on natural resources. For 
example, Akanwa et  al. (2017) revealed that quarrying 

Fig. 2  Basal area (m2 ha−1) of quarry (Q) and non-quarry (NQ) for a given diameter class

Table 4  Diversity of woody species across quarry and non-
quarry areas

(*p < 0.05; **p < 0.01)

Variable Mean values t value p value

Quarry Non quarry

Number of individuals 
per ha

655.5 1184 − 7.182** 0.000

Species richness 5.91 8.09 − 4.620** 0.000

Shannon diversity (H’) 1.97 2.49 93.6** 0.0005
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practices have destroyed arable lands, economic trees 
and forests in Ebonyi State, Nigeria. Stone mining can 
affect biodiversity by disturbing plant growth by set-
tling on leaves and hinder photosynthesis thus disrupt-
ing food chains (Akanwa et  al. 2017; Gabarrón et  al. 
2019).

Furthermore, in this study, the quarry area had one-
third of total plant density compared to that of the non-
quarry areas. In line with this study, Letheren (2008) in 
their research on the comparison of woody vegetation 
species abundance on quarry surrounding and refer-
ence area found that highest abundance in the refer-
ence area as compared to the quarry areas. Meaza et al. 
(2017) also reported that tree densities of mined (990 
per ha) were significantly lower than the unmined sites 

(2373 per ha). This could be probably due to higher soil 
bulk density, low moisture conditions, ability to toler-
ate low nutrient levels and lower species adaptations to 
the harsh physical nature of the substrate. Low nutrient 
habitats are usually colonizing with low relative growth 
rates. These adaptations enable colonizing to maxi-
mize the nutrient uptake and ensure high nutrient use 
efficiency in low nutrient environment (Lameed and 
Ayodele 2010). Furthermore, the waste materials that 
remain after the extraction of the stone are dumped 
on the surrounding land, thus causing loss of topsoil, 
nutrients and supportive microflora and vegetation 
(Hammond 1988; Singh et al. 2002).

Effects of quarrying on soil physical and chemical 
properties
The soil bulk density of quarry area was significantly 
higher than the non-quarry sites. In line with the pre-
sent study Shrestha and Lal (2008) found higher bulk 
density in mining areas. The higher soil bulk density 
value of quarry area could be attributed to overload of 
soil, stone fragments, and boulders produced during the 
mining from the quarry pits, and due to track load move-
ment. Similar results also showed in Spain by Jordan et al. 
(2012). Gabarrón et al. (2019) also revealed that mining 
altered important soil properties such as increasing bulk 
density. The change in bulk density affects soil hydraulic 
properties and hydrological stability which in turn influ-
ences soil remediation. Furthermore, compacted mine 

Fig. 3  Soil bulk density of quarry and non-quarry areas

Table 5  Soil chemical and physical pparameters on Quarry 
and Non-quarry areas

Variable Land use types t value p value

Quarry Non-quarry

Mean TN (%) 0.091 0.1493 − 0.058250 0.000

Mean AvP (ppm) 3.867 6.4233 − 2.611667 0.027

Mean EX. K (ppm) 253.1 316.29 − 1.778000 0.127

Mean OC (%) 1.670 1.5883 0.5520000 0.013

Mean EC (ds/m) 1.288 0.6233 0.6650000 0.071

Mean pH 8.282 7.7120 0.5700000 0.005

Mean BD (g/cm3) 1.903 1.3801 17.463000 0.000
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soils prevent seed germination and the establishment of 
native vegetation.

When mining removes the vegetation and inevitably 
leads to the loss of some plant nutrients from the site 
and altered the nutrient balance of the site. In the pre-
sent study, lower total nitrogen and available phospho-
rus was recorded in the quarry area as compared to the 
non-quarry area. Several authors have also documented 
the effects of mining on certain soil chemical properties 
(Shrestha and Lal 2011; Zhen et  al. 2017). For example, 
Shrestha and Lal (2011) indicated that mining and rec-
lamation activities decreased soil organic carbon (SOC) 
and nitrogen (N) pools in Ohio. Similarly, Assel (2006) 
found a lower and reduced content of soil N and P in 
mine soils when compared to the natural forest, which 
was due to ecosystem disruption, removal of vegetation 
and loss of litter layer during mineral mining. Besides, 
Hilson (2001) argued that regardless of the overburden 

type used, plant available N and P tend to be low in 
mined soils, which may limit plant growth. Sheoran et al. 
(2010) also added that the consequences of physical dis-
turbance to the topsoil during stripping, stockpiling and 
reinstatement, cause unusually large N transformations 
and movements eventually leading to a substantial loss in 
soil fertility and productivity.

The lower total nitrogen in quarry as compared to 
non-quarry might be due to low litter input and low 
cover of good fertility potential tree species like Faid-
herbia albida (Melaku 2007). However, in the non-
quarry area the availability of dense forest could 
increase litter inputs. Similarly, the lower available 
phosphorus in the quarry area might be attributed to 
the medium pH available in the soil that hinders phos-
phorus availability.

On the other hand, the higher mean value of pH found 
in the quarry area than non-quarry could be due to 

Fig. 4  Quarry areas in May-gundi watershed
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weathering accessibility of basic cations from the quarry-
extracted stones. According to Machin and Navas (2000) 
soil pH can increase in mining areas where alkaline 
materials are processed, especially surrounding magne-
site calcination plants, where the pH can increase up to 
maximum values of 9.5. In contrary to the present study, 
Kalu and Ogbonna (2019) reported lower pH value at the 
edge of quarry site in Akpoha and Ishiagu communities 
of Ebonyi state, Nigeria.

The results of percentage of OC, Ex, K and EC 
showed non-significant difference between the quarry 
and non-quarry areas. This could be due to the activ-
ity that has been implemented by the stone extractors 
for better crushing of hard stones the extractors were 
burning the stones with woods, cow dung, and crop 
residue and this could add some types of nutrients 
to the soil of the quarry area. Therefore, the losses of 
some types of nutrients that has been created by quarry 
activity could be balanced. In contrary to the present 
study, lower organic carbon was recorded at the edge of 
the quarry site as compared to the control Akpoha and 
Ishiagu communities of Ebonyi state, Nigeria (Kalu and 
Ogbonna 2019).

Community perception on the impact of quarry
Views gathered from respondents in the study area 
revealed that loss of vegetation and soil erosion have been 
the most important negative effects of quarry. Removal 
of vegetative cover usually takes place intentionally in 
order to access the stone. In May-Gundi watershed, Adi-
Sendel quarry site is a clear example of such removal of 
vegetation. These activities significantly contribute to 
erosion and loss of fauna around the quarry area. Since 
most quarrying do not preserve the topsoil removed 
before excavation begins, the topsoil is often washed 
away into surface water, carrying with it ecologically val-
uable seed banks that are necessary for the regeneration 
of vegetation.

In addition, most of the respondents specify that, loss 
of economically important woody species such as Faid-
herbia albida, Vachellia abyssinica, Dodonea angustifolia 
and Entada abyssinica has been one tremendous draw-
back of stone quarrying in the study area. The Faidherbia 
albida trees that are also called Acacia albida are not cul-
tivated but grow in the wild. These trees had been endan-
gered due to quarrying and as result of this soil fertility, 
animal feed and household material benefits are not pos-
sible and consequent in reduction in household income.

Respondents also thought that quarry areas were 
selected and allocated without the participation of the 
community. This could be attributed by the misunder-
standing between the local experts and communities in 

understanding the decision-making hierarchy of repre-
sentative democracy. The experts in collaboration with 
village local administrators allocated the proposed quarry 
sites  to individuals and/or group of individuals witout 
informing the community. The decision making gap cre-
ates the community to feel lack of responsibility in the 
managment and control of their surrounding natural 
resources. Even though, the quarry sector has adversely 
impacted the natural resources around the quarry area, 
most of the respondents believed that, the quarry-
impacted area including the abandon quarry area would 
possibly rehabilitate. Among the measures suggested for 
rehabilitation are; assignment of specified buffer zone 
between the quarry area and other land use, mining sys-
tem instead of expanding its horizontal attention should 
be given vertical, possibly the stone mining should first 
be given to the youngsters that do not have their own cul-
tivable land, and the rehabilitating of quarry area should 
be strengthened with soil and water conservation meas-
ures and replanting tree species.

Conclusions
Stone mining significantly affected woody species 
diversity and selected soil properties. Stone mining 
showed a negative impact in both density as well as 
diversity of woody species. Significantly lower Shannon 
diversity, species richness and abundance were found in 
the quarry areas as compared to the non-quarry areas. 
Significantly lower available nitrogen and phosphorus 
was recorded in the quarry areas as compared to non-
quarry areas. However, higher value of bulk density, 
OC and pH was found in quarry than non-quarry areas. 
Comparatively, the chemical result indicates lower fer-
tility for the quarry than non-quarry. Almost all of the 
respondents are aware of the impact of quarry on veg-
etation and soil properties. However, though the com-
munity understands the negative impacts of quarry, 
remedial actions have not yet been conducted individu-
ally as well as collectively. Therefore, attention should 
be given by all relevant stakeholders in minimizing the 
negative impacts of quarry for further sustainable natu-
ral resources development.
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