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Abstract
Destructive mining operations are affecting large areas of natural ecosystems, especially in arid lands.
The present study aims at investigating the impact of iron mine exploitation on vegetation and soil in
Nodoushan (Yazd province, central Iran). Based on the dominant wind, topography, slope, vegetation and
soil of the area, soil and vegetation parameters close to  the mine were recorded and analyzed according
to the distance from the mine. In order to obtain the vegetation cover, a transect and plot on the windward
and leeward side of the mine, with 100 m intervals and three replicates at each sampling location was
used, yielding 96 soil samples. The amount of dust on the vegetation, the seed weight and seed
germination rate of Artemisia sp. as the dominant species within the area, and the soil microbial
respiration were measured. The relationship between vegetation cover and distance from the mine was
not linear, which was due to an interplay between pollution from the mine and local grazing, while other
factors did increase or decrease linearly. The results showed that, as the distance from the mine
increased, the weight of 1000 seeds of Artemisia sp. was signi�cantly increased from 271 to 494 mg and
seed germination rate and soil microbial respiration were signi�cantly increased from 11.7 to 48.4 % and
from 4.5 to 5.9 mg CO2 g− 1 soil day− 1 respectively, while the amount of dust signi�cantly decreased from

43.5 to 6 mg (g plant)−1 between the distance of 100 to 600 m from the mine in the leeward direction. A
similar trend was observed in the windward side, though negative effects were lower compared to the
same distance along the leeward sample locations. The direct and indirect effects on plant growth and
health from mining impacts generally decreased linearly with increasing distance from the mine, up to at
least 600 m. Our study serves as a showcase for the potential of bio-indicators as a cost-effective
method for assessing impacts of mining activities on the surrounding environment.

1. Introduction
Mining operations increasingly impact natural ecosystems, especially in arid lands (Dudca and Adriana
1997). The effects of exploitative activities vary in different areas and local communities (Duhaime
2004), but the most common destructive effects include changes in the landscape, water acidi�cation,
soil contamination, destruction of vegetation, and health risks for local communities (Liu et al. 2014).
Degradation caused by surface mining largely depends on the topographic conditions, the intensity and
prevalent direction of the wind, and soil properties before mining (Grantz et al. 2003; Bujalský et al.,
2014). The degradation of vegetation and soil in natural habitats results in adverse consequences such
as decreasing vegetation cover and vigor, and reduced biological soil activity that may either be
irreversible or require a long period to revert to the previous state, especially in arid regions (Darley 1996;
Turner 2013). The combined effects often result in adverse impacts on local communities, especially in
rural areas. Thus, studying the effects of mining and determining the extent and severity of vegetation
and soil degradation is needed for future sustainable development by improved land management and
revegetation in these valuable natural areas. There have been several studies on the effect of mining on
vegetation and natural ecosystems in arid and semiarid regions (Shari� et al. 1997; Bech et al. 2012)
which mainly focused on heavy metals. Hamidian et al. (2014) reported that the mean concentrations of
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heavy metals were signi�cantly higher in soils close to a copper mine in Darrehzereshk, Taft, Yazd
province, Iran, with a signi�cant difference between the concentration of metals in all categorized regions
based on the distance from the mine. Bech et al. (2012) determined that signi�cantly higher
concentrations of heavy metals in soil and vegetation of the area surrounding lead mine tailings,
indicating negative impact of the mine on soil and vegetation in the western Mediterranean. Santos et al.
(2012) found high concentration of heavy metals in native plant species grown in the tailings dump sites
of lead, copper and zinc mines in the Querétaro region of Mexico, with accumulation of metals being
species speci�c. Kumar (2015) reported vegetation changes depending on the type of mine, vegetation
and levels of dust. The impact on vegetation has led to recommendations to protect plants against being
exploited by wild animals (e.g. Booth et al. 2003 in a study on Artemisis spp). Furthermore, Hector et al.
(2009) concluded that there is the risk of heavy metal contamination and their transmission to animals,
and as a result, the whole biological cycle, due to the accumulation of heavy metals in vegetation. This
particular study determined the leeward impact of mining operations by using several biological
indicators. Determining this outward impact is needed to enable natural resource managers to evaluate
and calculate �nancial damages resulting from land degradation around the mine. For this, we focus on
factors that have been scarcely considered by researchers in relation to the impact of mining on habitats
and natural ecosystems.

Considering reported negative impacts of mining operations in rangeland ecosystems and the increasing
number of mines recently within the area, there is a need for appropriate and cost-effective indicators that
enable to assess and monitor mining impacts. Hence, our study aims to estimate the mining impacts on
a number of environmental variables and how impacts relate to the distance from the mine. This could
then be used as an indicator of potential damage elsewhere, and as a guide for improving and
reconstructing regions around mining areas. Speci�cally, we focused on biological indicators as a
potentially cost-effective method to assess and monitor mining impacts on soil and vegetation in an area
that has seen an increasing number of mines during last years. This evaluation of bio-indicators was
performed near the Suork iron ore mine in Iran, Yazd province, as a case study. We selected this site
because many similar mines exist in the province and the mine’s surroundings are considered
ecologically valuable rangelands.

2. Materials And Methods
2.1. Study area and general sampling strategy

The study area is located in the center of Iran, Yazd province (31°58’N, 53° 30' E), 2100 m a.s.l. (above sea
level) with a slope of 17%. The main period of the precipitation is January to April (74 mm), with nearly
18% falling as snow and the rest as rain. The average annual temperature and precipitation is equal to
14°C and 93 mm, respectively. The �ora in the region comprises 19 annual and perennial species, with
Artemisia sieberi L. as a dominant species (Abdollahi et al., 2015). The prevailing wind speed and the
number of dust days is equal to 14.8 m/s and 50 days per year in the region, respectively. The soils of the
region are shallow to deep and classi�ed as Calcisols (Taghizadeh et al. 2020, Baxter 2007). Iron mining
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activities started in 2008 and are still actively ongoing. The mine has two circuits of grinding and
aggregating and dry magnetic separation with an annual supply of 430000 tons of mineral (mainly
magnetite) of 50% grade and produces about 300 thousand tons of iron ore concentrates of 66% grade.
Volume of mining tailings is equal to around 3 million tons annually, which are deposited around the
mine at distance of less than 1 kilometer from the mine. The village of Surk is located 4 km from the
mine in leeward direction, and has a population of 225.

The area studied was categorized in terms of distance to the iron ore mine along the prevailing wind
direction, and topography. Systematic sampling was performed in 100 m intervals from the mine.
Landsat satellite imagery was used as an auxiliary tool in order to detect similar land units on the
rangelands, and the location of the sampling points was determined according to tone changes of
images and the slope of the area, as homogeneous land units have similar tone (Zonneveld I.S 1989).
The measured variables include the percentage of vegetation cover, the weight of 1000 seeds, the
germination rate of the dominant seed species, soil microbial respiration rate and percentage of dust in
the region. To measure the soil and vegetation factors in the habitat near the mine in this research, �rst,
samples were grouped based on the distance from the mine, in 100 m groups (Fig. 2). Because the terrain
(especially steep slopes) made it di�cult to �nd accessible and homogeneous sampling conditions far
from the mine, no plots were laid out farther than 600 m from the mine. Location of sampling groups,
transects and plots located along the transects has been illustrated in Fig. 2 based on the distance from
the mine and wind direction.

2.2. Aboveground sampling and measurements
Vegetation cover

Sampling was carried out in the main growing season, starting November 2016 and ending late January
2017 with the completion of the plant life cycle i.e. seed formation. Sampling around the mine was done
in topographic units with homogeneous slope, direction and topography. In order to obtain the vegetation
cover (%), 35 m transects with 3 plots of size 1 by 2 m (Moghadam 2009) perpendicular to the main
transect (Fig. 2) were used, giving a total of i.e. 18 and 6 transects and plots in leeward and windward
directions, respectively (Fig. 2). The size of the plots was determined based on the distribution pattern of
the species (minimum area method) and the number of plots needed was based on mean and variance
data obtained by initial vegetation cover sampling in the study area (Moghadam 2008).

Seed weight

To measure the weight of 1000 Artemisia sp. seeds,250 seeds were sampled from plots at each sampling
point (100-meter interval) in 5 replicates. Hence, 30 and 10 samples were used for seed measurement in
leeward and windward directions, respectively. The weight of 250 seeds was measured using a balance
with 0.0001g sensitivity and average of �ve replicates (each consisting of 250 seeds) was multiplied by 4
to obtain the 1000 seed weight.

Dust deposited on the plant
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To determine the weight of the deposited soil particles and dust on plants, the aerial plant parts were
inserted into a bag and shaken, then dust, seeds and small plant parts that remained in the bag were
passed through meshes of size 14 (1180 µm), 18 (1000 µm) and 25 (710 µm) to remove particles with
more than 710 µm diameter from the aerial parts of the plants (Lohr V I, Pearson-Mims C H, 1996). Three
plant samples in each plot were taken, for a total of 54 and 18 plant samples in leeward and windward
direction, respectively, to determine dust deposition. We sampled plants of similar size in each of the
plots. The weight of the dust was measured using a balance with 0.0001g sensitivity. In the �nal stage,
dust deposited was reported relative to the weight of the sampled plant parts by dividing weight of
deposits by plant weight, reported as g dust/ g plant biomass.

Seed germination rate

The seeds of dominates species within the study area, i.e. Artemisia seiberi L., were disinfected using
sodium hypochlorite and then placed per batch of 10 in a sterile container with a wetted �lter paper using
distilled water. To measure seed germination, �ve containers were used on each sampling point, for a
total of 30 and 10 containers in leeward and windward directions, respectively. The containers were
placed in an incubator for 10 days at 25°C. The number of seeds which had germinated were counted
daily.

2.3. Soil sampling and measurements
Soil samples were collected at a depth of 0–10 cm in 96 points located within the plots, using a trowel,
and the soil was placed in a plastic bag and coded. In each plot, 4 soil samples were taken and analyzed,
for a total of 72 and 24 samples in leeward and windward directions, respectively. The samples were
subsequently placed inside a cooling container containing ice, and transferred to the laboratory to
measure the soil microbial respiration rate.

Soil microbial respiration

Surface soils were �rst placed into a closed container and were ground to pass a 2-mm sieve and then a
same volume of distilled water was added to each container to reach 50% �eld capacity. Then, 20 mL of
0.05 N NaOH was poured into smaller containers and placed in container with soil. The container caps
were sealed using wax tape and incubated at 28°C for 24 hours. In the �nal stage, the extra NaOH was
titrated using HCl and soil microbial respiration was measured by titration method (ISO 16072, 2002).
The following formula was used to convert the excess of titrated NaOH to CO2 released by microbial
respiration :

V1 and V2 is the volume (ml) of HCl consumed in the control and in the test sample respectively, N HCl:
Normality of HCl; m is the mass of the moist soil sample, in grams; d is the dry mass fraction of the moist
soil.
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2.4. Statistical analysis

The effect of the distance from the mine was determined by analysis of variance as a parametric method,
and differences between the measured variables were evaluated using post-hoc analysis and Duncan's
Multiple range test. Before analyzing, normality distribution of data and homogeneity of variance were
evaluated by Kolmogorov-Smirnov and Levene's tests, respectively. Transformation methods such as the
Box-Cox method (Box and Cox 1964) were used where model assumptions were not met. Relationships
between dependent and independent variables were evaluated using regression and Pearson correlation.
SPSS software version 22 was used for data analysis.

3. Results
3.1. Vegetation cover (%)

The maximum vegetation cover (18.4%) was observed at a distance of 200 meter from the mine in
windward side while minimum was observed at 100 m (11.5 %) in leeward direction. Going away from the
mine in leeward direction, vegetation cover �rst increased until 300–400 m, after which the cover
decreased again (Table 1).

Table 1
Percentage of vegetation cover at different distances from the iron ore mine

Vegetation Distance from the mine

      Leeward     Windward

(100
m)

(200
m)

(300 m) (400
m)

(500
m)

(600 m) (100 m) (200 m)

Mean a 11.5 b 13.2 c 16.5 12.8 b b 13.1 c 2.17 b 14.1 d 18.4

Max 12.2 13.5 17.0 16.5 13.4 11.8 14.5 19.

Min 11.3 12.9 16.0 15.8 12.9 11.2 13.5 18.0

Std 0.5 0.3 0.5 0.4 0.2 0.3 0.5 0.5

C.V 4.3 2.3 3.0 3.1 1.5 1.7 3.6 2.7

Std: Standard deviation; C.V: Coe�cient of variation; Different letters show signi�cant (P < 0.01)
difference.

 

Trend of vegetation cover (%) was nonlinear based on the distance from the mine, with distance
explaining 63% of the variance in cover (Fig. 3).
3.2. Weight of 1000 seeds
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Results showed there is a signi�cant difference (P < 0.01) in 1000 seeds weight of the dominated species
(Artemisia seiberi L) among distance groups, indicating that seed quality depended on the distance from
the mine (Table 2).

Table 2
Seed weight (mg) of the dominant species in the study area i.e. Artemisia seiberi L. at different distances

from the mine
Seed
weight

Distance from the mine

Leeward Windward

(100
m)

(200
m)

(300
m)

(400
m)

(500 m) (600
m)

(100 m) (200 m)

Mean a 271 b 336 b 353 c 404 d 428 e 494 b 374 c 423

Max 330 380 400 430 450 530 430 450

Min 210 300 300 370 410 460 260 400

Std 33 25 30 17 13 10 66 15.8

%C.V 12.2 7.4 8.5 4.2 3.04 2.02 17.6 3.70

Std: Standard deviation; C.V: Coe�cient of variation; Different letters show signi�cant (P < 0.01)
difference.

 

Results show that the 1000 seed weight increases linearly when moving away from the mine. Minimum
1000 seeds weight was 271 mg at the nearest distance (100 m) whereas the maximum weight was 494
mg at a distance of 600 m from the mine (Table 2). The trend of variation in weight of 1000 seeds in
relation to the distance from the mine was linear and increased with increasing distance. More than 84%
of the seed weight variance was explained by distance from the mine, indicating clear impact of mining
operations on seed weight of the dominant species within the study area (Fig. 4).

3.3. Dust deposited on the plant
The highest deposited dust was 43.5 mg/g plant at a distance of 100 m from the mine, while the
minimum was recorded at the maximum distance (600 m) and equal to 6.0 mg/g plant, i.e. decreasing
more than 7 times compared to the location nearest to the mine (100 meters). Comparing the dust
deposited on plants by Duncan’s test indicated a signi�cant (P < 0.01) difference between most of the pair
groups (Table 3). The trend in decreasing dust deposition in relation to increasing distance from the mine
was linear and explained more than 83% of the variance (Fig. 5).
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Table 3
Dust weight (mg (gr plant)−1) of the dominant species in the study area i.e. Artemisia seiberi L.at different

distances from the mine
Dust
weight

Distance from the mine

Leeward Windward

(100
m)

(200
m)

(300
m)

(400
m)

(500
m)

(600
m)

(100 m) (200 m)

Mean a 43.5 b 31.6 b 26.4 c 18.0 c 14.0 d 6.0 d 9.0 e 3.0

Max 48.0 44.0 33.0 26.0 16.0 9.0 14.0 5.0

Min 40.0 18.0 21.0 9.0 12.0 2.0 6.0 2.0

Std 2.30 7.90 3.90 4.40 1.70 2.10 3.10 1.0

C.V 5.2 25 15 24.4 12.1 35.0 34.4 33.3

Std: Standard deviation; C.V: Coe�cient of variation; Different letters show signi�cant (P < 0.01)
difference.

 

3.4. Seed germination rate

The highest rate of seed germination for Artemisia sp. was 53.6% at a distance of 200 m from the mine in
windward, while the minimum (11.7) was recorded at the minimum distance (100 m) in leeward side. As
the distance from the mine increases, rate of seed germination is signi�cantly (P < 0.01) increased.
Results show there is a signi�cant difference (P < 0.01) between most of pair groups in the rate of seed
germination by Duncan’s test, indicating different impact of mining operations on seed quality and rate of
seed germination in the surroundings of the mine (Table 4).
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Table 4
Percentage of seed germination of the dominant species in the study area i.e. Artemisia seiberi L. at

different distances from the mine
GER Distance from the mine

Leeward Windward

(100 m) (200 m) (300 m) (400 m) (500 m) (600 m) (100 m) (200 m)

Mean a11.7 b 18.6 c 23.9 d 31.9 e 38.9 f 48.4 e 36.3 g 53.6

Max 13.0 19.0 24.8 33.0 40.5 51.2 37.6 55.0

Min 10.5 18.0 23.0 31.0 37.2 45.4 35.3 51.5

Std 1.2 0.5 0.9 1.0 1.6 2.9 1.2 1.8

C.V 10.3 2.7 3.8 3.2 4.1 5.9 3.3 3.4

Std: Standard deviation; C.V: Coe�cient of variation; Different letters show signi�cant (P < 0.01)
difference level.

 

The trend in increasing seed germination in relation to increasing distance from the mine was linear and
explained more than 82% of the variance (Fig. 6).
3.5. Rate of soil microbial respiration

The highest microbial respiration was 5.9 mg CO2 g− 1 soil day− 1 at a distance of 600 m from the mine

while the minimum was 4.5 mg CO2 g− 1 soil day− 1 at the minimum distance (100 m), indicating more
than 30% decreasing in soil microbial respiration at the distance of 100 m from the mine (Table 5). The
results show that soil microbial respiration signi�cantly increased by ascending from the mine, indicating
signi�cant impact of mining operation on microbial activity of the soil.
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Table 5
Soil microbial respiration (mg CO2 gr− 1 soil day− 1) in different distances from the mine

TRA Distance from the mine

Leeward Windward

(100 m) (200 m) (300 m) (400 m) (500 m) (600 m) (100 m) (200 m)

Mean a 4.5 b 4.8 c 5.1 c 5.2 d 5.4 f 5.9 c 5.0 d 5.3

Max 4.9 5.6 5.8 5.5 5.6 6.3 5.4 5.5

Min 4.3 4.6 4.8 4.9 5.10 5.6 4.5 5.0

Std 0.1 0.2 0.2 0.1 0.15 0.2 0.2 0.1

C.V 3.3 4.4 5.7 2.9 2.80 3.5 4.0 3.0

Std: Standard deviation; C.V: Coe�cient of variation; Different letters show signi�cant (P < 0.01)
difference level.

 

The increasing trend of soil microbial respiration with increasing distance from the mine was linear and
explained more than 77% of the variance (Fig. 7).
3.6. Relationship between variables in leeward and windward directions

Results showed signi�cant differences among variables when comparing them along leeward and
windward sides of the mine. The amount of dust deposited on the vegetation was signi�cantly (P < 0.01)
higher in leeward compared to windward areas, while the opposite was found for vegetation parameters
such as seed weight, vegetation cover and seed germination (Table 6).
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Table 6
Differences between variables in leeward and windward of the mine

Parameter N* Location Mean Std Minimum Maximum

Dust (mg/ gr plant) 12 L 27 a 10 2 48

  W 5 b 3 2 1.4

SW (mg) 10 L 360 a 70 210 450

  W 410 b 40 260 530

RES (mg CO2 gr− 1 soil day− 1) 24 L 5 a 0.45 4.3 5.8

  W 5.3 b 0.51 4.6 6.3

GER (%) 10 L 32.9 a 13.8 10.5 53

  W 46.5 b 8.1 35 58

COV (%) 6 L 14.3 a 2.4 11.2 18

  W 17.01 b 2.6 13 21

N: Number of samples, * Comparing results up to 200 m, SW: Seed weight, RES: Soil respiration, GER:
Germination COV: Cover, L: leeward; W: windward, Different letters indicate signi�cant (P < 0.01)
difference

 

Results showed signi�cant (P < 0.01) correlation among variables in windward and leeward side of the
mine (Table 7). Correlation pattern are similar among variables for leeward and windward sides, except
the correlation between vegetation cover and other variables and between seed weight and dust as well
as soil respiration.
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Table 7
Correlation between variables in two directions of the mine

Direction N Variables Dust SW RES GER COV

  36 Dust 1 - - - -

  30 SW -0.83** 1 - - -

Leeward 72 RES − 0.90** 0.91** 1 - -

  30 GER − 0.90** 0.86** 0.87** 1 -

  18 COV - − 0.47** 0.31ns 0.26 ns 0.34 ns 1

  12 Dust 1 - - - -

  10 SW -0.30 ns 1 - - -

Windward 24 RES -0.72** 0.44 ns 1 - -

  10 GER -0.86** 0.45* 0.88** 1 -

  6 COV − 0.81** 0.43** 0.87** 0.90** 1

SW: Seed weight; RES: Soil respiration; GER: Germination; COV: Cover; * p < 0.05, ** p < 0.01, ns: not.

signi�cant.

.

There was a negative and signi�cant correlation between dust and all other variables (except seed
weight) along the windward direction, suggesting negative impacts of dust on soil respiration and
vegetation. We found no correlation between seed weight and soil respiration in the windward direction,
indicating different impact of the mine operations on soil and vegetation depending on wind direction
(Table 7).
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Table 8
Relationship between dust and vegetation parameters in leeward direction

Response Predictor B Std Error R Sq Adj R Sq Sig (Predictor) Sig (Model)

Germination Constant -6.7 3.6 0.83 0.81 0.06 * **

Dust -57.2 22.1 0.02 *

Respiration 9.6 6.1 0.10 ns

Seed weight Constant 0.2 0.15 0.92 0.9 0.08 * **

Dust -3.73 0.9 0.001 **

Respiration 0.05 0.02 0.04 *

Cover Constant 19.1 0.241 0.2 0.15 0.1 ns ns

Dust -46.7 -3.63 0.5 ns

Respiration -0.96 0.043 0.7 ns

* p < 0.05, ** p < 0.01, ns: not signi�cant.

 

Results showed a signi�cant relationship between seed germination and seed weight, in�uenced by
dust and soil respiration as independent variables in the model (Table 8). Seed weight variation was
mainly (> 90%) predicted by dust and soil respiration while there was no relationship between vegetation
cover and dust and soil respiration indicating lower in�uence of vegetation cover by these factors. Seed
germination and weight negatively in�uenced by dust while soil respiration in�uenced them positively.

4. Discussion
Changing land use is one of the most important anthropogenic interventions in natural ecosystems. The
results of the study showed that mining operations in the region signi�cantly affected the surrounding
ecosystem. Most negative effects were found closest to the iron ore mine, including lower vegetation
cover, seed mass, germination and soil respiration. Speci�cally, for vegetation cover, our results indicate a
hump-shaped pattern: increasing away from the mine, but decreasing again further away. This surprising
pattern is likely caused by an interplay between direct negative effects on plants by mining operations
and livestock overgrazing of the rangeland. In �eld surveys, it was found out that ranchers do not guide
livestock near the mine for grazing plants due to their awareness about potential contamination near the
mine. Interviews with ranchers in the region indicated that if livestock graze close to the mine, they would
be affected by various diseases, including infertility and low milk production, as well as itching due to
dust penetration in sheep’s wool. Disorders caused by the absorption and consumption of iron and
copper elements (Humphries et al. 1983; Stadtman and Oliver 1991) can cause the above-mentioned
diseases. In addition, antagonistic effects of iron and copper are reported in various studies (Suttle et al.
1985; Hansen et al. 2005). Various diseases in sheep in dry and dusty conditions have also been reported
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by Litzow (2015). Grazing vegetation with deposited dust from grinding operations and processing of
iron ore around and near the mine could be the direct source of transmission of elements and poisoning
of the livestock (Garick et al. 2003).

As depicted in the Fig. 3 it seems the mixed effects of grazing and mining have the key role in decreasing
vegetation cover at distance of 400–500 meters from the mine while at 600-meter, vegetation cover is
increasing, indicating lower impact of mining at this distance. The major pollution caused by mine
operations is air pollution by dust due to exploitation of mines. This pollution is spread by the dominant
wind in the region. The results of this study revealed that plants near the mine are more affected by the
dust and this pollution is signi�cantly reduced as the distance from the mine increases. The negative
impact of dust caused by mining on vegetation is reported by various researchers (e.g. Reeves and Baker
2000), who have reported the effect of type, size and amount of dust on disturbance of plant growth and
reproduction.

According to our results, the seed weight of the dominant Artemisia species was signi�cantly reduced
closer to the mine. Several studies have reported the impact of mine exploitation on seed quality
reduction, reproduction, plant development and growth (Hector et al. 2009) which con�rm results of this
study. In line we found that the greater the distance from the mine, the higher the seed germination rate of
the dominant plant species, driven by decreased quality of seeds produced near the mine (i.e. lower seed
weight). The negative effect of dust on the plant can be mainly explained by changing of light intensity.
Increased light absorption leads to increased leaf temperatures, closure of stomata and decreased
photosynthesis (Lambers et al. 2008) and changes in evapotranspiration and respiration, which can
ultimately affect growth and seed production and quality (Doely 2006). Additionally, excessive absorption
of iron can interfere with plant performance and healthy seed production. Hence, mining in nature
ecosystems has a negative effect on the germination performance (Hegazy 1996). These decreases in
seed quality and germination in the areas adjacent to the mine reduce plant reproduction, which could
contribute to decreases in vegetation cover in the longer term, as also suggested by our results. In this
regard, estimating the number of young seedlings and different plant age groups in the plots by distance
from the mine can be considered as an important quantitative indicator of mining effects as well. Several
studies have reported different effects of dust particles on vegetation relating to the chemical properties
and size of particles (Darley 1996; Grantz et al. 2003). Turner (2013) examined the impact of dust
generated by iron ore mining in Australia and concluded that dust reduced plant physiological
performance by over 50% and reported a radius of dust transfer up to 2000 m. He reported the maximum
dust was produced at less than 600 meters from the mine with a signi�cant change in plant physiological
parameters, supporting results of the present study. According to our �ndings, the reduction of the
amount of dust along the leeward direction indicates the key role of the wind and its effect on the
transport of particles caused by mine exploitation.

Soil microbial respiration is a soil quality indicator and the activities of microorganisms in the soil can be
considered as a good indicator of overall soil metabolic activity (Bujalský et al. 2014). One of the
destructive effects of mine exploitation on soil is the reduction of microbial activity. The results of this
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study con�rmed that soil microbial respiration signi�cantly decreased with decreasing distance from the
mine. Dehghan (2011) studied the effect of nickel and cadmium pollution on microbial respiration and
soil enzymatic activity, and found that higher soil contamination led to lower rates of microbial
respiration and enzymatic activity, which is in line with the results of this research. Also, Bujalský et al.
(2014) con�rmed that soil microbial respiration was signi�cantly lower in an area that had been mined
for thirty years compared to an area recovered through tree planting. When the soil is contaminated, the
activity of microorganisms is disturbed. As the activity of the microorganisms turns organic to mineral
matter, thereby increasing the amount of nutrients available for the plants, disturbances caused by
contaminants that limit microbial activity can lead to decreases in plant growth, reproduction, and high-
quality seed production. In sum, mine exploitation and resulting contamination can have a signi�cant
negative impact above- and belowground, affecting growth, �owering and pollination, on plant seed
production and quality (Booth et al. 2003), and ultimately survival and regeneration (Waser et al. 2017).

5. Conclusion
This study found that the effect of the prevailing wind direction is an important factor in affecting the
footprint of the mine. The results demonstrated that signi�cant negative effects on soil and vegetation
related to mining activities where more outspoken and reached further away along the leeward side of the
mine. The combined effects of mine exploitation and livestock grazing in the region determined the
vegetation cover, while other variables including seed mass, germination and soil respiration were
suppressed closest to the mine and recovered linearly with distance to the mine for at least 600 m. Our
study suggests that bio-indicators can be used as an environmentally friendly and cost-effective method
to assess the impact of mining operations. Such bio-indicators can be used to compare effects on
pastures and the environment around mines and provide national and international standards on mining
impacts based on the habitat type and human factors.
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Figure 1

Location of the mine site in the study area in Iran and the world. Note: The designations employed and
the presentation of the material on this map do not imply the expression of any opinion whatsoever on
the part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.

Figure 2

Sampling locations in relation to distance from the iron ore mine, along the prevailing wind direction.
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Figure 3

Vegetation cover at different distances from the iron ore mine in leeward direction, with a non-linear
regression and con�dence intervals indicated.
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Figure 4

Weight of 1000 seed at different distances from the iron ore mine in leeward direction, with a linear
regression and con�dence intervals indicated
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Figure 5

Dust deposited on the plants at different distances from the iron ore mine in leeward direction, with a
linear regression and con�dence intervals indicated
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Figure 6

Rate of seed germination at different distances from the iron ore mine in leeward direction, with a linear
regression and con�dence intervals indicated.
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Figure 7

Microbial soil respiration at different distances from the iron ore mine in leeward direction, with a linear
regression and con�dence intervals indicated.


