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The responses of seven selected plant species to gemstone mining activities were investigated based on data
obtained from exo- and endo- morphology of the leaves with the aim of establishing the responses of the plant
species to gemstone mining pollution and the underlining mechanism which could possibly explain such
responses. Both qualitative and quantitative methods, using visual and microscopic assessment were adopted.
Results of the foliar morphology showed that most of the plant species had significant increase (p<0.05) in the
leaf area and petiole length in polluted sites compared to those from unpolluted site though with noted variations
in others. The observed morphological responses are associated with corresponding significant increase
(p<0.05) in stomata frequency, epidermal cell number, glandular and non-glandular trichome frequency and
length, cuticle thickness, upper and lower epidermis. However, characters such as stomata size and palisade
mesophyll tissue were significantly (p<<0.05) reduced. We conclude based on the data obtained in this study that
plants generally respond differently to pollution due to mining through either increase or reduction in some of
their external (leaf area and petiole length) and internal features. These depict adaptive mechanisms employed by
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the plants in order to cope with polluted environments.

Keywords: Plant morphology, Plant anatomy, Mining pollution, Leaf area, Petiole.

INTRODUCTION

Mining activities is the second largest source of
heavy metal contamination in soil after sewage
sludge (Singh ez al, 2005; 2011). Pollution from
metal mining is one of the most serious
environmental problems in our contemporary
environment (Singh ez a/., 2011; Chen ez al., 2018).
Generally, mine tailings are a major source of
contaminants of heavy metals in water, soil and
biota (Nwuche and Ugoji, 2008; Tiwari and Lata,
2018). Also, soil contamination with heavy metals
may cause changes in the composition of soil
microbial community, thereby adversely altering
soil characteristics (Kurek and Bollag, 2004,
Fashola ez al., 2016).

Several metals are essential for biological systems
which must be present in the soil within a certain
concentration limit (Shahid ez 4/, 2015). Where
such metals are present at high concentrations,
they can act in a deleterious manner to plants.
Uptake and accumulation of some metals at
higher concentration can have cytotoxic effects in
some plants species, thereby causing structural
and ultra-structural changes which can affect
growth and physiological well-being of plants

(Panuccio ¢f al., 2009; Hassan et al., 2017). For
example, studies have shown that excessive
concentrations of heavy metals in plants can cause
oxidative stress and stomatal resistance (Zhao ef
al., 2000; Han et al, 2004). It can also affect
photosynthesis and chlorophyll florescence
processes, both of which are essential for plant
nutrition (Shah ez al, 2009). Lead (Pb), for
instance, is one of the heavy metals that is known
to induce changes in leaf epidermal structures by
causing a reduction in the cell size, bring about
abundant wax coating, increase frequency of
stomata and trichomes per unit area and
simultaneous reduction in the sizes of the guard
cells (Gomes etal.,2011).

Plants have developed a variety of strategies to
respond to changes in their environment. Those
growing on or around abandoned or currently
mined sites and on naturally metal-enriched soils
are known to be genetically tolerant to high metal
concentrations (Xiong ef al., 2014; Pierart ef al.,
2015). Morphologically, it has been reported that
heavy metal toxicity could lead to decrease in total
number and sizes of leaves as well as cause
chlorosis and necrosis of leaves, which altogether
result in decreased photosynthetic capacity of
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plants (Pierart e al., 2015; Amari et al., 2017). The
root system is particularly affected by heavy metal
contamination being part of the plant in direct
contact with the contaminated soil. In the roots,
heavy metals have been shown to be accumulated
and translocated in the cell wall, exodermis and
endodermis. They constitute barrier to overall
movement of mineral ions normally required by
plants (Lux e al., 2004). Heavy metal-induced root
responses have been previously described in some
plant species (Marques e al, 2011). These
responses include decreases in root hair numbers,
damage to epidermal and cortical cells and lack of
pith formation and differentiation in the stele
(Singh ez al., 2007). These studies have pointed out
that these responses vary with different plants and
with different metal pollutants.

Several studies have been carried out to highlight
the effects of mining on plants especially in many
developed countries. However, there is limited
information on the mechanism (structure-
function) underlying the effects of soil
contamination on plants growing in environments
contaminated with heavy metals, particularly in
developing countries like Nigeria. Gemstone
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mining is a type of artisanal mining in Nigeria,
which involves people of different cadres,
employing both crude and advanced technology,
portending grave damage and contamination to
the environment. On this basis, there is the need to
carry out a detailed study such as this, in order to
bridge the knowledge gaps. This study is expected
to elucidate specific adaptive characteristics
employed by different species of plants to heavy
metals pollution.

MATERIALS AND METHOD

Study Site

The study site is the gemstone mining site located
in Awo, Egbedore Local Government Area of
Osun State, southwestern Nigeria, where mining
of gemstones is carried out at subsistence level. It
is situated on kilometer 75 along Iwo-Oshogbo
road (Figure 1). The site was subdivided into three
sites: Mined (Longitude 7° 77' 027"N Latitude 4°
40" 489"E), abandoned (Longitude 7° 77' 112"N
Latitude 4° 40" 483"E) and an unmined (control)
site (Longitude 7° 76" 986"N Latitude 4° 40'
448"E).
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Figure 1: Location Map of the Study Site in Awo, Egbedore Local Government Area of Osun State, Nigeria.
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Plant Materials

Seven plants species belonging to four
angiospermic families found in the three sites were
selected for this study. They are Hyptis suaveolens (L.)
Poit. (Lamiaceae); Trema orientalis (L.) Blume
(Ulmaceae); Waltheria indica (L.) (Sterculiaceae);
Aspilia Africana (Pers.) C.D. Adams, Chromolaena
odorata (L) RM. King and H.E. Robins, Ewilia
coccinea (Sims.) G. Don and Tithonia diversifolia
(Hemsl.) A. Gray, (Asteraceae). Identification of
the plant specimens were carried out at the
Department of Botany, Obafemi Awolowo
University Herbarium (IFE) and Forestry
Herbarium, Ibadan (FHI). The abbreviations
employed follow Holmgren e al (1981). In
addition, Flora of West Tropical Africa by
Hutchinson and Dalziel (1972) was consulted for
further clarification.

Data Collection

Fresh leaves at the same leaf stage, with regards to
the same level of insertion on the stem were
collected randomly from plants of the same
chronological age (i.e. at the same level of
branching). Quantitative morphological characters
such as the petiole length and leaf area were
measured. Petiole length was measured using meter
rule while leaf area was calculated using the Pandey
and Singh (2011) method. For foliar epidermal
study, sizeable portions of mature fresh leaves for
each species studied were cut from the median part
of well expanded leaves following previously
established protocols (Saheed and Illoh, 2010;
Ogundare and Saheed, 2012). The leaf portions
were placed in petri-dish containing concentrated
nitric acid (95%) within 5-24 h of cutting,
depending on the nature of the leaf. Both adaxial
and abaxial surfaces were studied by lifting the
unrequired surfaces with forceps. The epidermal
peels from each of adaxial and abaxial surfaces were
separately placed on clean glass slides stained with
Safranin O and mounted in 25% glycerine. Data
were obtained for stomata frequency (average
frequency of stomata per square ocular micrometer
was calculated), stomata size, giant stomata size
(these are stomata that are bigger in size than the
normal stomata and are fewer in number) and
trichome frequency and length.

Transverse sections of the leaves were cut usinga R.
JUNG Heidelberg Rotary microtome (Model:
1130/BIOCUT) set at 20 um thickness. Slides were
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prepared by staining the sections in 1% aqueous
solution of Safranin O for 4-5 minutes, rinsed in 2-
3 changes of water, stained again with alcian blue
for 4-5 minutes, rinsed in 2-3 changes of water and
dehydrated through several grades of alcohol until
lastly absolute alcohol was used. The dehydrated
materials were then mounted in 25% glycerine on
clean glass slides with the edges of covered slip
sealed with nail varnish for microscopic studies.
Data were collected for thickness of the cuticle,
epidermis, palisade and spongy mesophyll tissues.
Observations of the cut sections were done with
the aid of light microscope (Model Leica DM 500)
and microphotographs of important anatomical
characters were made with the aid of an Amscope
camera attached to the ACCUScope microscope.
All quantitative characters were measured using the
calibrated ocular micrometer already inserted in the
eye-piece of the microscope. Twenty different
measurements were obtained for each character per
species (n = 20) while basic statistical methods were
applied for resultinterpretation.

RESULTS

The results of quantitative morphological
characters of the leaf area and petiole length of the
plant species studied are presented in figure 2. The
plant species showed variation in both characters
across the sites, all of which are species-specific.
The general pattern of the data obtained revealed a
significant increase in leaf area and petiole length
of plant species growing in mined and abandoned
sites in comparison to those in the unmined control
site (Figure 2). However, there are variations to this
pattern in some instances. For example, the mean
leaf area of C. odorata reduced significantly (p<0.05)
from 42.34 + 2.82 cm? in the unmined site to 35.38
T 3.41 cm? in the mined but abandoned site and
3434 + 294 cm? in the currently mined site.
However, the reduction in leaf area was not
significantly different from abandoned to the
unmined sites (Figure 2). Petiole length of T.
diversifolia of unmined site reduced significantly
(p<0.05) from 4.52 = 0.27 cm to 4.33 £ 0.38 cm in
abandoned site and 2.52 * 0.29 cm obtained in the
mined site. In W. indica, the mean petiole length
reduced across the three sites with 1.92 £ 0.19 cmin
the unmined site, 1.85 = 0.12 ¢cm in the abandoned
site and 1.76 = 0.13 cm in mined site. The
reductions encountered were not significantly
different (p<0.05) across the three study sites

(Figure 2).
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Figure 2: A - Mean Leaf Area; B - Mean Petiole Length of plant species across the Three Study Sites.
Vertical bars are the SE. Similar letters on top corresponding bars indicate statistically non-significant
differences at p<0.05 for each species

(abaxial); D - Transverse Section of the Leaf of E. coccinea Showing Typical Characters Measured

Legend: SP=Stomata pore; EC = Epidermal cell; UNGT = Unicellular non glandular trichome; MNGT =
Multicellular non glandular trichome; MGT= Multicellular glandular trichome; ST = Stellate trichome; PM=
Palisade Mesophyll; UE= Upper Epidermis; LE= Lower Epidermis; SM= Spongy Mesophyll. Scale A = 55 um; B
=150 wm; C =30 um; D =35 um.
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Examination of the leaf epidermal characters
generally revealed significant increase in stomatal
frequency, epidermal cell number and trichome
frequency on both surfaces in most of the plant
species growing on mined and abandoned as
compared to control sites. This trend is similar to
what was observed with the morphological data.
Conversely, reduced stomata size was observed in
the three sites. Comparatively, for stomatal
frequency, significant increase (p<0.05) was
recorded for T. diversifolia with 4.95 * 0.48 mm-
obtained in the unmined site, 10.45% 0.61 mm-in
the mined site and 16.55 * 0.41 mm- in the
abandoned site. However, the reduction was not
significantly different (p<0.05) for the three sites
in C. odorata on the adaxial surface (Table 1). On
the abaxial surface, significant increase (p<0.05)
was recorded in the stomata frequency in T.
diversifolia from 16.35 = 0.72 mm- in the unmined
to 19.50 = 0.66 mm-in the mined to 21.35 * 0.67
mm- in abandoned sites (Table 2). In C. odorata
however, there was significant (p<0.05) increase in
the stomatal frequency from12.50 = 0.93 mm- of
the unmined site and 13.50 £ 0.89 mm- in the
mined siteand 16.75 £ 0.56 mm- in the abandoned
site. There was no significant difference (p<0.05)
in the stomatal frequency values of mined and
unmined sites (Table 2). Similar trends were
recorded for other characters (epidermal cell
number, stomatal size, giant stomatal number,
epidermal cell length, epidermal cell width, giant
stomata size, non-glandular trichome number,
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glandular trichome number, non-glandular
trichome length and glandular trichome length) in
other species (Tables 1 and 2).

The results from the internal leaf tissues
investigated equally revealed a corresponding
significant increase (p<0.05) in most of the
characters examined which include the mean
cuticle thickness, upper and lower epidermis. A
significantly reduced (p<<0.05) palisade mesophyll
cells occurs in most of the plant species growing
on mined and abandoned sites when compared to
control unmined site (Table 3). For instance, the
upper cuticle of C. odorata increased significantly
(p<0.05) from 2.50 * 0.00 um in unmined to 3.00
1 0.33 um in abandoned and to 4.00 + 0.55 um in
mined sites (Table 3). The thickness of upper
epidermis of W. indica was found to increase
significantly (p<<0.05) from 22.75 £ 1.42 um in
unmined site to 27.00 + 0.62 um in abandoned site
and 44.75 + 2.46 um in mined site. Also, H.
suaveolens reduced significantly (p<0.05) in the
thickness of palisade from 67.75 * 4.62 um
(unmined) to 65.75 £ 2.27 um (mined) to 57.00 *
1.82 um (abandoned), however, there was no
significant difference (p<0.05) between unmined
and mined sites. The results obtained for other
characters (thickness of spongy mesophyll,
thickness of lower cuticle and thickness of lower
epidermis) in other species are presented as shown
in Table 3.
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DISCUSSION

Plants exposed to pollutants from mining respond
by initiating a number of survival strategies which
allow them to develop and grow on such polluted
environment. These strategies evidently engender
alterations to a number of morphological
attributes of such plants. In addition, these
responses have been shown to be species-specific
with different plant species responding differently
to even the same level of pollution (Shahid ez 4/,
2015; Fashola e7 al., 20106; Tiwari and Lata, 2018).
However, understanding the mechanism of the
survival strategies or adaptive modifications of
these plants in response to heavy metal pollution is
very crucial. Morphological characters
investigated in this study focused on changes that
occur to leaves and petioles. Morphological
features and physiological responses are linked to
adaptive characteristics of plants in stressed
environments (Amari ef al.,, 2017). Data from this
study shows that generally a significant increase
(p<0.05) in leaf area and petiole length occurs in
plants growing in polluted sites (mined and
abandoned sites) when compared to those
growing in the unpolluted, unmined environment.
This shows that plants growing in currently mined
area would have to increase their leaves and
petioles in other to cope with the effect of the
pollutants resulting from fresh mining activities.

Singh and Agrawal (2010) and Tran ez a/. (2013)
have reported that Beta vulgaris and Psidium sativum
responded to heavy metal pollution by
significantly increasing their leaf area. However, a
decrease in these parameters was observed in the
current study in 1. diversifolia and A. africana as a
result of exposure to heavy metals. An interesting
outcome of this study is that E. coccinea, a sessile,
non petiolate plant species appears to be the only
species worst hit with the effects of mining
activities as it displayed a continuous decrease in
leaf area. This response perhaps suggests that E.
coccinea may not be able to survive for along time if
mining activities were sustained in the sites.
Reduction in leaf area and other plant parts in
response to heavy metal or air pollution have been
reported in a number of plant species and these
have been considered as adaptive advantages
which enable leaves to develop and function in
habitats marked by such pollution (Stevovic e# al.
2010; Ekpemerechi ez al, 2017). This diverse
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response of the plant species further shows that
responses to heavy metal pollution and changes to
the environment are species-specific (Sumiahadi
and Acar, 2018).

The observed changes in the morphology of the
plants in various sites where they grow are
expected to be as a result of changes in respective
internal tissues. Corresponding changes found to
occur in internal tissues of those plants could best
be used to explain the mechanism that underlies
the observed morphological changes in these
plants. For instance, with the exception of few
species, significant increase (p<0.05) were
recorded in most of the epidermal characters
including stomatal frequency, epidermal cell
number, glandular and non-glandular frequency
and length in heavy metal polluted environments
(mined and abandoned sites) when compared to
unpolluted (unmined) site on both epidermal
surfaces. It is only stomata size that showed
corresponding significant reduction (p<0.05).
Giant stomata (stomata that are bigger than
normal types) were found only on the abaxial
surface in C. odorata and T. diversifolia among other
species studied and their frequencies and sizes
were significantly reduced (p<0.05) in the two
species in polluted sites when compared to
control.

The decrease in the size of stomata is thought to
be an avoidance mechanism against the inhibitory
effect of pollutants on physiological activities of
the plant such as photosynthesis (Gomes e# /.,
2011). These modifications are important
response to the environmental stress which
affected plants used in controlling the absorption
of pollutants (Gostin, 2009; Hassan e al., 2017).
The decrease observed in the sizes of stomatal
aperture as a response to heavy metal pollution is
in line with the hypothesis that metals induce
water stress (Rucin’ska-Sobkowiak, 2016).
Therefore, closed stomata of theleaf are expected
to resultin a slower rate of diffusion due to greater
diffusion gradient of water vapors (Singh e al,
2011; Rucin’ska-Sobkowiak, 2016). The various
effects of water deficit seen on stomata structure
are clear mechanisms which enable plants survive
in stress conditions (Sumiahadi and Acar, 2018).

Another important outcome of this study is the
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general increase in the epidermal cell
characteristics in polluted sites when compared to
the control, though other variations (reduction or
no response) were equally observed. Epidermal
cells have been reported to prevent leaves from
excessive sunlight, as well as control transpiration
in plant species (Nurtjahya e a/, 2011). This
suggests that specific response of each plant
species has to do with the peculiarity of the species
as an individual. However, the reduction observed
in the epidermal cells of some plants growing on
mined site is an important mechanism of
controlling transpiration rate in stressed
environment (Marques ¢zal., 2011; Ekpemerechi ez
al.,2017).

The usefulness of trichome in plants growing in
heavy metals contaminated environment has been
reported by many researchers. Many specific
functions have been ascribed to development of
trichomes such as protection against herbivores
and UV light, storage of toxic metal ions and
increased freezing tolerance (Rafia ez 4/, 2009). In
this study, non-glandular and glandular trichomes
were encountered and the result showed generally
that their characteristics increased significantly
(p<0.05) on the two leaf surfaces in plants
growing on mined and polluted sites, when
compared to those in unmined sites (control)
though with variations in species like C. odorata, T.
diversifoliaand H. suaveolens. According to Rafia ez al.
(2009), the observed significant increases in
trichome frequency of plants growing in Pb
polluted soil serve as means of self-defence
developed by plants under stressed condition.
Increase in trichomes and epidermal cell
modifications in plants were eatlier reported to
enable stomata remain open over a wide range of
water deficits (Singh ez @/, 2011). In addition,
deficiencies in water uptake as well as
accumulation of heavy metals have been reported
to produce greater leaf trichome densities
depending on the species of plants involved (Rafia
etal.,2009).

Results obtained from the current study clearly
indicate that internal tissues of the leaves of all
investigated species experienced either significant
increase or decrease in the size of internal
anatomical characters. This is a clear indication
that responses of plants to mining pollution are
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species-specific. The cuticles (upper and lower)
increased significantly (p<<0.05) in plant species
growing on mining-polluted sites as compared to
the unmined control with the exception of T.
orientalis and H. suaveolens where the cuticles
reduced significantly. The presence of thick
cuticle and dense cell structure are part of the
modifications possessed by plant species for water
conservation and also to withstand environmental
stress (Gomes ez al., 2011; Tiwari and Lata, 2018).
Therefore, any specific or predictable alteration in
cuticle due to heavy metal mining could serve as
diagnostic marker as well as a response of the
affected plant to mining. Significantincrease in the
leaf epidermis has been demonstrated to be
characteristics of plants growing in polluted
environments when compared to those from
unpolluted site (Gomes ¢ al., 2011; Xiong et al.,
2014; Pierart ef al., 2015). Data from this study
corroborates the work of Igbal (1985) which
showed significant reduction in palisade and
spongy parenchyma cellsinleaf of white clover of
a polluted population. In addition, exposures to
heavy metals lead to reduction and collapse in the
size of mesophyll cells (Sridhar ez al, 2005; Zhao et
al., 2000). This phenomena in plants growing on
mining environment is suggested to be adaptive
measures to withstand drought stress (Gomes e#
al.,2011), which has been indicated to increase the
mechanical tissues for plants in order to be able to
withstand effects of drought-related mechanical
stress.

In conclusion, data from this study has elucidated
modifications to some morphological and
anatomical characters of leaves of investigated
plant species due to gemstone mining pollution.
Specifically, this study indicates that plants
generally respond to pollution from mining by
increasing the sizes of their leaves and petioles,
some of which are associated with corresponding
increase in the internal tissues of the leaf. Plant
species that are better adapted to mining-
associated pollution in this study include C.
odorata, T. diversifolia, W. indica, 'T. orientalis and H.
suaveolens while E. coccinea did not. The responses
displayed by the plants could be a strategy of
coping with heavy metal pollution with respect to
regulation of water use efficiency. This conclusion
is not oblivious of the fact that some plant species
studied are at variance to the itemized responses
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and that the responses shown by plants' leaves to
certain abiotic stresses resulting from gemstone
mining can be species-specific. Therefore, the
investigated plant species can be further
scrutinized for use in studies of environmental
pollution.
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