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Abstract

Bioindicators

Background With the rapid increase in industrialization, irrigation through waste or sewage water is a common
practice due to low and scarce freshwater supply. Plants are exposed to hazardous metals that accumulate in plant
tissues and negatively affect them. Therefore, current study aimed to investigate the phytodiversity and morpho-
anatomical modification of wild plants irrigated by tannery effluents. Six wild plant species were collected

from different sites of Multan near tannery industries through the quadrate method.

Results Results indicated that Cynodon dactylon L. had the highest relative cover, relative frequency, relative density,
and important index value, i.e, 35, 10, 30, and 75% followed by other species. The morpho-anatomical modifications
showed a reduction in leaf characteristics in C. dactylon, Eragrostis barrelieri Daveau, Polypogon monpeliensis L.,
Solanum nigrum L, Triticum aestivum L., except in Asparagus adscendens Roxb. A decrease in leaf length was observed
in all species with maximum reduction of 55% in T. gestivum followed by P monpeliensis. Similarly, reduction

in metaxylem area was observed in T. aestivum, whereas sclerenchymatous thickness found to increase in P
monpeliensis by 15%. Asparagus adscendens showed decrease by 70% in comparison to other species.

Conclusion Variation in the trend of the morpho-anatomical parameters as well as phytodiversity helps
to understand the tolerance potential of the wild plants under wastewater irrigation released by tannery industries
and that adverse developmental features in wild plants could be used as bioindicators of toxic heavy metal pollution.

Keywords Plant adaptations, Anatomical changes, Tannery wastewater, Water pollution, Environmental stress,

1 Introduction

Water pollution is one of the major environmental con-
cerns all over the world [1]. It is defined as the con-
tamination of the water due to rapid industrialization,
excessive exhaustion, and waste, mainly garbage [2]. One
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of the major industries, tannery, deals in treating many
skins and hides of animals to produce leather [3]. Data
collected from different countries showed that each year,
about three hundred million bits of cowhides are handled
and processed to make leather and consequently these
industries release about three hundred million tons of
wastewater [4].

Leather industry in Pakistan plays a crucial role in
the economy, ranking as the second-largest export-
earning sector and contributing approximately 5% to
the national GDP [5]. Employing over 500,000 people
[6], the industry has experienced steady growth, with
export earnings reaching 700 million US$ in 2013 [7]
and rising to 724 million US$ in 2014-15 [6]. The major
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leather production hubs are located in Karachi, Sialkot,
Kasur, Lahore, Gujranwala, Multan, and Peshawar [8].
The sector is broadly divided into six subindustries:
leather tanning, footwear, garments, gloves, shoe uppers,
and other leather goods. Internationally, Pakistan is
recognized for its superior-quality leather products,
ranking 21st in the global market and contributing 6.17%
to leather garments, 1.12% to hides and skins, 10.76% to
leather gloves, 0.28% to leather footwear, and 0.21% to
other leather products [5]. In 2014, the country’s leather
exports totaled 0.7 billion US$, with gloves leading the
market at 0.3 billion US$, securing Pakistan’s position
as the world’s top exporter of leather gloves [6]. Despite
its economic contributions, the leather industry is
also one of the most water-intensive sectors. Tanning
a single ton of leather requires up to 4,000 L of water,
and the wastewater generated during this process is
often discharged untreated into natural water bodies
[6]. This effluent, laden with toxic chemicals, severely
contaminates groundwater sources, which serve as a
primary source of drinking water. A single tannery has
the potential to pollute groundwater within a 7-8 km
radius, posing serious environmental and health risks
to humans, animals, and aquatic ecosystems [6]. With
Pakistan’s growing prominence in the international
leather market, the challenge lies in balancing industrial
expansion with sustainable environmental practices.
Irrigation through waste or sewage water is a com-
mon practice due to low and scarce freshwater sup-
ply [9]. The tannery industry releases wastewater that
majorly includes lead, chromium, organic and inorganic
compounds, suspended and dissolved solids as well as
sulfides [10]. The effluents discharged from leather indus-
tries accumulate in plant tissues and reduce biomass,
synthesis of chlorophyll, proteins and nitrates [11] that
resulting in chlorosis, stunted growth, and death [12].
Industrial pollution in Pakistan has emerged as a signifi-
cant environmental challenge, driven by the rapid growth
of industries such as textiles, tanneries, and chemical
manufacturing [13]. Among these, the leather industry is
a major contributor, with tannery operations discharging
large volumes of untreated wastewater containing toxic
substances like chromium, heavy metals, and organic
pollutants into surrounding water bodies [14]. This not
only compromises water quality, but also leads to soil
contamination, adversely affecting both local ecosystems
and public health. Furthermore, air pollution from indus-
trial activities exacerbates respiratory problems in nearby
communities, while improper waste disposal continues to
degrade the environment [15]. The cumulative impact of
these pollutants presents a serious threat to both human
well-being and biodiversity. Effective mitigation of indus-
trial pollution in Pakistan requires the implementation of
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stricter regulations, enhanced waste treatment processes,
and the adoption of cleaner, more sustainable industrial
practices to safeguard both the environment and public
health.

Wheat or bread wheat is encouraged to be cultivated
across Pakistan as a main staple food [16]. Irrigation
with wastewater causes the accumulation of heavy met-
als in plant tissues reducing the yield [17], growth [18],
and morpho-physiological as well as anatomical reduc-
tion [19]. The heavy metal-contaminated grain affects
the human body and leads to ulcer, lung cancer, and fatal
liver diseases [20]. Nightshade plant or Mako is a peren-
nial or annual weed that has the ability to grow fast [21].
Various parameters have been experimented by growing
S. nigrum under heavy metal stresses that showed altera-
tion in seedlings [22] as well as cell wall components [23].
Eragrostis barrelieri is an annual herb. It contains fertile
spikelets. It is commonly called love grass or cane grass.
Bermuda grass is a summer-season species with extraor-
dinary turfs quality like those found in fields, parks, gar-
dens as well as golf courses [24]. Polypogon monspeliensis
or rabbit-foot grass is an intrusive monocot grass that
is hypothetically valuable for foodstuff, decoration, and
fodder [25].

Heavy metal adaptations in plants involve various mor-
phological, physiological, and anatomical modifications
to mitigate metal toxicity. Heavy metal adaptations in 7.
aestivum and S. nigrum involve various morphological,
physiological, and anatomical modifications to mitigate
cadmium (Cd) toxicity [26, 27]. In wheat, exposure to dif-
ferent Cd concentrations (0, 50, 100, 200, and 400 pM)
resulted in Cd accumulation in different plant parts, lead-
ing to reductions in growth and development [27]. How-
ever, wheat plants managed lower stress levels, indicating
a degree of tolerance. In tomato, Cd exposure restricted
both fresh and dry mass of leaves and internodes, with
a notable reduction in internode length, diameter, and
leaf area. Morphological changes included altered stem
morphogenesis, cellular division disorders, and abnor-
mal enlargement of cortical and medullary cells. High
Cd levels (100 pM CdCl,) caused a decrease in meso-
phyll cell size and spongy intercellular spaces, leading to
leaf blade thinning. Despite these negative effects, wheat
and tomato plants demonstrated adaptive responses such
as modifications in stomatal density, tissue structural
changes, and adjustments in photosynthetic activity to
tolerate Cd stress. Similar under NaCl stress, C. dactylon
showed thickness in sclerenchymatous cells [28].

Plants show morpho-anatomical adaptations as well
as variation in diversity when they are continuously
exposed to environmental pollution. The objectives of
this study were to investigate the phytodiversity within
the selected area and evaluate the effects of pollution on
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local plant species. The study aimed to establish a cor-
relation between the morpho-anatomical characteristics
of leaves under both normal and polluted conditions.
Additionally, the research sought to assess the sensitivity
of plant leaves to pollution and compare the responses of
various plant species by analyzing their leaf anatomical
structures. Through these objectives, the study aimed to
provide a comprehensive understanding of how pollu-
tion influences plant morphology and anatomy, as well as
their adaptive responses to environmental stressors.

2 Materials and methods

2.1 Study site and sampling

This study was conducted in the industrial zones of
Multan, Punjab, Pakistan (30°12" latitude and 71°28
longitude) to assess the phytodiversity and morpho-ana-
tomical adaptations of plant species exposed to tannery
effluents. Samples of effluents and soil were collected
for heavy metal analysis as depicted in Table 1 [29]. The
selection of plant species was based on their prevalence
in polluted areas and their ecological significance. These
species were commonly at the study site, suggesting
natural adaptations to the contaminated environment.
Moreover, their potential to exhibit their potential to
exhibit morpho-anatomical modifications in response
to pollution stress, making them suitable indicators for
assessing the impact of tannery effluents on plant physi-
ology. Selection criteria ensured that plants from both
sites belonged to the same species and were at a similar
developmental stage. Since exact chronological age was
unknown, plants were chosen based on comparable mor-
phological attributes. This approach helped standard-
ize comparisons and allowed for an accurate assessment
of the impact of tannery effluents on plant growth and
structure.

Plant sampling was carried out using the quadrate
method [30]. In this, quadrates were randomly placed
across the selected sites to identify and collect the most
dominant species. A total of six plant species were selected
from the polluted site including A. adscendens (Asparagus
fern, Safed Musli), C. dactylon (Bermuda grass, Khabbal),
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E. barrelieri (Love-grass, Chiri ghas), P monpeliensis
(Annual beard grass), S. migrum (Black-nightshade,
Mako), and T. aestivum (Wheat, Gandam). To ensure a
comprehensive analysis, control plants were collected
from the unpolluted environment of Cholistan Institute of
Desert, Bahawalpur, Pakistan. The following formulae were
used for the collection of ecological data:

Total number of individuals of a species
x 100

Density =
R Total area of quadrats

Densityof a species

Relative density of a species = 100

Total density of all species x

Total number quadrats in which a species existed

F =
B s Total area of quadrats sampled

x 100

Frequency of a species

Relative density of ies = 100
clative density 012 Specles = Total frequency of all species
Cover = Total percent cover of a species
) Percent cover of a species
Relative cover = 100

Total percent cover of all species

Important index value = Relative density
+ Relative frequency + Relative cover

2.2 Determination of morphological attributes

Morphological parameters such as leaf length (mm),
leaf width (mm), leaf area (mm?), and internode length
(cm) were measured before preservation to ensure that
the plant samples retained their natural dimensions.
These measurements were taken using a ruler and
digital calipers, while the leaf area was calculated either
by using a formula. Plant samples were preserved by
placing the leaves in a plastic bottle containing a fixative
solution of formalin, acetic acid, alcohol (FAA), which

Table 1 Summarized statistical distribution of heavy metals in tannery effluents and soil samples

Na K Ca Mg Fe Mn Cr Ccd Ni Pb
Effluent Minimurn 302 27.1 030 296 007 002 021 001 008 0.10
(mg/b) Maximum 9,194 2,639 1,445 276 166 215 1,383 023 454 280
Mean 5494 946 566 110 335 044 209 010 465 097
Soil Minimumn 6,300 820 555 68.0 012 031 055 009 048 050
(mg/kg) Maximurn 13,640 14,060 30,805 39,911 490 60.5 1,187 9.00 101 585
Mean 10,021 6,796 9272 9,957 235 184 496 294 555 212
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Fig. 2 Morphological characters of six wild species collected from control and industrial polluted waters. Graphs represent the means + SE (n=3).
Different letters above each bar indicate statistically significant differences between groups as determined by the LSD test (p<0.05)
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was prepared by adding 90% ethanol, 5% acetic acid,
and 5% formaldehyde. This solution ensured adequate
preservation of the plant tissues [31, 32].

2.3 Leaf preservation and anatomical examinations

Once the morphological measurements were completed,
the plant material was preserved in FAA fixative for ana-
tomical analysis. For anatomical analysis, parameters
such as leaf thickness (um), epidermal thickness (um),
vascular bundle area (um?), metaxylem area (um?), scle-
renchymatous thickness (um), stomatal density, and
stomatal area (um?) were examined. Anatomical exami-
nations followed standard histological methods. Fresh
samples of leaves, stems, and roots from both tannery
effluent-exposed and control sites were fixed in FAA for
tissue preservation. The samples were then embedded
in paraffin wax, and transverse and longitudinal sections
were prepared using a rotary microtome [33]. In cases
requiring freehand sections, a razor blade was employed.
The sections were stained with safranin and fast green to
differentiate tissue types. Finally, the slides were exam-
ined under a light microscope, and anatomical variations,
such as changes in the epidermis, vascular bundles, and
cellular structures, were documented through photo-
micrographs, focusing on stress-related alterations due
to effluent exposure. Magnification of all micrographs
is 20X. The plant samples were immersed in the FAA
fixative for a minimum of 24 h to ensure adequate tis-
sue preservation, and the fixation time was carefully
monitored to prevent over-fixation, which could alter
anatomical integrity. After fixation, the specimens were
processed for further analysis.

2.4 Statistical analysis
The data collected in this study were analyzed using
Statistix 8.1 software. The data were subjected to
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two-way analysis of variance (ANOVA) to assess the
variance among different groups, specifically comparing
the control and tannery effluent-exposed plant samples.
To further examine the differences between the groups,
the least significant difference (LSD) test was applied for
pairwise comparison of means. Statistical significance
was determined at a p-value of less than 0.05, with each
test repeated a minimum of three times to ensure the
reliability of the results. This rigorous statistical approach
strengthened the validity of the findings of study [34].

3 Results

3.1 Phytodiversity

The phytodiversity of the selected area was assessed
using the quadrate method. To evaluate plant diversity,
relative densities were calculated among various species
(»<0.05). Cynodon dactylon had the highest relative
density at 35%, followed by T. aestivum at 15% (Fig. 1a).
The relative frequencies of A. adscendens, C. dactylon,
E. barrelieri, P. monpeliensis, S. nigrum, and T. aestivum
were all recorded at 10%, the highest among other wild
species (Fig. 1b). The relative cover was also highest for
C. dactylon at 30%, followed by A. adscendens at 10%
(Fig. 1c). The highest important index value (IV) was
observed in C. dactylon at 75%, while T. aestivum had an
IV of 35% (Fig. 1d).

3.2 Morphological characters

The results showed significant interaction between
species and treatments (p <0.05). All species exhibited
a significant decline in leaf length under polluted
water conditions (Fig. 2a). The maximum decrease was
recorded in T. aestivum with a 55% reduction under
polluted water. Polypogon monspeliensis also showed
a 50% decrease in leaf length as compared to the
control. Cynodon dactylon and E. barrelieri exhibited
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Fig. 3 Leaf thickness of six wild species collected from control and industrial polluted waters. Graph represent the means + SE (n =3). Different
letters above each bar indicate statistically significant differences between groups as determined by the LSD test (p <0.05)
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(p<0.05)

approximately a 30% reduction in leaf length in plants
collected from the polluted waters. Similarly, all species
showed a significant decline in leaf width under polluted
water conditions (Fig. 2b). The maximum reduction
was recorded in P monspeliensis with a 43% decrease.
Cynodon dactylon showed a 35% decline in leaf width
compared to the control, while S. nigrum and T. aestivum
exhibited a 15% decrease.

Leaf area also showed a significant decline across all
species under polluted water conditions (Fig. 2c). The
highest reduction was observed in P. monspeliensis, with
a 70% decrease. Triticum aestivum showed a 60% reduc-
tion, while E. barrelieri and S. nigrum experienced a 45%
decrease in leaf area. The results indicated significant
effects of species, treatment, and their interaction. All
species showed a significant decline in internode length
under polluted waters (Fig. 2d). The maximum decrease

was recorded in P monspeliensis with a 60% decrease
under polluted waters. Solanum nigrum showed a 40%
reduction, while C. dactylon and E. barrelieri exhibited
decreases of 30% and 4%, respectively.

3.3 Anatomical characters
Figure 3 depicts the distinct pattern of leaf thickness
across different species grown under polluted water
conditions (p<0.05). The greatest reduction was
observed in E. barrelieri, with a 40% decrease under
polluted water. Asparagus adscendens showed a 15%
reduction in leaf thickness compared to the control. In
contrast, C. dactylon exhibited a 15% increase, while
P. monspeliensis showed a slight increase of 5% in leaf
thickness under polluted water conditions.

The statistical results revealed significant effects of
species treatment and their interaction. All species
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Fig.5 Leaf of S. nigrum collected from control and tannery affected area where VB-vascular bundles, LM-lamina, MX-metaxylem, ST-stomata,

EC-epidermal cell

showed a significant increase or decrease in the
epidermal thickness under polluted waters (Fig. 4a). The
most substantial decrease was recorded in S. nigrum
(Fig. 5), with a reduction of over 35%. Conversely, T.
aestivum showed exhibited a 25% increase in epidermal
thickness under polluted waters conditions as compared
to the control (Fig. 8). Similarly, E. barrelieri and C.
dactylon showed 10 and 1% increase in epidermal
thickness collected from polluted waters as compared
to the control (Figs. 6, 7). A similar trend was observed
in the vascular bundle area, where all species exhibited
significant changes under polluted water (Fig. 4b). The
largest decline was recorded in E. barrelieri (Fig. 6), with
a decrease of over 40%. Triticum aestivum showed a
slight 1% reduction (Fig. 8), while A. adscendens and C.
dactylon exhibited increases of 5 and 2%, respectively
(Fig. 7). The metaxylem area also showed significant
variations under polluted water conditions (Fig. 4c). The

highest reduction was recorded in T. aestivum (Fig. 8),
with a 15% decrease. Polypogon monspeliensis, showed
about 10% decrease (Fig. 9), whereas C. dactylon and A.
adscendens exhibited increases of 10 and 3%, respectively
(Fig. 7).

A significant variation was also observed in scleren-
chymatous thickness under polluted water conditions
(Fig. 4d). The E. barrelieri exhibited the highest reduc-
tion, with a 70% decrease (Fig. 6). Triticum aestivum
showed a minor decrease of 2% (Fig. 8), while P mon-
speliensis exhibited a substantial 50% increase (Fig. 9),
and C. dactylon showed a slight increase of 1% in scle-
renchymatous thickness collected from polluted waters
(Fig. 7). Stomatal density showed a significant decline
under polluted water conditions (Fig. 4e). The highest
reduction was recorded in P. monspeliensis (Fig. 9), with a
70% decrease, followed by C. dactylon with a 43% reduc-
tion (Fig. 7). Solanum nigrum and T. aestivum exhibited
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Transverse section of P. monspeliensis at

20X leaf (polluted area)

Epidermal surface view of P.

monspeliensis at 20X leaf (control)

Epidermal surface view of P.

monspeliensis leaf at 20X (polluted area)

Fig. 6 Leaf of E barrelieri collected from control and tannery affected area where VB-vascular bundles, LM-lamina, MX-metaxylem, ST-stomata
(stomata in all grasses are graminaceous type, guard cells dumbbell-shapes with two subsidiary cells), EC-epidermal cell

decreases of 20 and 25%, respectively, in stomatal density
collected from polluted waters (Fig. 5, 8). Results for spe-
cies treatment and interaction between species and treat-
ments showed significant outcomes. All species showed
a significant increase or decrease in the stomatal area
under polluted waters (Fig. 4f). The maximum decrease
was recorded in E. barrelieri of 45% (Fig. 6), followed by
A. adscendens, displaying 5% decrease in stomatal area.
Cynodon dactylon showed 150% increase in the stomatal
area (Fig. 7), while T. aestivum showed 5% increase in the
stomatal area collected from polluted water (Fig. 8).

4 Discussion

Metal toxicity is caused by pollution that affects the
plant by reducing its growth and development [35].
Phytodiversity of the selected area showed highest
relative density, relative frequency, relative cover, and
important index value for C. dactylon, i.e., 35, 10, 30, and
75% followed by other species. Species like C. dactylon,

E. barrelieri, P. monpeliensis, S. nigrum, and T. aestivum
were very sensitive to stress and showed a huge reduction
in leaf characteristics [12]. Asparagus adscendens showed
least reduction because it has cladodes (modified stem)
that camouflage its function like a leaf. Parenchyma
cells in its stem store water that helps A. adscendens
to withstand in stress condition [36]. The reduction
in leaf characteristics of plants exposed to tannery
effluents is primarily due to the toxic effects of heavy
metals, high salinity, and chemical pollutants present
in the wastewater [37]. Heavy metals such as Cd and
Pb interfere with cellular processes, leading to stunted
leaf growth and reduced leaf number [38]. The high salt
content in the effluents causes osmotic stress, disrupting
water uptake and leading to dehydration, which further
limits leaf expansion [39]. Additionally, the presence
of toxic compounds creates a nutrient imbalance by
hindering the absorption of essential elements like
nitrogen, phosphorus, and potassium, affecting overall
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Transverse section of S. nigrum leaf at

20X (control)

Transverse section of S. nigrum leaf at

20X (polluted area)

Epidermal surface view of S. nigrum leaf

at 20X (control)

Epidermal surface view of S. nigrum leaf

at 20X (polluted area)

Fig. 7 Leaf of C. dactylon collected from control and tannery affected area where VB-vascular bundles, LM-lamina, MX-metaxylem, ST-stomata
(stomata in all grasses are graminaceous type, guard cells dumbbell-shapes with two subsidiary cells), EC-epidermal cell

leaf development [40]. Oxidative stress induced by
these pollutants results in excessive production of
reactive oxygen species (ROS), causing cell damage and
leaf chlorosis [41]. Furthermore, tannery pollutants
can impair chlorophyll content and stomatal function,
reducing the photosynthetic efficiency and leading to
smaller, weaker leaves like in Datura inoxia [42, 43].
Some chemicals in the effluents also interfere with
plant enzymatic activity, disrupting growth and further
inhibiting leaf formation. Such changes in leaf attributes
of Phragmites australis, Moringa oleifera Lam., and
Azadirachta indica have been reported under tannery
effluents [44, 45].

Comparing the anatomical characters, leaf thick-
ness was not much affected. Eragrostis barrelieri, S.
nigrum and T. aestivum showed a significant decrease
in leaf thickness, however, remained unchanged in A.
adscendens, C. dactylon, and P. monspeliensis. The

anatomical comparison showed that these species can
tolerate unfavorable conditions [46]. The decrease in
leaf thickness correlate with one of the reported study
on the aquatic macrophyte exposed to tannery efflu-
ent due to reduction in cell size of plant organs under
stressed conditions [47]. Additionally, the decrease
in leaf thickness under heavy metal stress is closely
linked to reduced water supply to the shoot, caused
by the inhibition of transpiration through the reduc-
tion of intercellular space, lamina thickness, leaf size,
and stomatal density [48]. Epidermal thickness is a
protective layer covering all over the leaf surface. Only
broad-leaved (dicot) species showed a reduction in this
characteristic, but all other species are not affected by
polluted waters or showed significant increase in plants
collected from polluted waters. Vascular bundle area
showed less stability under polluted water, only two
species A. adscendens and C. dactylon showed slight
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Transverse section of C. dactylon leaf at
20X (control)

Transverse section of C. dactylon leaf at

20X (polluted area)

Epidermal surface view of C. dactylon leaf

at 20X (control)

Epidermal surface view of C. dactylon

leaf at 20X (polluted area)

Fig. 8 Leaf of T aestivum collected from control and tannery affected area where VB-vascular bundles, LM-lamina, MX-metaxylem, ST-stomata,

EC-epidermal cell

increase in vascular bundle area. Larger vascular bun-
dles are responsible for better water conduction. The
epidermal cells and vascular bundles of the treated
plants exhibited intense staining, possibly due to metal
deposition as reported in Azolla pinnata [49].
Metaxylem area was significantly decreased under
polluted waters, while remained stable in two species
(A. adscendens and C. dactylon). Asparagus adscendens
has root tubers, therefore, it can store additional water.
Mechanical tissue (sclerenchyma) is a characteristic of
desert species, which provides mechanical strength to
leaf tissue and protects them from desiccation. Polypo-
gon monspeliensis showed significant increase in scleren-
chyma, which may be vital for its successful survival [50].
In contrast, E. barrelieri showed a decline in scleren-
chymatous thickness, which is a pure desert species. This
can affect growth and development of E. barrelieri under
polluted waters regarding these characteristics, because

this species is less exposed to pollution than other spe-
cies with broad range of distribution [51].

Reduction of stomatal density has also been reported
by several authors under polluted water like C. dactylon
and S. nigrum. Treated tannery effluent was found to be
toxic, as it negatively impacted shoot and root length,
and caused abnormal root system structures with
improper root development. Additionally, stomata and
cotyledonary hairs appeared collapsed, and cytological
studies revealed the plasma membrane detaching from
the cell wall [52]. The stomatal area, however, showed
differential response, decreased in three species (A.
adscendens, E. barrelieri, and S. nigrum), increased in
C. dactylon and P. monspeliensis, and not affected in T.
aestivum. This study observed an increase in stomatal
density and closure in plants exposed to tannery sludge
with high metal concentrations, likely due to reduced leaf
area and water stress. These findings align with previous
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Transverse section of 7. aestivum leaf at

20X (control)

Transverse section of 7. aestivum leaf at

20X (polluted area)

Epidermal surface view of 7. aestivum at

20X leaf (control)

Epidermal surface view of T. aestivum leaf

at 20X (polluted area)

Fig. 9 Leaf of P monspeliensis collected from control and tannery affected area where VB-vascular bundles, LM-lamina, MX-metaxylem, ST-stomata
(stomata in all grasses are graminaceous type, guard cells dumbbell-shapes with two subsidiary cells), EC-epidermal cell

research showing stomatal closure under metal stress,
such as in Phaseolus vulgaris exposed to Cd [53] and
sunflower leaves [54]. Stomatal closure may be a strategy
to reduce water loss through transpiration, as metals
disrupt water and solute transport. The closure could
also be due to the inhibition of energy systems or changes
in K* fluxes in guard cells [53].

5 Conclusion

Environmental pollution is a critical issue affecting both
public health and ecosystems. Phytodiversity, which
represents the variety of plant species in a given area,
plays an essential role in assessing the impact of pollution
on plant communities. In this study, the quadrate method
was used to investigate the plant diversity in an area
exposed to tannery effluents. The most dominant species
identified were A. adscendens, C. dactylon, E. barrelieri,
P monspeliensis, S. nigrum, and T. aestivum, with C.

dactylon exhibiting the highest importance index value.
Morphological analysis showed a significant reduction in
leaf length, leaf width, and leaf area across most species,
with T. aestivum experiencing the highest decline in leaf
length (55%). Similarly, anatomical parameters such as
leaf thickness, epidermal thickness, vascular bundle area,
metaxylem area, sclerenchymatous thickness, stomatal
density, and stomatal area exhibited variable responses,
with some increasing and others decreasing depending
on the species. Anatomically, T. aestivum exhibited a
reduction in metaxylem area, while P monspeliensis
showed an increase in sclerenchymatous thickness by
15%. A. adscendens demonstrated a 70% decrease in
certain anatomical features, highlighting species-specific
variations in response to pollution stress. Notably,
stomatal density was consistently lower in all plants
exposed to pollution, highlighting a common response to
environmental stress. Overall, the findings suggest that
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industrial pollution, particularly from tannery effluents,
significantly affects plant morphology and anatomy,
ultimately impacting their growth and development.

Despite these findings, this study has certain limita-
tions. It primarily focuses on morphological and ana-
tomical changes without considering physiological and
biochemical responses such as metal accumulation, pho-
tosynthetic efficiency, and enzymatic activities, which
could provide deeper insights into plant adaptation
mechanisms. Additionally, the study was restricted to a
specific industrial region, limiting the generalizability of
findings across different environmental conditions. The
implications of this research are significant for environ-
mental monitoring and conservation. The observed mor-
pho-anatomical changes suggest that certain wild plants
can serve as bioindicators of heavy metal pollution.
These findings emphasize the urgent need for improved
wastewater treatment strategies in tannery industries
to minimize ecological damage. For future studies, it is
recommended to conduct broader investigations across
multiple industrial zones to compare pollution impacts.
Research on molecular and physiological adaptations of
these plants could provide a deeper understanding of
their tolerance mechanisms.
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