Science World Journal Vol. 18(No 1) 2023
www.scienceworldjournal.org

ISSN: 1597-6343 (Online), ISSN: 2756-391X (Print)
Published by Faculty of Science, Kaduna State University

EFFECTS OF SOIL POLLUTION ON THE GERMINATION, GROWTH,
FRUITING AND LEAF ANATOMY OF ABELMOSCHUS CAILLEI (A
CHEV.) STEVELS MALVACEAE

A. Sagaya", A.A. Abdulrahaman', P.O. Oluwanisola’ and S.B. Tsoho?

Applied Plant Anatomy and Wood Technology Laboratory, Department of Plant Biology, Faculty of Life Sciences, University of llorin, llorin,
Nigeria

2Department of Biology, Nigerian Army University, Biu, Borno State

+2348063052975

*Corresponding Author Email Address:  sagaya.aa@unilorin.edu.ng

ABSTRACT

Spent engine oil is one of the most common pollutants in the world.
Its Disposal has been persistently problematic and adversely
affects plant growth. Effects of different levels (0, 50, 100, 150 and
200 ml respectively in 5 kg of soil) of spent engine oil application
on germination, survival, growth and leaf anatomy of Abelmoschus
caillei (A Chev.) Stevels was investigated using completely
randomized design in five replicates. Data collected on
germination, seedling survival, growth and fruiting were subjected
to the Statistical Package for Social Sciences (SPSS) analyses
version 21.0; while leaf epidermal features were determined using
standard methods. Spent engine oil at 200 ml significantly (P<0.05)
delayed and reduced seed germination from 4 days to 2 weeks for
all plants and by 85.71%; plant height was reduced by 65.74%;
number of leaves by 84.74%; and leaf area by 84.41% compared
to the control. Number of stomata on the abaxial and adaxial
surfaces was increased by 27.99% and 35.02%, respectively;
stomata area on the abaxial and adaxial surfaces was reduced by
97.35%, and 95.59 (p< 0.05) respectively. There was no fruiting.
Application of high concentration of spent oil in soil affected all the
parameters considered in this study. Therefore, soil contamination
with spent engine oil should be properly checked in order to ensure
sustainable plant productivity.

Keywords: Abelmoschus caillei, physiology, anatomy, spent
engine oil

INTRODUCTION

Soil is the most valuable and non-renewable component of farming
which requires proper maintenance for environmental
sustainability. Sustainable use of this natural resource on which
agriculture depends is absolutely necessary for agricultural
productivity. Soil pollution by crude oil and petroleum products such
as fuel oils, spent engine and diesel fuels are presently a menace
in Nigeria, particularly in urban areas (Adenipekun et al., 2009,
Onwuka et al., 2012).

Spent engine oil is a waste lubricating oil collected from automobile
workshops, garages and industrial sources like hydraulics oil,
turbine oil, process oil and metal working fluids (Osuagwu ef al.,
2017).

Spent engine oil affects the physical, chemical and biological
properties of the soil and hence, it is affecting the growth,
development, productivity and yield of plants (Swapna et al., 2021).
Continuous increase in the number of cars and automobile users
in Nigeria and the ways of disposal of this oil are of major concern
to the scientists, agriculturists, environmentalists, and other stake

holders. In the recent time, many scientists (Ahamefule et al., 2017;
Ikhajiagbe et al., 2017; Oluwanisola and AbdulRahaman 2018)
have reported on the implications of the uncontrolled, improper and
indiscriminate disposal of spent engine oils on the soil.

Many authors have investigated and reported the effects of
petroleum oil and spent engine oil on soil and plant. Ahamefule et
al. (2015) noted that petroleum oil in soil have deleterious effects
on biological, chemical and physical properties of the soil
depending on the dose, type of the oil and other factors. Spent
auto-engine oil is known to contain increased amounts of heavy
metals compared to the unused oil. Oluwanisola and
AbdulRahaman (2018) observed that soil contamination with spent
engine oil can alter the physico-chemical properties of the soil and
degrade its capacity to provide suitable habitat for plants’ growth in
such soil. A. esculentus seed germination was delayed or inhibited
due to the presence of spent oil in the soil. Growth, chlorophyll
contentin leaves, Potassium and sodium content, reproduction and
leaf anatomical configuration, were also affected. Ahamefule ef al.
(2017) reported that spent auto engine oil above 1 % viw soil
contamination significantly deteriorated water movement into and
within the experimental soil and consequently the growth and yield
of soybean was adversely affected.

Abelmoschus caillei (A Chev.) Stevels, commonly referred to as
West African okra, originated as an allopolyploid hybrid of A.
esculentus (L.) Moench and A. manihot (L.) Medik. It is cultivated
for fresh pods, leaves, stem and seeds. Due to its high yield and
hardiness, it has become a major source of okra pods in Nigeria
and its cultivation is progressively replacing the conventional type
(Kehinde, 1999; Adeniji and Aremu, 2007). Information on the
effects of pollutants on plant anatomy is limited. This study,
therefore, attempts to establishing the leaf architectural diversity of
A. caillei under the influence of oil contaminated soil, as a pointer
to environmental degradation. The objectives were to assess the
effect of spent engine oil polluted soil on the germination, growth
and fruiting, to determine the effect of spent oil on the anatomical
adaptations of the plant species through their leaf epidermal
diversities and to determine whether there are variations in the
treatment of the species to the pollutants.

MATERIALS AND METHODS

Study Area and collection of materials

The study was carried out at the Botanical Garden of the University
of llorin, llorin, Nigeria with coordinate of 8° 290N, 4° 35°E. The top
soil sample was collected from the Botanical Garden. Seeds of A.
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caillei were obtained from the Ministry of Agriculture, llorin, Kwara
State, while spent engine oil was obtained from Lubcon Oil Ltd,
llorin.

Experimental design

The experimental design used was Randomized complete Block
Design (RCBD) with five replicates of each treatment. The top soil
used was thoroughly mixed with the appropriate spent oil level
before the poly pots were filled up with 5kg weight of the
contaminated soil. The levels of spent engine oil that were used are
0 (control), 50,100, 150 and 200 ml following the method of
Oluwanisola and Abdulrahaman (2018).

Seed viability was determined by the floatation method before ten
viable seeds were planted into the contaminated and
uncontaminated soils in the perforated poly pots and were watered
immediately and afterward every day to field capacity. The
experimental setup was monitored for 7 weeks after planting,
germination and survival patterns were measured from the third

following the description of Steel and Torrie (1981) and significant
differences among treatments were separated using Duncan’s
multiple range tests (DMRT) at P<0.05.

RESULTS

The results for the germination count of the control and treatments
are presented in Table 1. The germination count of the control pots
was significantly higher (ANOVA, P<0.05) than other treatments
from week 1 to week 3. In addition, there were no germinations in
the 200 mL pots at week 1, and it recorded the lowest germination
counts consecutively till 3 weeks. The mean values at week 2 and
3 showed that there was no significant difference in the number of
surviving seedlings among the control, 50 ml and 100 ml plants at
P<0.05.

Table 1. Germination count and number of surviving seedlings as
affected by different concentrations of spent engine oil

day after planting and collated weekly until week three when the Treatment 1 WAP 2 WAP 3 WAP
seedlings were thinned to two per pot. The growth parameters such Control 180+164%  520£110° 42040843
as plant height, number of leaves and leaf area were measured 50 mL 0.40£089% 360x2.70%0  3.00£255%¢
fortnightly with effect from the third week after planting. Plant height 100 mL 0.80+1.300  420+1.345  3.20+2.05%
(cm) was measured with a meter rule from the top soil level to the 150 mL 0.20+0 450 1602510 1.00+1.730c
terminal bud from four weeks after planting (WAP). Numbers of 200 mL 0.00+0b 0404089  (0.H0+089c

leaves were determined by visually counting the number of leaves
per plant per pot per treatment. Leaf area determination was done
by measuring the length and breadth of the leaf and correction
factor of 0.75 was used to multiply the length and breadth
measurements. Yield parameters: number of fruits, fruit length,
fresh and dry weights of fruits were determined at weeks 7 and 8
using the method of Ikhajiagbe et al. (2017).

Anatomical study

A leaf segment of an area of 1cm square from each specimen was
cut and immersed in a concentrated solution of nitric acid in petri
dishes for maceration. The samples were then rinsed in several
changes of water to rinse off the acid. The upper (adaxial) and

Values with the same letters within column are not significantly
different from each other.

The height of the control and 50 ml plants was not significantly
different (ANOVA, P<0.05) from week 3 to 7. The lowest recorded
heights were in 200 ml throughout, although they were not
significantly different from plants in the 150 ml pots at P<0.05. The
100ml plants were not significantly different from any of the other
treatments at week 3 (Table 2).

Table 2. Plant heights as affected by different concentrations of
spent engine oil

lower (abaxial) membranes were separated from the mesophyll Treatment 3 WAP (cm) 5 WAP (cm) 7 WAP (cm)
using fine forceps and dissecting needles, the membranes were Control 10.20£228%  15.80x25% 21602410
then rinsed in water. The specimens were stained in 1% safranin 50 mL 10.00+1.228  1560+152% 22 00+2 742
solution for about five minutes, excess stain was wiped with tissue 100 mL 6.20+3.830 118046830 16.20+0.42%
paper. They were then mounted in glycerine on a microscope glass 150 mL 3.60+4.03b 6.20+8 50b 7.60+10.500
slide in order to prevent dryness in the course of temporary 200 mL 3 3044 A4b 5.60+7 B70 7 A0+10 140

preservation. Observations of the leaf cuticles were made using a
binocular light microscope. The stomatal complex types present
were identified following Dilcher (1974) using the field of view at
x40. The number of subsidiary cells per stoma was counted. The
number of stomata and epidermal cells per millimetre was also
determined.

All the qualitative attributes such as types of trichomes and
stomatal complexes, frequency of trichomes and stomatal complex
types, density of trichomes and stomata, indices of trichomes,
stomata and their sizes were determined following methods of
Franco (1939), Stace (1965) and Obiremi and Oladele (2001). The
terminologies used for description of trichomes and stomatal
complexes are according to Dilcher (1974) and Metcalfe and Chalk
(1988). Hand drawings of observations were taken. Data generated
were analyzed using the Statistical Package for Social Sciences
(SPSS) version 21. After testing the homogeneity of variance and
normality of data, one way ANOVA at P <0.05 was performed

Values with the same letters within column are not significantly
different from each other.

The leaf count for the control and 50 ml plants are not significantly
different from each other; but were however, significantly higher
than 150 ml and 200 ml pots, and the 100 ml plants only differ
significantly from the control at week 5 at P< 0.05. The 150 ml and
200 ml plants were statistically the same throughout; however, the
200 ml plants had the lowest recorded leaves numbers. The control
plants have the highest recorded number of leaves (Table 3).

Table 3. Number of leaves of plants as affected by different
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concentrations of spent engine oil

Treatment 3 WAP 5 WAP 7 WAP
Control 5201102 10.80x192%  11.80%148=
50 mL 420+084  960+1520  10.60%1.14=
100 mL 3.20x2.1780  B.00£3 670 7.80+4.602
150 mL 1.40£1.950 2204303 2.80+3.900
200 mL 1.20£179 2204319 1.80+2 680

Values with the same letters within column are not significantly

different from each other.

The leaf areas were also observed to decrease progressively as
the concentration of pollutant increases from the control to the 200
ml plants, the control plants having the highest leaf area and the
200 ml plants the lowest. The leaf area of the control was
significantly different from all the treatment plants at week, The 50
ml plants had no significant difference from, both control and 100
ml plants at week 5, and control plants at week 7 at P< 0.05. The
leaf area parameters of the control and all treatment concentrations
were observed to increase sequentially from week 3 to week 7

(Table 4).

Table 4. Leaf area of plants as affected by different concentrations

of spent engine oil

Treatment 3WAP(cm?) SWAP(cm? 7 WAP (cm?)
Control 8.13+061= 24 73+1832 708647122
50 mL 4.91+0.580 21.08+092%  5540+3 69
100 mL 29441 708 14.34+8 100 34 93+19 940
150 mL 1.06+1.479 5 47+7 50 15.01+20 56¢
200 mL 0.68+0.934 4334593 11.05+15.17¢

Values with the same letters within column are not significantly

different from each other.

There was no significant different between the control, 50 ml and
100 ml in the fruit length, fresh weight and dry weight, the fruit
number of the control is statistically different from all the treatment
pot at P< 0.05. In addition, only the 150 ml plants differ from them.
The number of fruits decreased progressively as the concentration
of the pollutant increased from the control to 200 ml plants, with the
control and 200 ml having the statistical highest and no fruit

respectively (Table 5).

Table 5. Yield and fruit parameters as affected by different

concentrations of spent engine oil

Figure 1. The epidermal features, i: paracytic stomata with
irregularly shaped accessory and epidermal cells, ii: paracytic
stomata and somewhat elongate epidermal and accessory cells
with curved walls, iii: paracytic stomata and accessory and
epidermal cells with somewhat straight walls.

The number of stomata and epidermal cells tend to increase with
increase in pollutant concentration (47.70 — 64.00 for adaxial and
58.60 - 75.00 for abaxial) while the stomatal index tend to reduce
(27.21 -21.75 for adaxial and 27.41 - 23.33 for abaxial) gradually
as spent oil concentration increases with variations between
abaxial and adaxial surfaces. The stomata number on the abaxial
leaf surfaces were always significantly higher than those of the
adaxial surface for all treatments at P< 0.05 (Table 6).

Table 6: Influence of different concentrations of spent engine oil on
stomata and epidermal features

Treatment  Fruit Length Fruit
(cm) Number (g)

Fruit FW

Fruit DW

(@)
Control 662376 17.80x2.17¢ 584+009° 0532028
50 mL 404+065 10.80£2.30 6.20+1.27% 0.44+0.12
5.00+3.16° 6.78+£379° 0.5520.428
0.20£045¢  0.48+1.07°  0.0320.06°
0.00£0.00° 0.00£0.00° 0.00x0.00°

100 mL 530+3.812
150 mL 0.360.80°
200 mL 0.00+0.00°

Values with the same letters within column are not significantly

different from each other.

The stomatal complex type observed is paracytic (i.e., stomata that
possess one or more pairs of subsidiary cells oriented parallel to
the guard cells) (Figure 1). Although variations exist in the
epidermal cell shape and anticlinal wall, the basic stomatal
appearance was retained and the leaves were observed to be

amphistomatic (i.e. having stomata only on the adaxial surface).

Treatment Leaf Stomatal number  Epidermal cell  Stomatal
surface (mm?) number (mm?)  index (%)

Control Adaxial 47 4044 16° 126.80+6.65° 2721
Abaxial 58.60+2.70¢ 155.20+14 .89¢ 2741

50 mL Adaxial 50.00£5.708 135.60+9.07° 26.94
Abaxial 63.60+3.05° 175.20+6.14¢ 2663
100 mL Adaxial 53.40+2.61¢ 182.80+7.46¢ 2261
Abaxial §2.00+2.925 205.60+7.73¢ 2317
150 mL Adaxial 64.60+£2.07° 252.40+10.142 20.38
Abaxial 75.60+2.512 259.40+8.38° 22.57
200 MI Adaxial 64.00+£3.39° 234.20+15.35 2175
Abaxial 75.00+4.642 246.40+22.38% 23.33

Values with the same letters within column are not significantly
different from each other.

The stomatal count of the control plants was significantly lower than
the 100 ml, 150 ml and 200 ml treatment plants and the 200 ml
plants were consistently significantly higher than the control and 50
ml plants. The highest stomatal area observed was 563.11 um and
the lowest was 14.13 um (Table 7).
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Table 7. Stomatal size as influenced by different concentrations of
spent engine oil contamination

Treatment Leaf Stomatal Stomatal Stomatal
surface length breadth area
(pum) (pum) (pm?)
Control Adaxial 2640 19.70 408.39
Abaxial 31.30 21.70 53334
50 mL Adaxial 2460 16.50 31873
Abaxial 33.20 21.60 563.11
100 mL Adaxial 23.90 16.50 309 95
Abaxial 25.70 16.40 33098

150 mL Adaxial  9.80 8.10 62.33
Abaxial  11.70 8.60 79.01
200 mL Adaxial 440 520 17.97
Abaxial  5.00 3.60 1413

The trichome types observed were simple unicellular, branched
unicellular and multicellular trichomes (Figure 2). Walls were
observed to be thick and smooth; the trichomes were pointed at the
distal end on the adaxial surface of the leaves. The unicellular
trichome was observed to be of the highest frequency, density and
index followed by the branched unicellular trichome in both the
adaxial and abaxial surfaces.

a b c

Figure 2. Trichome types observed in the study, a- simple
unicellular trichome; b- branched unicellular trichome and c-
multicellular trichome

The multicellular trichome had the least average frequency
percentage of 14.28 and 20.00 for adaxial and abaxial respectively
in the control and 13.33 and 19.05 for adaxial and abaxial
respectively in treatment plant while the least average density of
1.56 and 1.90 for adaxial and abaxial respectively in the control and
0.85 and 1.52 for adaxial and abaxial respectively in treatment
plants (Table 8).

Table 8. Trichome parameter as affected by different concentrations of spent oil pollution

Treatment Leaf Trichome type Trichome Trichome Trichome
surface frequency  density  Index (%)
(%) {mm?)
Control Adaxial Unicellular o714 8 597
Branched unicellular 2857 4 3.08
Multicellular 14.28 2 1.56
Abaxial Unicellular 50.00 9 549
Branched unicellular 20,00 3 1.90
Multicellular 20.00 3 1.90
50 mL Adaxial Unicellular 60.00 9 6.25
Branched unicellular 26.67 4 2.88
Multicellular 13.33 2 1.46
Abaxial Unicellular 5333 8 437
Branched unicellular 2667 4 223
Multicellular 20.00 3 1.68
100 mL Adaxial Unicellular 5555 10 hH
Branched unicellular 2778 5 267
Multicellular 16.67 3 1.62
Abaxial Unicellular 55.00 1 509
Branched unicellular 2500 5 2.38
Multicellular 20.00 4 1.9
150 mL Adaxial Unicellular 50.00 12 455
Branched unicellular 25.00 5 1.95
Multicellular 15.00 3 118
Abaxial Unicellular 52.38 1 407
Branched unicellular 2857 B 227
Multicellular 19.05 4 1.52
200 mL Adaxial Unicellular 60.00 9 370
Branched unicellular 26 67 4 1.68
Multicellular 13.33 2 0.85
Abaxial Unicellular 56.25 9 353
Branched unicellular 18.75 3 1.2
Multicellular 25.00 4 1.60
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DISCUSSION

The result of germination of the African okra seeds used in the
experiment varies in oil contaminated soils with spent engine oil.
Germination was recorded for all the treatment and there was
reduction in the days of germination as the concentration of spent
engine oil increased in the soil samples compared to the control
and this was statistically significant at P<0.05. The control pots
germinated within 4 to 10 days after planting, while seeds in
contaminated soils germinated slowly from the 6% day and
continued until about 3 weeks after planting. The delay in then
contaminated soils might be as a result of the volatile nature of the
spent engine oil which melt into the soil and unable the seeds to
imbibe enough water for germination. It is obvious that oil in soil
could have affected the biological oxygen demand (BOD) level,
thereby interfering with normal gaseous exchange which is
required for germination and growth performance. Oluwanisola and
Abdulrahaman, (2018) reported delayed in two varieties of okra
seeds when polluted with spent engine oil. Also, Nwoko et al.
(2007) observed that spent engine oil soil-plant microenvironment
affects normal soil chemistry thereby reducing uptake and release
of nutrient. This result was also in tandem with the report of
Osuagwu et al. (2017) that germination percentage, days to
germination and rate of germination of A. hypogea, Z. mays and V.
unguiculata in spent engine oil contaminated soil increased the
germination percentage, days to germination and rate of
germination decreased. There was a significant difference among
the treatment compared with the control (P<0.05)

Osawuru and Abioye (2012) also reported delay in the germination
of A. esculentus in spent engine oil treated soils. Agbogidi and
Enujeke (2012) reported a significant oil-dose dependent reduction
in the germination percentage of Arachis hypogaea seeds planted
in spent oil contaminated soil. They also observed delay in seedling
emergence in the contaminated soils.

The plant height, number of leaves and leaf area of the plants were
affected by the spent engine oil and the results tend toward the
same way as the concentrations of the oil increased, the vegetative
parameter reduced. Statistical analysis of the vegetative growth
showed that there is significant difference in all the vegetative
parameter studied. The effect of the spent engine oil was more
obvious on the contaminated soil-plant than those of the control.
The plants in control soils with their roots undisturbed could have
absorbed enough nutrients when compared to the seedlings
exposed to higher spent engine oil treatment. These findings
support the report of Onwusiri et al. (2017) that the mean leaf
number, leaf area and plant heights of fluted pumpkin decreased
with increasing level of contamination with spent engine oil. They
reported that the mean leaf number, leaf area and plant heights of
fluted pumpkin decreased with increasing level of contamination
with spent engine oil. Also, Osawuru and Abioye (2012) on their
work on A. esculentus where the control plants grew better than
plants sowed in soils treated with spent oil

Agbogidi and Eruotor (2012) reported that spent engine oil
contamination on soil significantly affected the heights, number of
leaves, collar diameter and leaf area of seedlings with reductions
in these parameters being concentration dependent. Nwoko et al.
(2007) reported that the presence of spent engine oil in the soil-
plant microenvironment appeared to have an effect on the normal

soil chemistry such that nutrient release and uptake as well as the
amount of water could be reduced. Vwioko and Fashemi (2005)
among many other authors have reported that reduction in plant
height is a visible effect of substances that are toxic, and thus,
inhibit plant growth.

The concentration-dependent reduction in leaf area and number of
leaves agrees with the reports of Agbogidi et al. (2005), Vwioko
and Fashemi (2005) and Sharifi et al. (2007). According to
Kathirvelan and Kalaiselvan (2007) the leaf surface area greatly
determines the amount of carbon gained through photosynthesis,
the amount of water lost through transpiration and ultimately the
crop yield. Therefore, the reduction of the leaf area as was
observed in this study implies that there would be a low
photosynthetic efficiency of the plant as much of the solar energy
emitted by the sun would not be absorbed by plants for
photosynthesis which in turn lead to low yields of the plants.
Previous study by Okon and Mbong (2013) showed that there was
significant reduction in parameters such as plant height, number of
nodes, leaf area of okra sown on engine oil polluted soil, whereas,
the parameters were improved in polluted soil which were
amended with poultry droppings. The works of Odjegba and Sadiq
(2002); Sun et al. (2004); Adedokun and Ataga (2007); Njoku et al.
(2008) and Okon et al. (2012) reported observations similar to the
findings of this work on growth parameters. Walker et al. (2001)
reported that availability of nitrogen in the soil directly affects the
relative growth rate of plants. Agbogidi et al. (2005) also, stressed
that petroleum-products are known to reduce nitrogen availability
and can have adverse effects on the plant growth parameters with
changes in percentage concentration. This work was also in
support of the work of Swapna et al. (2021) who reported that spent
engine oil had a prominent negative impact on the soil
characteristics, plant growth and the phytochemical content of
Amaranthus hybridus. In their work, the most critical soil
parameters like pH, organic carbon, bulk density, particle density,
etc. were got increased and electrical conductivity, nitrogen,
phosphorus, potassium, water holding capacity, and porosity were
decreased as the concentration of spent engine oil in the sail
increased.

The significant percentage differences observed in the yield
parameters such as length, dry weight, fresh weight and number of
fruits could be attributed to the high level of oil in soil and hence the
uptake of ions and nutrients carried out by the roots becomes
difficult (Onwusiri et al. 2017). The control and spent oil treatment
plants were compared and a concentration dependent reduction in
these parameters was observed in the control and the treatment
plants except for the 200 ml pots which did not fruit throughout.

The plants in control soils with their roots undisturbed could have
absorbed enough nutrients when compared to the those exposed
to higher spent engine oil treatment. Agbogidi (2010) reported that
a reduction in shoot growth is a direct resultant effect of engine oil
pollution in the root growths as roots are input organs for the
absorption and translocation of water and mineral nutrients.
Furthermore, Agbogidi and Eshegbeyi (2006) noted that
hydrocarbons from oil contaminated soils accumulate in the
chloroplast of plant leaves. This makes the photosynthetic ability of
the leaves become reduced, thereby affecting translocation in
affected plants which might be due to obstruction of the xylem and
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phloem vessels consequently causing reduction in photosynthetic
products and dry matter content of the entire plants.

Little is known about the role of the plant cell wall and its binding
properties in relation to spent oil tolerance. However, what is
reported on has been somewhat controversial. In soil solution, the
root cell wall is in direct contact with the metals, so the adsorption
of metals onto the cell wall must be low. However, Mehes-Smith et
al., (2013) reported that a significant amount of metal accumulation
occurred between the cell wall and the cell membrane

The influence of pollutant in contaminated soils or concentrations
of these elements in plants has been widely studied and it is
generally accepted that total oil concentrations in soil do not
provide a good indication of the levels potentially available to plants
(Ullrich et al., 1999).

The present study showed that stomatal and trichome types
observed remain unchanged for all treatments as the basic
architectural design did not change under the influence of spent
engine oil pollution. This is an indication that they are stable and
are of good taxonomic indicator. Alege et al. (2013) expressed that
such stability is under strong genetic control and may play a
significant role in taxonomy. However, the stomatal size, subsidiary
and epidermal cell sizes were reduced while the density of stomata
and epidermal cell were observed to be increased with increase in
pollutant concentration. This significant variation was in agreement
with the findings of Oluwanisola and Abdulrahaman, (2018), they
observed significant variations in stomatal size, density accessory
and ordinary epidermal cell sizes, which were observed to reduce
with increase in pollutant concentration. Komolafe et al. (2015)
reported that higher concentration of pollutants is responsible for
the broken and scattered epidermal cells and smaller sizes of the
stomata in Guinea corn. These were also observed in both control
and treatment plants but were much in the treatment plants. Since
the reduction in the amount of water available by the presence of
spent oil in the soil was inevitable, it is likely that these features
were elaborated to cope with the drought.

Conclusion

The results of this study have demonstrated that soil contamination
with spent engine oil reduces the capacity of plant growth in soil.
Spent oil pollution delayed or inhibited the germination of seeds
sown in the soil; growth and leaf anatomical configuration were also
significantly affected. In order to avoid economic loss through low
productivity of crops, and prevent alterations in plant anatomic
makeup, it is recommended that soil amendment be done on soils
polluted with spent engine oil and its associated products before
crops such as West African okra are cultivated.
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