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Abstract

In this study, growth of Abelmoschus esculentus (L.) Moench. was investigated in soils treated with
arsenic ions and inoculated with two fungi two weeks after planting. Aspergillus niger and Aspergillus terreus
were selected out of five isolated fungi from a heavy metal contaminated soil and used to inoculate soils treated
with, 50,100 and 150 ppm As’ ion solutions. Abelmoschus esculentus plant growth was measured, where data
were collected for germination, morphological and reproductive characters, chlorophyll content, activities of
nitrate reductase, catalase (CAT), and super oxide dismutase (SOD). Soil enzymes i.e., urease, phosphatase,
dehydrogenase and cellulases were monitored. Results showed that the two fungal inocula increased number of
leaves. Plant height was increased in both 100 and 150 ppm As®* treated soils from 19.50 ¢cm to 26.86 cm and
17.60 c¢m to 30.97 cm in uninoculated and Aspergillus terreus inoculated soils, respectively. Delayed flowering
was observed in plants grown in the As?* treated soils. The fungal inocula affected SOD and CAT activities in
leaves of Abelmoschus esculentus, in As® treatments. At S0ppm and 100ppm, inoculation with A. niger and A.
terreus significantly reduced SOD activity. Fungal inoculation stimulated phosphatase and cellulases
production in the As* treated soils. This study clearly shows that the soil inoculants immensely contributed to
alleviating heavy metal stress encountered by plants.
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Introduction

Soil is one of the most important resources for human survival and development. It is also one of the
most endangered parts of our environment, that is exposed to a variety of environmental pollutants arising
from human, industrial and agricultural activities (Morton-Bermea ez 4/., 2002). Materials and chemicals from
mine tailings, high metal wastes, leaded gasoline and paints, land application of fertilizers, animal manures,
sewage sludge, pesticides, wastewater from irrigation, coal combustion residues, spillage of petrochemicals, and
atmospheric deposition can accumulate and cause soil contamination and pollution (Khan ez 4/., 2008, Zhang
et al., 2010).
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Heavy metals constitute a group of soil pollutants, which are dangerous to plant and animal health.
Heavy metal contamination of the environment is a global problem; because they are able to accumulate in the
different parts of food chain and cannot be casily broken down as organic pollutants (Doumett ¢ 4/., 2008).
Heavy metals found at contaminated sites include lead (Pb), chromium (Cr), arsenic (As), zinc (Zn), cadmium
(Cd), copper (Cu), mercury (Hg) in order of abundance (USEPA, 1996).

Arsenic is non-essential element and it is generally considered toxic to plants. The roots are usually the
first plant part to be exposed to arsenic, where it inhibits root extension and proliferation. Upon translocation
to the shoot, arsenic can severely inhibit plant growth by slowing or arresting expansion and biomass
accumulation, as well as compromising plant reproductive capacity through losses in fertility, yield, and fruit
production (Garg and Singla, 2011; Vwioko and Edobor, 2017). Arsenic availability in soil can disturb normal
functioning of plant metabolism, consequently leading to stunted growth and low crop productivity. At high
concentrations, arsenic interferes with important metabolic processes, which can lead to plant death (Nel ez al.,
2006; Shahid ez al., 2015).

Arsenic is also reported to inhibit the rate of photosynthesis in plants (Nagajyoti ez 4/., 2010; Gusman
et al., 2013). Cellular membranes in plants become damaged when exposed to arsenic, causing electrolyte
leakage (Singh ez 4/.,2006). The exposure of plants to arsenic induces the production of reactive oxygen species
(ROS), like superoxide (Oze—), the hydroxyl radical (OH*), and H,O, (Ahsan ez 4., 2008; Mallick ez 4L,
2011). Reactive oxygen species can damage proteins, amino acids, purine nucleotides and nucleic acids and
cause peroxidation of membrane lipids (Moller ez 4/., 2007). Several researchers (Burlo ez a/., 1999; Carbonell-
Barrachina ez al., 1995; Abedin ez al., 2002; Liu et al., 2005) have reported some symptoms of arsenic toxicity
in plants to include, inhibition of seed germination, reduction in plant height and root length, wilting and
necrosis of leaf blades, decrease in shoot growth and lower fruit and grain yield. Chandra ez a/. (2016) reported
percent reductions in yield of the okra plants subjected to various As(IlI), As(V) and DMA treatments.

Fungi were reported by some researchers for their role in improving plant tolerance in heavy metal
contaminated soils. Ascomycota and Basidiomycota are the most commonly reported fungi groups to detoxify
heavy metals and improve the quality of heavy metal contaminated soils (Narendrula-Kotha and Nkongolo,
2017). However, it has been also observed that nutrient poor but heavy metal contaminated soils are often
primarily colonized by arbuscular mycorrhizal (AM) fungi (Khan ez /., 2000). Fungal associations have been
reported by various authors to improve the growth of different plants under various heavy metal (Cd/Ni)
stresses. The plants include: Arabidopsis (Ike ez a/., 2007), Rapes (Dengez al., 2011), Solanum nigrum (Xiao et
al., 2010), Festuca arundinacea and Festuca pratensis (Soleimani ez al., 2010), Lolium arundinaceum (Ren et al.,
2011).

Salehi ez al. (2016) reported that mycorrhizal inoculation improved survival, growth and volume
production of white poplar plants grown on Pb-polluted soils. Kanwal ez 4/. (2016) also reported that
inoculation with mycorrhizal fungal species in plants had positive impacts on increasing the growth, biomass,
yield, and nutrient contents of plants. They observed better growth performance, biomass, improved nutrients
uptake and higher yields in mycorrhizal treated plants as compared to non-mycorrhizal treated wheat plants
grown on zinc polluted soils. Jiang e al. (2016) stated that both Glomus versiforme and Rbizophagus
intraradices inoculation greatly improved plant growth by increasing phosphorus (P) acquisition and improved
activities of antioxidant enzymes in AMF-inoculated Lonicera japonica planted in Cd-contaminated soil. Khan
and Lee (2013) have reported that under Cu stress, inoculated soybean plants, had significantly higher
Chlorophyll a, b and total carotenoid as compared to non-inoculated soybean plants. Zhang ez /. (2002) and
Massaccesi ez a/. (2002) have suggested that strains/species of Penicillium can mitigate Cd and other metal-
related toxicity, which is attributed to their potential to produce bioactive metabolites or enzymes. Massaccesi
et al. (2002) noted that Penicillium funiculosum can produce gibberellins which can contribute to the ability of

a fungus to convert the toxic metal into stable complexes.
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Okra (Abelmoschus esculentus (L.) Moench) belongs to the family Malvaceae and genus Abelmoschus. It
is known in many English-speaking countries as lady's fingers. The okra plant can be cultivated in tropical,
subtropical and warm temperate regions of the world and, can be grown throughout the year (Abidi ez 4,
2014). Okra can be grown on wide range of soils, but well drained fertile soils with adequate organic matter
produces high yield (Akinyele and Temikotan, 2007). The chromosome number of okra, (272 = 72, 108, 120,
132 and 144) are in regular series of polyploids with # = 12 (Abidi ez al., 2014). Okra is grown for its pods,
which are rich in fibre and vitamins (Andras ez 4/, 2005). The objective of this study was to assess the
performance of Abelmoschus esculentus plants grown in arsenic-treated soil inoculated with Aspergillus niger

and Aspergillus terreus.

Materials and Methods

Plant material
The seeds of Abelmoschus esculentus L. (Moench.) were collected from a local farm at Uselu, Benin City,
Edo State, Nigeria.

Soil sampling for fungi isolation
Soil samples for isolation of fungi were collected from a car spray painter shop, along Ewah Road, New
Benin, Benin City, Edo State, Nigeria.

ILsolation of fungi

Fungi were isolated from the collected soil samples according to Waksman (1927) on PDA (Potato
Dextrose Agar) plates. The PDA plates were incubated at room temperature (32 °C) for 2 to 3 days. Then,
colonies of fungi on the PDA plates were isolated and sub-cultured. Pure cultures of five different isolates were
obtained using fresh PDA plates. Pure cultures of these isolates were sub-cultured and kept on slants for further
use.

Identification of fungi

The fungal isolates were morphologically identified and characterized by observing their morphological
characteristics using lactophenol stain, spores and hyphae as well as the presence or absence of septa etc., and
coloured monographs were recorded and compared with those that appeared in St-Germain and Summerbell

(1996), Ellis and Ellis (1996) and Barnett and Barry, (1998).

Growth of fungi species in As* supplemented media

The fungi isolates were inoculated on media supplemented with different concentration of arsenic III
trioxide, As;O;. The concentrations applied were: 0 ppm (control), 20 ppm, 40 ppm, 60 ppm, 80 ppm and 100
ppm. Daily mycelia extension (cm) of the isolates in culture plates was measured for three days. All treatments
were replicated three times.

Preparation of As™ ion solutions

The arsenic salt used was provided in the form of arsenic III trioxide. The different weights of As,Os
were dissolved in deionized water to prepare specific concentrations in parts per million (ppm). For example,
200 mg, 400 mg and 600 mg of As;Oswere dissolved in 4 litres of deionized water to give 50 ppm, 100 ppm
and 150 ppm respectively.
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Greenhouse experiment

A total of thirty-six (36) plastic bowls were used in the experiment. Soil was air-dried and sieved to
remove stones and other particles. The soil was collected from the Faculty of Agriculture demonstration farm,
University of Benin. Three kilogrammes (3 kg) of the sieved soil were then weighed and packaged in each
perforated plastic bowl.

Application of As* solutions to experimental pots

Each experimental pot was first watered with deionized water up to the water holding capacity, and left
to drain excess water overnight and later with 200ml of prepared solutions of As** and left for 24 hours before
planting. Planting was done at a rate of 10 seeds per pot.

Soil inoculation with fungi

Two fungi isolate with higher mycelia extension were selected, from the results of the screening growth
on heavy metal supplemented media and were used for inoculation in the greenhouse experiment, two weeks
after planting. Fungi broth culture suspensions were prepared by inoculating PDA broth with the fungus and
incubating the cultures for 3 to 5 days at 32 °C. After incubation period, cultures were examined using the
hemocytometer analysis to determine the number of spores. The spore suspension was standardized to 16 x 10°
spores/ml by adding 10ml of the culture to 90ml of sterile distilled water. The standardized spore suspensions
were used to inoculate the soils in pots.

Experimental design

Pots were arranged in a completely randomized using triplicate pots in each treatment.

Germination

The appearance of plumule above the soil surface was recorded as germination. The number of seeds
that germinated per pot were counted and percent germination was calculated. The germination record was
taken every day after sowing for 12 days. The height of plants (21-days old) in each pot was measured.
Measurements were taken every two weeks. The number of leaves formed on a plant were counted and recorded
every two weeks. The number of buds formed on a plant were counted and the number of days to flowering was
recorded when the first flower was observed. The number of flowers formed on a plant were recorded. The
number of fruits formed on a plant in were counted and recorded.

Physiological plant parameters

In order to measure the total chlorophyll content, 0.25 g of leaf tissues were ground in cold mortar in
darkness and adjusted to volume 25 ml by 80% acetone and centrifuged at 3000 rpm for 10 mins. The
supernatant was spectrophotometrically examined (using Biobase, UV-VIS spectrophotometer BK-
UV1800pc), at 645 nm and 663 nm wavelengths. To estimate total chlorophyll and chlorophyll a, b by
spectrophotometry, the following equations were used (Arnon, 1949; Gross, 1991).

The chlorophyll content was calculated with the following formula:

(11'75A662 - 2350A645) XV
1000 xW

chlorophyll a(mg/g tissue) =

(18'61A662 - 3960A64—5) X V
1000xW

chlorophyll b(mg/g tissue) =

V= final volume
W= weight of tissue used
Total chlorophyll content = Chlorophyll a (mg/g tissue) + Chlorophyll b (mg/g tissue)

4
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Nitrate reductase analysis (NR) in leaf was done according to the procedure of Hageman and Huckles
by (1971) with slight modifications. A weight of 0.5 g fresh root was crushed in a test tube containing 3.0 ml
of 0.05M potassium phosphate buffer (pH-7.8) and 3.0ml of 0.4 M KNOj solution and kept in the dark. At
the end of incubation period (2 hours), tubes were kept in boiling water bath for 5 min to stop the enzyme
activity and complete leaching of the nitrite in the medium. Nitrite was estimated by the method of Evans and
Nason (1953) where the absorbance was read at 540nm, using spectrophotometer (Biobase, UV-VIS
spectrophotometer BK-UV1800pc). The standard calibration curve was prepared using sodium nitrite
solution.

Catalase (CAT) activity was assayed according to the methods of Korolyuk ez a/. (1988). The reaction
was started by the addition of 0.1mL of tissue sample to 1ml of 4% ammonium molybdate and 2 ml of 0.03%
H.O, solution. One unit of catalase activity is defined as the amount of enzyme required to clear 1umol of
H,O, per minute per gram of tissue. The breakdown of hydrogen peroxide in the reaction mixture was
measured spectrophotometrically at 410 nm.

Superoxide dismutase was measured adopting the methods described by Misra and Fridovich (1972).

Soil phosphatase activity was determined following the procedure described by Eivazi and Tabatabai
(1977).

Urease activity in the soils was determined by the standard procedures outlined by Broadbent ez /.
(1958). Dehydrogenase activity was assayed according to the methods outlined by Casida ez a/. (1964).

Cellulase activity was estimated according to the methods described by Pancholy and Rice (1973).

Statistical analysis
Mean and standard deviation were calculated from the data collected. Two-way ANOVA was carried
out for the data using SPSS (version 16). Significant differences in mean values were indicated using Duncan

Multiple Range (DMR) (Alika, 2006).

Results

Table 1 shows the morphological characteristics used to identify the fungi isolates. According to their
characteristics these isolates could be identified as strains of Aspergillus fiumigatus, A. terreus, A. niger, A. flavus
and Penicillium chrysogenum. The growth of the isolates on different arsenic supplemented PDA media is
shown in Table 2 as the mean colony diameter (cm). The mean colony diameters of the isolates had the
following pattern: A. fumigatus>A. niger>A. terreus>A. flavus>P. chrysogenum. The widest colony diameter
was recorded with A. fumigatus, while the narrowest was that recorded with P. chrysogenum. Three days after
inoculation, the mean colony diameters in 100 ppm As-PDA media for 4. fumigatus, A. terreus, A. niger, A.
flavus and Penicillium chrysogenum were 5.57 cm, 4.57cm, 4.50 cm, 4.17 cm and 1.67 cm respectively.

Table 1. Morphological characteristics of the fungi isolates

Fungj isolate Morphological characteristics Microscopic features Fungj identified

Coffee black mycelia, with mycelia

1 svereillus fumivat
A concentrically arranged. Smooth conidia spergillus fumigatus
B Light grey mycelia Smooth conidia Aspergillus terreus
C Black mycelia, with white edges Smooth conidia Aspergillus niger

. Globose conidia, rough .
E Brown mycelia conidia Aspergillus flavus
G Dark grey mycelia Sub-globose conidia Penicillium chrysogenum
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Table 2. The mean colony diameter of the fungal isolates on PDA media supplemented with different
concentrations of As** solutions

T'reatments Organisms Mean diameter growth in Petri dish (cm)
1" DAI 2" DAI 3" DAI
A 4.20 + 0.00 6.60 £ 0.00 8.20 + 0.00
B 4.23 £ 0.98 5.67 £ 0.12 6.00 £ 0.00
0 ppm C 3.67 + 0.64 550+ 0.75 647+0.12
E 227 +£0.31 3.80 £ 0.60 5.57 £ 0.98
G 1.60 + 0.35 1.77 £ 0.32 1.90 + 0.26
A 2.63+042 6.97 £0.25 7.93 £0.51
B 2.70 £ 0.00 3.60 £ 0.00 5.10 + 0.00
20 ppm As C 450+ 1.73 597+ 0.67 767+ 144
E 2.50 £ 0.26 3.53+0.21 4.07 £ 0.46
G 1.73 £ 0.59 2.40 +£0.53 2.63 £ 049
A 197 £0.31 6.53 £ 0.29 7.67 £0.58
B 243+ 0.21 4.37 + 1.40 5.33+0.92
40 ppm As C 357+ 0.98 5.83 + 126 670+ 1.10
E 3.30 £ 0.96 4.77 £ 1.15 5.43 +0.95
G 1.63 £ 0.31 2.03+£0.29 217 £0.32
A 273+0.12 5.83 + 1.47 7.70 £ 0.85
B 2.30 £ 0.30 4.33+0.72 5.43 + 0.06
60 ppm As C 297 £ 035 467+ 042 6.00 £ 0.53
E 2.67+0.23 4.37 £ 0.75 4.60 + 0.69
G 1.83 + 0.57 2.53+£0.76 2.63+£0.76
A 2.10+0.30 5.20 + 1.06 5.80 +1.25
B 2.37+£0.21 4.63 +0.42 5.10 £ 0.35
80 ppm As C 373+ 147 5.50 + 0.70 6.13 £ 0.61
E 277 £0.25 4.23+0.35 4.77 £ 0.55
G 1.80 + 0.36 207+0.32 2.23+0.29
A 2.10 £ 0.30 4.63 +0.75 5.57 £0.25
B 220+ 0.36 3.90+0.17 4.57+0.12
100 ppm As C 2.07 +0.38 3.77 £ 0.70 4.50 £ 0.70
E 2.13+0.31 3.57+0.97 4.17 + 0.68
G 120+ 0.17 1.50 £ 0.20 1.67 £0.25

DAL Days After Inoculation, values are mean + S.D. A: Aspergillus fumigatus B: Aspergillus terreus C: Aspergillus niger
D: Aspergillus flavus E: Penicillium chrysogenum

Table 3 shows the mean percent germination of Abelmoschus esculentus seeds in soils treated with
different concentrations of As™ ion solutions. Mean percent germination was observed to be below 50%,
generally with the highest germination percentage recorded in control soils. The seeds obtained from the farmer
showed weak germination ability. The number of leaves formed per plant is shown in Table 4. The number of
leaves decreased progressively as the concentrations of As** solution applied to the soil increased without
inoculation.

Table 5 shows the heights of Okra plants grown in soils with different levels of As contamination.
Higher concentrations of As®* applied to soils affected plant growth and reduced the plant height. Improved
plant height was recorded in the soil inoculated with fungi. Notably at 150 ppm, mean plant height of non-
inoculated soils was 17.60 cm, while height of plants grown in soil inoculated with 4. ziger was 28.50 cm, and
for those grown in soil inoculated with A. trerreus was 30.97 cm. Stem girth decreased with increasing

concentrations of As’*. Inoculation with fungi, increased stem girth in plants grown in As** supplemented soils.
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The highest number of buds produced was observed in plants grown in 100ppm As* soils inoculated with A.

terreus. At higher concentrations of As’*, most of the plants failed to form flowers and fruits.

Table 3. Percent germination of Abelmochus esculentus seeds sown in soils treated with As* ion

solutions
Days After Planting (DAP)

Treatment Conc. y G 3 10 2
Control - 15.56 +£18.10 | 37.77 £ 21.67 37.77 £ 21.67 37.77 £ 21.67 | 37.77 + 21.67
As S0 ppm 444 +5.27 2222+ 15.63 2222+ 15.63 2222+ 15.63 | 22.22+15.63
As 100 ppm 13.33+12.25 | 27.78 +13.94 2778 + 13.94 2778 £13.94 | 2778 £ 13.94
As 150 ppm 14.44 + 11.30 31.11 +7.82 31.11 +7.82 31.11+7.82 31.11 +7.82

Values are mean + S.D

Table 4. Number of leaves of Abelmoschus esculentus plants grown in soils treated with As™ ion

solutions and inoculated with Aspergillus niger and Aspergillus terreus

T'reatments Soil Weeks After Planting (WAP)

inoculants 3 6 9 11 13
None 3.00 £ 0.00 4.67+1.15 7.00 + 3.46 10.33 +5.77 13.33 £ 5.86
0 ppm A. niger 3.00 £ 0.00 4.00 + 0.00 6.00 £ 1.00 10.00 £+ 1.00 15.00 + 3.00
A. terreus 3.00 £ 0.00 4.00 £ 0.00 5.00 = 0.00 8.00 + 1.00 10.00 + 1.00
None 3.00 + 0.00 4.33 +0.58 5.33+0.58 6.33+£0.58 9.00 + 2.00
50 ppm As A. niger 3.00 + 0.00 4.00 £ 0.00 5.00 + 0.00 6.00 + 0.00 10.00 £+ 0.00
A. terreus 3.00 + 0.00 4.00 £ 0.00 5.00 + 0.00 8.67 £2.89 11.00 + 3.46
None 2.00 + 0.00 3.00 £ 0.00 4.00 £ 0.00 5.00 + 0.00 8.00 + 0.00
100 ppm As A. niger 3.00 £ 0.00 4.00 £ 0.00 5.00 = 0.00 8.00 + 0.00 11.00 + 0.00
A. terreus 3.00 £ 0.00 4.00 £ 0.00 5.00 = 0.00 7.00 + 0.00 9.00 £ 0.00
None 4.00 £ 0.00 5.00 £ 0.00 6.00 £ 0.00 7.00 + 0.00 8.00 + 0.00
150 ppm As A. niger 4.00 £ 0.00 5.00 £+ 0.00 6.00 + 0.00 10.00 + 0.00 14.00 + 0.00
A. terreus 3.00 + 0.00 4.00 £ 0.00 5.00 £ 0.00 7.00 + 0.00 9.00 + 0.00

Values are mean + S.D.

Table 5. Plant height of Abelmoschus esculentus plants grown in soils treated with As* ion solutions and

inoculated with Aspergillus niger and Aspergillus terveus

Treatments Soil Weeks After Planting (WAP) (cm)

inoculants 3 6 9 11 13
None 10.20 £ 0.00 | 13.40+0.00 | 17.10+0.00 | 19.50+0.00 | 22.30 + 0.00¢
0 ppm A. niger 13.47 +5.04 | 19.13 +4.46 | 22.87 + 241 | 24.47 +2.70 | 25.20 + 2.05%
A. terveus 10.63+1.78 | 1623+3.60 | 19.87+155 | 20.77+153 | 2330+ L.11°
None 9.10+0.00 | 11.30+0.00 | 18.50+0.00 | 21.50+0.00 | 23.90 + 0.00%
50 ppm As A. niger 7704000 | 850+0.00 | 10.10+0.00 | 12.50+0.00 | 15.00 +0.00"
A. terveus 930+ 0.00 | 17.40+0.00 | 18.90+3.35 | 24.63+3.35 | 27.57 £5.01%
None 8.30£0.00 | 10.50+0.00 | 14.90+0.00 | 18.40+0.00 | 19.50 % 0.00%
100 ppm As A. niger 8.10+0.00 | 10.20+0.00 | 12.10+0.00 | 16.10+0.00 | 24.20 + 0.00%
A. rerreus 560000 | 850+0.00 | 1550£0.00 | 21.57 +0.64 | 26.87 + 1.15"
None 550+ 0.00 | 7.90+0.00 | 12.10+0.00 | 13.00+0.00 | 17.60+ 0.008"
150 ppm As A. niger 10.00 £ 0.00 | 12.20£0.00 | 1450+ 0.00 | 18.50+0.00 | 28.50 £ 0.00%
A. terveus 5.60+0.00 | 850+0.00 | 19.07+0.98 | 2887+ 1.15 | 30.97 + 1.85

Values are mean + S.D.
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Total chlorophyll content of leaves is shown in Figure 1. Without As®* ion treatment applied to soil; the
inoculated organisms improved chlorophyll content of plants by over 30% when compared to the control.
Growing plants in As®" treated soils decreased the mean values of chlorophyll content. Whereas plants grown
in the presence of Aspergillus terreus in 50 ppm As’*, 100 ppm As’*and 150 ppm As**treated soil showed
improvement in total chlorophyll content reaching 16.2%, 32.7% and 21.5% increase against the control
respectively.
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(1]

none A.niger A.terreus none A.niger A.terreus none A.niger A.terreus none A.niger A. terreus

Total chlorophyll content (ing/g FW)
N

0 ppm Oppm Oppm  S0ppm  S0ppm  S0ppm 100ppm 100 ppm 100 ppm 150 ppm 150 ppm 150 ppm

As™ applied to soil concentration/ organism
Figure 1. The total chlorophyll content in leaves of Abelmoschus esculentus plants grown in soils treated

with As** ion solutions and inoculated with Aspergillus niger and Aspergillus terreus

Total carotenoids in leaves (Figure 2) also showed a positive effect with the presence of 4. niger and A.
terreus, in O ppm-100 ppm As™ treated soils, showing 27.6% and 37.9% improvement in 50 ppm As’*in A.
niger and A. terreus, inoculated soils and 84.6% and 76.9% in 100 ppm As’ in A. niger and A. terreus, inoculated
soils respectively. Whereas at 150ppm As’* treated soils, the plants grown in the presence of soil inocula, did
not indicate positive contributions to the total carotenoids content of leaves.

The outcome of the analysis of superoxide dismutase (SOD) of plant tissues is shown in Figure 3. The
SOD content of tissues of plants grown in 0.0 ppm As**, 50 ppm As**, 100ppm As’* and 150 ppm As’** soil
sample without soil inoculants were observed to be significantly different. The values increased as the As*
concentration applied to soil increased. Application of Aspergillus niger increased SOD content in tissues of
plants grown 0 ppm and 150 ppm As™, whereas, decrease SOD content in 50 ppm and 100 ppm As®* treated
soils. Whereas Aspergillus terreus applied as soil inoculants decreased SOD content in all tissues of plants grown
in As’ treated soils. Higher depressions in SOD contents of tissues were recorded in 50 ppm and 100 ppm
As® treated plants.
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Figure 2. The quantity of carotenoids in leaves of Abelmoschus esculentus plants grown in soils treated with
As®" jon solutions and inoculated with Aspergillus niger and Aspergillus terveus
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Figure 3. The superoxide dismutase activity in leaves of Abelmoschus esculentus plants grown in soils treated

with As** ion solutions and inoculated with Aspergillus niger and Aspergillus terreus

The catalase activity analyzed in plant tissues is shown in Figure 4, where catalase contents in tissues
decreases as the As’* solutions applied to the soils and without inocula increased in concentration. Inoculation
of 50 ppm, 100 ppm and 150 ppm As>* treated soils with A4. zerreus improved catalase contents in tissues,
showing 16.6%, 41.5% and 25.4% increases, respectively.
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Figure 4. The catalase activity in leaves of Abelmoschus esculentus plants grown in soils treated with As®*
ion solutions and inoculated with Aspergillus niger and Aspergillus terreus

Nitrate reductase (NR) activity in roots and leaves tissues is shown in Figure 5. The least values for
nitrate reductase action were recorded in plants without As* treatments. Differences between root and leaves
were not significant. Higher values for nitrate reductase were recorded for plants grown in As’* treated soils.
NR activity are generally higher than those in roots. Plants grown in soils with inocula, showed increased NR
activity across the different concentrations.

Soil phosphatase content is shown in Figure 6. The variations observed among the soil samples were
minimal, whether the soil inoculants were present or absent. In As**- treated soils, phosphatase contents were
higher in the presence of soil inocula depicting higher activity.

nitratereductase activity (U/ml)

none | A niger Al none A niger A, none | A niger A none | A niger A.
terreus terreus terreus terreus
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As* applied to soil concentration/organism

W Leaf ®Root
Figure 5. The nitrate reductase (NR) activity in leaves and roots of Abelmoschus esculentus plants grown in

soils treated with As®" jon solutions and inoculated with Aspergillus niger and Aspergillus terreus
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Figure 6. The soil phosphatase activity in soils treated with As** ion solutions and inoculated with
Aspergillus niger and Aspergillus terrens in which Abelmoschus esculentus plants were grown

Soil urease activity is shown in Figure 7. The addition of soil inocula did not improve urease activity in
As’ treated soils. Salient feature observed was that urease contents were suppressed in all As** treated soils
augmented with Aspergillus niger as soil inoculant.

Soil cellulase activity is shown in Figure 8. The supplementation with soil inocula improved cellulase
activity in As’* treated soils. Higher cellulase contents were obtained in As®* treated soils supplemented with
soil inocula. The significant differences were observed between soils inoculated with organisms and those
without organisms.

Soil dehydrogenase activity is shown in Figure 9. It was observed that the addition of soil inocula increase
soil dehydrogenase contents marginally in all As** treated soils.

hiivilil

none A.niger A.terreus none .niger A.terreus none A.niger A.terreus none A niger A.terreus

-

N~

Soilurease activity (n/mol)
w

=

O ppm 0 ppm 0 ppm S50ppm  S50ppm  S0ppm 100ppm 100 ppm 100 ppm 150 ppm 150 ppm 150 ppm

As** applied to soil concentration/organism

Figure 7. Soil urease activity in soils treated with As*" ion solutions and inoculated with Aspergillus niger
and Aspergillus terreus, in which Abelmoschus esculentus plants were grown
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Figure 8. The soil cellulase activity in soils treated with As** ion solutions and inoculated with Aspergillus

niger and Aspergillus terreus, in which Abelmoschus esculentus plants were grown

Discussion

In this study Fungi were isolated from heavy metal contaminated soils and grown on heavy metal
supplemented PDA media. Aspergillus fumigatus, Aspergillus niger and Aspergillus terreus showed the highest
growth on PDA media. Aspergillus fumigatus could not survive storage after 6 weeks. Only 4. niger and A.
terreus were used as soil inoculants. Narendrula-Kotha and Nkongolo (2017) previously reported the presence
of Ascomycota in heavy metal contaminated soils.

Arsenic is generally considered phytotoxic and is expected to negatively affect plant growth (Chaturvedi,
2006). Though the effects of the heavy metal applied to the soils in this work negatively affected the plants in
the non-inoculated soils, while fungal inoculation improved growth of Abelmoschus esculentus plants as seen in
the in increased in the number of leaves produced by the plants, increase in plant height and stem girth. Delayed
flowering was observed in plants grown in soils treated with As**
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Figure 9. The soil dehydrogenase activity in soils treated with As* ion solutions and inoculated with
Aspergillus niger and Aspergillus terreus, in which Abelmoschus esculentus plants were grown
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Chlorophyll content is often measured to assess the impact of environmental stress in plants, as changes
in chlorophyll content can associated with symptoms of plant disease and changes in photosynthetic
productivity (Zengin and Munzuroglu, 2005). The accumulation of arsenic in the leaf biomass has been
observed to reduce the rate of photosynthesis in plants (Marques and Anderson, 1986; Caporale ez 4/, 2014).
It was observed from the results of this study that plants in soils inoculated with fungi showed increase in total
chlorophyll content in most concentration of As* treated plants. This might be atcributed to the ability of the
fungi to reduce the stress caused by the presence of As® in the soil which improved chlorophyll synthesis by
plants grown in As’* contaminated soils. Also, soil inocula increased the quantity of carotenoids in plants
grown in 50 ppm and 100 ppm As’* treated soils.

In this regard, Kanwal ez 2/. (2016) reported that in mycorrhizal associated wheat plants, the chlorophyll
(a, b) and carotene contents were significantly higher in contrast with non-mycorrhizal associated wheat plants
at all applied zinc concentrations (0, 100, 300 and 900 mg/kg). Caporale ez al. (2014) reported that the
inoculation of vetiver grass (Chrysopogon zizaniodes L.) with Glomus spp. significantly increased the amount of
chlorophylls a and b in the leaf biomass of plants. Sharma ez al. (2017) reported that the inoculation of
arbuscular mycorrhizal fungi, led to an overall increase in the level of carotenoids as compared to the non-
mycorrhizal inoculated plants.

The first defense against reactive oxygen species (ROS) in plants is usually superoxide dismutase, which
acts on superoxide free radicals (Alscher and Erturk, 2002). This enzyme breaks down highly reactive
superoxide to hydrogen peroxide, which is also another reactive oxidizing agent (Gunes ¢z 4., 2009). It has been
recently demonstrated that reactive oxygen species, superoxide dismutase and catalase are all induced in plants,
after exposure to arsenic (Chaturvedi, 2006). This was also well observed in this study, as SOD activity
increased with increasing concentration of As®* in the leaves of plants grown in the non-inoculated soils. In a
previous report by Issam ez 4/. (2015) arsenic application increased SOD activity. Srivastava ez /. (2005) also
reported an increased SOD activity in response to arsenic toxicity in fern species. Similar findings were reported
by Gunes ¢z a/. (2009) in maize and in the grass Holcus lanatus (Hartley-Whitaker ez 4/., 2001). The presence
of fungi in soil may led to decreased SOD activities across the As’* treated plants created an indication that
fungi can provide assistance to plants in stressed conditions depending on the biochemical and physiological
pathways adopted by the fungi.

From the present data it could be noted that at higher As>* concentrations, the activity of catalase was
decreased in plants grown in non-inoculated soils. Decreased activity of catalase with increasing heavy metal
concentrations was previously reported for Becopamonneri (Mishra ez al., 2006) and Lemnagibba (Parlak and
Yilmaz, 2013). It is possible that over production of ROS by heavy metal-induced stress can inactivate CAT
activity at higher concentrations of the heavy metal ions, probably by inactivating the enzyme-bound heme
group, as suggested by Malar ez al. (2015). Aspergillus terreus was revealed by data from this study to increase
CAT activity in As®* stressed plants. Kanwal ez 4/. (2016) reported that the contents of SOD were high in
plants with mycorrhizal associated treatments, when compared to the non-mycorrhizal associated treatments.
They also reported that CAT activity improved as the concentration of Zn increased in both non-mycorrhizal
and mycorrhizal treated plants. At higher Zn application level (900 mg/kg), they observed decreased CAT
activity.

Nitrate reductase is very sensitive to metal stress (Kumar and Joshi, 2008), as it is the rate-limiting
enzyme in nitrogen assimilation (Singh ez 4/, 2009). NR activity in the leaves increased with the addition of
heavy metals, and further increases was generated by the inoculation of fungi. In the roots, NR activity was
observed to decrease in soils inoculated with fungi across As* treatments. Generally, NR activities of plants
grown in As®" treated soils were observed to be higher in the leaves than the root. In contrast to this study,
Singh ez al. (2009) reported a marked inhibition of NR activity by arsenic in P. ensiformis. The ability of these

fungi organisms to enhance the tolerance of Abelmoschus esculentus to arsenic stress can be linked to their ability
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to restrict arsenic translocation from roots to shoots of plants as suggested by Gonzalez Chavez ez al. (2002),
Chen et al. (2007) and Ultra ez al. (2007).

Soil enzymes are considered as useful indicators of soil quality, in regards to soil contamination and
pollution. Soil enzymes play important roles in the chemical changes that occur in the soil, involving soil
nutrients (Dike ez al., 2013). Different soil enzymes exhibit different level of sensitivities to different heavy
metals. Shen ez al. (2005) reported that urease and dehydrogenase could be appropriate indicators of pollution,
especially at the initial stages. Soil enzyme activities are influenced in different ways by different metals due to
the different chemical affinities of the enzymes in the soil system. Phosphatase and urease are involved in the
biochemical cycles of phosphorus and nitrogen respectively (Li ez 4/., 2005). In this study, the fungi organisms
were observed to stimulate or increase soil cellulase and phosphatase activities across the As® treated soil. Sethi
and Gupta (2015) stated thar soil dehydrogenase activity was found to be inhibited after the application of
heavy metals. Nweke ez 4/. (2007) also concluded that for all the metal ions, there was progressive inhibition in
dehydrogenase activity with increase in the concentration of metal ions. These reports are in agreement with
the present data from this work, where dehydrogenase activity was inhibited by application of heavy metals.
However, soils inoculated with fungi organisms showed high dehydrogenase activity than the non-inoculated
soils.

Conclusions

This study might provide a useful information on the potentials of fungi inocula as important tools for
alleviating heavy metal stress in Okra plants. The study emphasised the ameliorative effect of fungi inoculation
in enhancing plant growth in arsenic contaminated soils, as seen in the increase in plant height, number of
leaves and in antioxidant activities. Soil cellulase activity was highly improved by fungi inoculants, giving an
insight that fungi inocula can be used for soil improvements. Therefore, the findings of this study reveal that
the use of fungi inoculants would be important tools to improve plant arsenic resilience.
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