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ABSTRACT

The focus of this research is to characterize Rhizobium colonies isolated from root nodules of Pisum sativum plants and
determine their tolerance to heavy metals Nickel and Chromium using CFU counts. The results showed that a bacterial
colony isolated from root nodules of pea on YEMA medium is a milky white colony with a spherical convex surface.
Biochemical analyses of the isolated colonies revealed that they were Rhizobia species, with positive results for oxidase,
catalase, and bromothymol blue, but negative results for starch hydrolysis, lipase test, lysine decarboxylase, and caseinase.
The presence of high levels of Nickel and Chromium resulted in a decrease in the rhizobial colony. The presence of high
levels of Nickel and Chromium resulted in a decrease in the rhizobial colony. All of the colonies thrived well at pH 6 and 7,
temperatures of 28° C to 30° C, and a salt concentration of 1%, according to the study.
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INTRODUCTION

Due to concerns about the human food chain
and environmental protection, heavy metal pollution of
soils and crops has become a major issue around the
world. Metal pollution of soils is common as a result of
human, agricultural, and industrial activities (Beladi et
al. 2011). Metal remains concentrate in agricultural
soils as a result of these operations, posing a risk to
food safety and public health (Dary et al. 2010).
Because the composition of microbial flora and
microbial activity are substantially impacted by metal
buildup, soil fertility is lost (Krujatz et al. 2012). These
activities result in the accumulation of traces of metals
in agricultural soils which pose a threat for food safety
and public health (Dary et al. 2010). Some metals,
though required in small amounts for organisms, can be
hazardous in large amounts. One of the most serious
risks to the environment and living organisms is heavy
metal contamination (Wo-Niak and Basiak 2003).

In rhizobacteria, Ni is one of the micronutrients
required for the production of hydrogenase, which
catalyses the oxidation of hydrogen generated by
nitrogenase during the reduction of dinitrogen.
(Hoffman et al., 2014). Nickelin (HypB), an accessory
protein that carries a dual role in Ni mobilisation into
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hydrogenase and Ni storage in rhizobia, is responsible
for Ni supply (Higgins, 2019).

Previous research has shown that metals have a
negative  impact on  microorganism  growth,
morphology, and activity, including symbiotic nitrogen
fixation (Abd-Alla et al. 2014). This symbiosis has
been proposed as a way to remove or fix heavy metals
from contaminated soils while also improving soil
fertility (Dary et al. 2010).

As a result, finding and isolating rhizobial
isolates with high levels of heavy metal resistance has
been a top priority (Abd-Alla et al. 2012) In metal-
contaminated soil, a symbiotic relationship promotes
soil fertility while simultaneously extracting or
stabilising metals, but has a negative influence on
rhizobium colonies (Carrasco et al. 2005). Pollutants in
the environment, such as chromium compounds, can
negatively affect rhizobia, legumes, and their symbiotic
relationships. Chromium toxicity to nodules includes
the development of oxidative stress and protein
modification (Stambulska et al. 2017). Cr treatment can
cause nitrogenase deactivation and reduce nodule
performance since nitrogenase is particularly sensitive
to oxidation. (Stambulska et al. 2017)
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Pea (Pisum sativum L.) is a widely farmed grain
legume and fodder crop in peninsular India, and often a
pulse crop. Its importance stems from its capacity to
form a symbiotic connection with nitrogen-fixing
rhizobacteria in the soil, which promotes plant growth
and productivity. The goal of this study is to look at
how Ni and Cr stress tolerance affects rhizobia's
relationship with plants.

METHODOLOGY
SITE SELECTION AND SOIL SAMPLING
PROCEDURES

Composite soil samples were collected from
crop research centre, Pantnagar (Uttarakhand). At a
depth of 0-20 cm, soil was removed from the plough
layer. The host plant was not present in any of the soil
samples when they were taken. The collected sample
was air dried, then crushed with a hardwood roller on a
hard wooden slab, sieved at 2mm, and kept in labelled
polythene bags. Soil samples were gathered in
polythene bags and delivered to 21 pots where pea
seeds were planted. Pisum sativum, variety Azad seed
were brought from Vegetable research centre,Pantnagar
and sown in control, treatment and replicate pots.

Under natural settings, all experimental pots
were filled with 5 kg of soil and placed in a completely
randomised design with twelve replicates. The
experiment had six different treatments (each with
three triplicates, i.e. six treatments, 12 replicates, and
three controls). The plants were taken after 9 weeks of
growth. Heavy metals such potassium dichromate
(K2Cr207) and nickel sulphate (NiSO4) were added at
concentrations of 10ppm, 50ppm, and 100ppm solution
after two weeks. Watering took place twice a week.
From December to March, they were allowed to grow
for four months.

PHYSICOCHEMICAL ANALYSIS OF SOIL

The pH and EC of the soil were measured in the
lab with an Orion pH/EC metre model Li -120 from
Elico India Ltd., New Delhi. The Walkley and black
method was used to determine the organic carbon
content. The alkaline potassium permanganate test was
used to estimate available nitrogen in soil.

COLLECTION, ISOLATION,
CHARACTERIZATION AND CFU COUNT
OF RHIZOBIAL COLONIES.

After 55-60 days, nodules appeared in Pea.
Cultivated pea plants were used to collect nodules.
Treatment, duplicate, and control were chosen from the
several pots. Because nodules can be found on lateral
roots and the tap root, plants were uprooted with a
knife to avoid severing secondary roots. The nodules
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were carefully removed using a blade with lateral roots
and placed in silica gel vials before being wrapped with
cotton wool. (Woomer et al. 2011). The Yeast Extract
Mannitol Media (YEMA) is the growth medium used
to isolate rhizobia (Vincent, 1970). The following is the
YEMA media composition: 10.0 g Mannitol, 0.5 g
KoHPO,, 0.2 g MgSO4.7H20, 0.1 g NaCl, 1.0 g Yeast
Extract, 15.0 g of agar and 1 litre of distilled water.
Adjustment was done on the pH of the media to 6.8
using 0.IN NaOH. Dyes were incorporated in the
Media: Congo Red (CR) and Bromothymol blue (BTB)
that were added at a concentration of 25 ppm.

Surface sterilization of rhizobia from nodules
was accomplished by immersing them in 95 percent
ethanol for 5-10 seconds, then transferring them to a
2.5-3 percent (v/v) sodium hypochlorite solution and
soaking them for 3- 4 minutes. Using clean forceps, the
nodules were rinsed in five changes of sterile water.
Following surface sterilization, the nodule was crushed
in a petri-dish with a pair of blunt-tipped forceps in a
huge drop of sterile water. A drop of suspension was
streaked onto the agar surface to gradually dilute the
suspension. The plates were then incubated in the
incubator at 25-30°C. After growth, a single colony
was re-streaked again on YEMA culture media for
purification (Somasegaran and Hoben, 1985). The
appearance, growth rate, and production of alkalinity or
acidity were all used to identify typical rhizobia. To
differentiate rhizobia from other bacteria, Congo red
was added to the media. The viable plate account
(CFU/ml) was determined after enumerating rhizobial
colonies using the Most Probable Number Method
(Vincent, 1970).

GRAM STAINING OF THE BACTERIAL
STRAIN

For a more specific identification of rhizobial
colonies, pure cultures of bacterial colonies were
subjected to gram staining. In a laminar air flow
chamber, gram staining was done. The slides were first
cleaned in ethanol, and colonies were then marked on
them using an inoculating needle and heat fixed. The
smears were therefore stained using the techniques
below. a) On each slide, apply crystal violet and leave
for 1 minute. ¢) Wash with distilled water c¢) Iodine as a
mordant (1 minute), followed by a 95 percent alcohol
wash (30 seconds), and finally distilled water. d)
Safranin was added to the slides, which were then
rinsed in distilled water and air dried. The entire gram
staining technique was done following the Christian
Gram technique and Collee JG, Miles RS Mackie
(1989).
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EFFECT OF SALT, PH AND
TEMPERATURE ON RHIZOBIAL
COLONIES

The salinity tolerance of the bacteria was tested
by cultivating them on YEMA medium with varied salt
concentrations of 1%, 2%, 3%, and 4% (w/v) NaCl.
The ability of Rhizobial isolate to grow at different pH
levels was examined on YEMA medium using NaOH

and HCI to alter the pH to 5.0, 6.0, 7.0, 8.0, and 9.0.
Temperature tolerance was tested by growing bacterial
cultures in YEMA medium at various temperatures,
including 5° C, 28° C, 35° C, and 40° C.

BIOCHEMICAL CHARACTERIZATION
OF RHIZOBIAL COLONIES
Catalase Test

This test was conducted and see whether
Rhizobium spp. had the enzyme catalase, which
hydrolyzes H,O, into H,O and O, in bacterial strains.
After making a smear of strain on a clean and dry glass
slide, a few drops of H,O, were applied to the slide.
Citrate Utilization Test

In YEM agar medium, sodium citrate and
Bromothymol blue (25 mg/l) were used instead of
mannitol to examine citrate uptake as a carbon source.
Rhizobium spp. isolates were streaked in YEMA
medium plates with sodium citrate applied and
bromothymol blue as an indicator. Following that, the
plates were incubated for 24 to 48 hours.

Bromothymol Blue Test
It  distinguishes  between  fast-growing
Rhizobium isolates and slow-growing Rhizobium

isolates. To examine if bacteria would react acidically
or alkalinely, bacteria were inoculated on YEM agar
medium with 0.025 percent bromothymol blue and
incubated for 3 to 10 days. On BTB-containing YEMA
medium, this test sample was allowed to develop. The
positive sample turned yellow after 48 hours of
incubation at 280°C due to acid production.

Lipase test
Lipase presence around bacterial colonies was detected
by supplementing YEM with 1% (w/v) Tween 80.

Starch Hydrolysis

This experiment was carried out to see if
Rhizobium might utilise starch as a carbon source. To
assess the ability of bacteria to utilise starch, Starch
Agar Medium was inoculated with Rhizobium and then
iodine was added. A drop of iodine (0.1N) was dropped
into a 24-hour-old culture, which revealed a definite
zone of inhibition around the bacterial colonies.
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Lysine Decarboxylase Test

Rhizobium  strains  were  streaked on
Bromocresol Purple Falkow medium in this experiment
(peptone 5 g, yeast extract 3 g, glucose lg,
Bromocresol purple 0.02 g, distilled water 1 liter). The
Rhizobial strains were then streaked on the media and
incubated for 24 hours at 340°C.

Statistical Analysis

Statistical analysis was done in triplicates for
each treatment. The mean and standard error (SE) were
calculated using MS Excel, 2007

RESULT AND DISCUSSION

The soil parameters were examined at the
commencement of the experiment. All of the treatment
plants were given heavy metal solutions. Potassium
dichromate solution at concentrations of 10ppm,
50ppm, and 100ppm was applied to three treatments
and their replicates. Nickel sulphate solution with
concentrations of 10ppm, 50ppm, and 100ppm was
applied to three treatments and their replication plants.

Physico-Chemical Analysis of Soil.

The pH is 5.70 on average, which is in the
moderate acid range, and the soil is light brown in hue.
It has a moderate total nitrogen concentration (0.273%)
and an electric conductivity of 25.07 S cm'!. The
organic carbon content of soil is 0.70 percent and the
organic matter content is 1.204 percent. The heavy
metal content of soil in unpolluted soils was within
normal ranges.

Morphological characteristics

The isolates were round in shape with an entire
edge, and their occurrence on YEMA medium was
milky to watery translucent, according to
morphological features. Colonies were 2.5 mm in
diameter, transparent, and pale pink in colour.
Rhizobium was Gram (-ve), motile, rod-shaped, and
fast-growing in YEMA medium due to convex
elevation.

The confirmation of isolates was done using
microscopic observations, and the Rhizobium spp. was
determined to be gram negative. The colonies were
discovered to be gram negative, with a whitish pinkish
tint and rod-shaped bacteria under the microscope.

Characterization of Biochemical Processes

Different biochemical tests were used to
characterize the biochemistry of chosen isolates.
Oxidase, Catalase, Citrate Utilization, Bromothymol
Blue, Lysine Decarboxylase, Lipase, and Caesinase
were among the test performed. The isolates in this
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investigation tested positive for oxidase and catalase
but negative for lipase, urease, and caseinase.

Isolates were identified as Rhizobium sp. based
on biochemical data. The caseinase test in Rhizobium
leguminosarum strain is negative, according to Datta et
al., 2015. The oxidase test was positive in our findings,
with the colonies turning dark purple to black in colour
within 5 minutes in the test isolates. The catalase test
was found to be positive in this investigation due to the
development of bubbles around bacterial colonies.
Bubble formation around bacterial colonies of all four
strains was also observed by Datta et al. 2015. Javed
and Asghari et al. (2008) used the same biochemical
procedures to define Rhizobium from root nodules.

The starch hydrolysis assay, that is used to
detect the generation of reducing sugar from starch in
bacteria, revealed no defined zone around the isolates.
Bromocresol purple falkow media was used for the
lysine decarboxylase test, and there was no colour
change in the Rhizobium-inoculated medium. Citrate
was used as a carbon source in this investigation,
however there was no colour change, indicating a
negative citrate test. Bradyrhizobium japonicum and
Rhizobium leguminosarum show no colour change and
have a negative citrate test, according to Datta et al.
2015. The existence of Rhizobium spp. in our study is
confirmed by all of the above observations and
outcomes.

pH, NaCl, and temperature tolerance in
rhizobial colonies exposed to varied Nickel
and Chromium concentrations.

The ideal temperature for root nodulating
bacteria growth ranged from 25°C to 30°C in this
study. The optimal temperature for Rhizobia growth
was determined to be 28°C, with moderate growth seen
at 35°C. The optimal pH for rhizobial growth was
found to be between 6 and 8§ in this study. At pH 8 and
pH 9, isolates grew at a very slow rate. In this study, it
was discovered that Rhizobia grew at varied rates at
different concentrations of NaCl, with the maximum
growth rate occurring at 1% (w/v) NaCl and the lowest
at 4% (w/v) NaCl. However, as the salt concentration
was increased, the percentage of tolerant isolates
declined, and only 11.1 percent of the isolates tolerated
5 percent NaCl.

Effect of Nickel and Chromium on the Pisum
sativum rhizosphere and rhizospheric bacterial
colonies
Total CFU count of bacterial isolates in the
presence of Nickel

Pisum sativum plants in the control variant (c)

were well established two months following
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germination, but had a lower number of root nodules.
In the soil, the CFU (colonies forming units) ml-1 of
free-leaving bacteria was 8 x 106 CFU ml-1, with an
aspect of The Most Probable Number Method (Vincent,
1970) was used to count soil bacteria and determine the
number of viable plate count (CFU/ml). Mucous
production and colony shape were among the
morphological features studied. During the growth of
the isolates, the pH of the medium changes
(Somasegaran and Hoben, 1985).

The number of bacteria in the Ni-treated
variations was lower than in the control (C), with 2.77
x 106 CFU mllin N1 (26.3 mg Ni kg-!soil), 2.60 x 106
CFU ml'lin N2 (131.5 mg Ni kg-'soil), and 2.00 x 106
CFU ml'lin N3 (263.0 mg Ni kg-'soil). The plants in
N1 were well-developed, with large nodules on the
roots. The plants in N2 were likewise highly developed,
having a large number of nodules on the roots, although
not as many as in N1. The plants in N3 were tiny and
had no obvious nodules on the roots.

Total CFU count of bacterial isolates in the
presence of Chromium

Plants cultivated in C1 (56 mg Cr kg-! soil) were
smaller than those produced in N1. Plants and nodules
were small, but noticeable on the roots; some were
lobated, and they were usually bundled in bundles. The
CFU ml-! value was 3.53 x 109, which was lower than
the control variant. The plants in the C2 (280 mg Cr kg-
I'soil) and C3 (570 mg Cr kg! soil) variants were tiny
and lacked nodules, suggesting that the amount of Cr
employed for treatment was hazardous. According to
Smith (1997), the absence of nodulation was indicative
of either a very low rhizobial population, below the
detection limit of the plant infection assay, or a very
low rhizobial population, below the detection limit of
the plant infection assay or the complete complete
absence of rhizobia from soil.

CONCLUSION

The proposed research looked at the effects of
nickel and chromium on the establishment of rhizobial
colonies in the root zone of Pisum sativum, as well as
counting them using colony forming units (CFU). The
study found that the heavy metals Ni and Cr impede the
formation of Rhizobial colonies. Rhizobium is a gram-
negative bacterium that forms a symbiotic relationship
with leguminous plant roots. For biological nitrogen
fixation, screening and selecting rhizobial colonies
from the rhizosphere is critical. The milky white colony
with round convex surface was isolated from bacterial
colonies from pea root nodules that could not absorb
red colour on YEMA medium. Many biochemical tests
of the isolated colonies were positive, such as oxidase,
catalase, and bromothymol blue, while starch
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hydrolysis, lipase test, lysine decarboxylase, and
caseinase were negative, indicating that the colonies
recovered from pea plants are Rhizobia species. All of
the colonies thrived well at pH 6 and 7, temperatures of
28°C to 30°C, and a salt concentration of 1%,
according to the study.

The current study appears to be a promising
approach for determining the best strategy for isolating

a rhizobial colony from a pea plant that might be
employed in nitrogen fixation, but more research
should be done wusing genetic engineering and
biotechnology techniques.

Table 1. Morphological study of Rhizobial colony

S.No Colony Rhizobial colonies
characteristics
1. Shape Circular
2. Size 2.5mm
3. Color White
4. Opacity Transparent
5. Bacterium shape Rod shaped
6. Gram nature Gram negative
7 Motility Mobile

Table 2. Various biochemical tests for Rhizobial colonies

Tests Control N;

N:

N3 C1 Cz C3

Bromothymol + +
blue

+ + + +

Caesinase

Catalase

Citrate

Lipase

Lysine
decarboxylase

Oxidase

Starch
hydrolysis
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Table 3. pH, NaCl, and temperature tolerance in rhizobial colonies exposed to varied Nickel and

Chromium concentrations.

Rhizobium pH NacCl Temperature (°C)
colonies

4pH 9pH 0.1 03 0.5 10 20 30 40
C + - + + + - + + +
Ny

+ - + + + - + + -
N + - + + + - + + -
N3 - - + + + - + + -
C1 + - + + + - + + -
C + - + + + - + + -
Cs - - + + + - + + -

CFU Count (x106)

8 /
6 -
4 - B Nickel
Chromium
2 | ’
Akel
0 10 50 100

Concentration (ppm)

Figurel .Comparison chart of rhizobial colonies in presence of Ni and Cr

€ 2021 EPRAIJMR | www.eprajournals.com | Journal DOI URL: https://doi.org/10.36713 /epra2013

155


http://www.eprajournals.com/

Ly

ISSN (Online): 2455-3662

~ . EPRA International Journal of Multidisciplinary Research (IJMR) - Peer Reviewed Journal

Volume: 7 | Issue: 6 | June 2021|| Journal DOI: 10.36713/epra2013 || SJIF Impact Factor 2021: 8.047 || ISI Value: 1.188

REFERENCES

1.

Ali, M. B., Vajpayee, P., Tripathi, R. D., Rai, U. N,
Singh, S. N., and Singh, S. P. (2003),
"Phytoremediation Of Lead, Nickel, And Copper By
Salix Acmophylla Boiss.: Role Of Antioxidant
Enzymes And Antioxidant Substances”. Bulletin Of
Environmental Contamination And Toxicology, vol
70, no. 3, pp. 462-469.

Dary, M., Chamber-pérez, M., Palomares, A. and

Pajuelo, E. (2010), "“In Situ” Phytostabilisation Of

Heavy Metal Polluted Soils Using Lupinus Luteus
Inoculated With Metal Resistant Plant-Growth
Promoting Rhizobacteria”. Journal Of Hazardous
Materials, vol 177, no. 1-3, pp. 323-330.

Krujatz, F., Haarstrick, A., Nortemann, B. and
Greis, T. (2011),"Assessing The Toxic Effects Of
Nickel, Cadmium And EDTA On Growth Of The
Plant Growth-Promoting Rhizobacterium
Pseudomonas Brassicacearum". Water, Air, & Soil
Pollution, vol 223, no. 3, pp. 1281-1293.

Higgins, K. 2019, "Nickel Metalloregulators And
Chaperones". Inorganics, vol 7, no. 8, pp. 104.
Abd-alla, M. H., Morsy, F. M., El-enany, A. E. and
Ohyama, T. 2012, "Isolation And Characterization
Of A Heavy-Metal-Resistant Isolate Of Rhizobium
Leguminosarum Bv. Viciae Potentially Applicable
For Biosorption of Cd2+ And
Co2+". International Biodeterioration &
Biodegradation, vol 67, pp. 48-55.

Carrasco, J. A., Armario, P., Pajuelo, E., Burgos,
A., Caviedes, M. A., Lopez, R., Chamber, M. A. and
Palomares, A. J. 2005, “lsolation And
Characterisation ~ Of  Symbiotically  Effective
Rhizobium Resistant To Arsenic And Heavy Metals
After The Toxic Spill At The Aznalcdllar Pyrite
Mine". Soil Biology And Biochemistry, vol 37, no.
6, pp. 1131-1140.

Stambulska, U. Y., Bayliak, M. M. and Lushchak, V.
1. 2018, "Chromium(VI) Toxicity In Legume Plants:

Modulation Effects Of Rhizobial
Symbiosis". Biomed Research International, vol
2018, pp. 1-13.

"Handbook For Rhizobia: Methods In Legume-
Rhizobium Technology.P. Somasegaran , H. J.
Hoben". Vol 70, no. 2, 1995, pp. 224-225.

10.

11.

12.

13.

14.

15.

16.

Rosier, A., Medeiros, F. H. V. and Bais, H. P.

2018,"Defining  Plant  Growth ~ Promoting
Rhizobacteria  Molecular And  Biochemical
Networks In Beneficial Plant-Microbe

Interactions”. Plant And Soil, vol 428, no. 1-2,
2018, pp. 35-55.

Zhang.F and Smith, D.L. (1997), “Application of
genistein to inocula and soil to overcome low
spring soil temperature inhibition of soybean
nodulation and nitrogen fixation,” Plant and Soil,
Vol.192, pp. 141-151

Wo-Niak, K., Basiak, J. (2003), “ Free radicals-
mediated induction of oxidized DNAbases and DNA
protein cross-links by nickel chloride”. Mutat.
Res./Gen. Toxicol. Environ. Mutagen. 514, 233-
243

Hoffman, B.M., Lukoyanov, D., Yang, Z.Y., Dean,
D.R., and Seefeldt, L.C. (2014), Mechanism of
nitrogen fixation by nitrogenase: The next stage.
Chemical Reviews 114(8), pp. 4041-4062.
Abd-Alla,M.H., Abdel-Wahab. E, EI-Enany, N.,
Allam., David M., Khalaf, F. Mohamed.M (2014),
“Synergistic interaction of Rhizobium
leguminosarum bv. viciae and arbuscular
mycorrhizal fungi as a plant growth promoting
biofertilizers for faba bean (Vicia fabal.) in
alkaline soil,” International Biodeterioration &
Biodegradation Vol 169, Issue 1, pp 49-58
Woomer, P.L, Karanja, N., Kisamuli, S.M,
Murwira. M, and Bala, A (2011), A revised manual
for rhizobium methods and standard protocols
available on the project website, www.N2
Collee,J.G., Miles, R.S. (1989),Tests for isolation of
bacteria, 13th ed., in: J.G. Collee, J.P. Duguid,
A.G. Fraser, et al. (Eds.), Mackie and MacCartney
Practical Medical Microbiolog, vol. 2, Churchill
Livingstone, New York, , pp. 456-481

Javed, K & Asghari, B. (2008), Allelopathic
Potential of Sunflower (Helianthus annus) on Soil
Metals and its Leaves Extract on Physiology of
Wheat (Triticum aetivum L.) Seedlings. African
Journal of Biotechnology, 7(18), pp. 3261-3265.

€ 2021 EPRAIJMR | www.eprajournals.com | Journal DOI URL: https://doi.org/10.36713 /epra2013


http://www.eprajournals.com/
https://link.springer.com/article/10.1023/A:1004284727885#auth-Donald_L_-Smith
https://link.springer.com/journal/11104
https://www.sciencedirect.com/science/article/pii/S0944501313001171#!
https://www.sciencedirect.com/science/article/pii/S0944501313001171#!
https://www.sciencedirect.com/science/article/pii/S0944501313001171#!
https://www.sciencedirect.com/science/article/pii/S0944501313001171#!
https://www.sciencedirect.com/science/article/pii/S0944501313001171#!
https://www.sciencedirect.com/science/article/pii/S0944501313001171#!
https://www.sciencedirect.com/science/journal/09445013/169/1
http://www.n2/

