Annual Research & Review in Biology

35(7): 56-63, 2020; Article no.ARRB.56851
— ISSN: 2347-565X, NLM ID: 101632869

Efficacy of Methanolic Leaf Extract of Hyptis
suaveolens and Moringa oleifera in the Control of
Soil-Borne Pathogens

Okoro, Chisom Augusta'  and Onaebi, Chiemeka Nwakaego'

"Department of Plant Science and Biotechnology, University of Nigeria, Nsukka, Enugu State, Nigeria.
Authors’ contributions

This work was carried out in collaboration between both authors. Author OCA designed the study,
managed the analyses of the study and wrote the first draft of the manuscript. Author OCN managed
the literature searches and edited the first draft of the manuscript. Both authors read and approved
the final manuscript.

Article Information

DOI: 10.9734/ARRB/2020/v35i730246

Editor(s):

(1) Dr. Rishee K. Kalaria, Navsari Agricultural University, India.

Reviewers:

(1) Luciana Cristina Borges Fernandes, Universidade Federal Rural do Semi-Arido, Brazil.
(2) Mbiantcha Marius, University of Dschang, Cameroon.

Complete Peer review History: http://www.sdiarticle4.com/review-history/56851

Received 03 March 2020
Accepted 09 May 2020
Published 29 July 2020

Original Research Article

ABSTRACT

Aim: Soil-borne diseases are difficult to control because they are caused by pathogens that can
survive for long periods in the absence of the normal crop host and often have a wide host range
including weeds. This present study was design to assess the antifungal assay dependent effect of
methanolic extracts of Hyptis suaveolens and Moringa oleifera on Phytophthora colocasiae and
Fusarium oxysporum.

Methods: The presence of biologically active ingredients (alkaloid, saponin, tannins, flavonoid,
terpenoids, tannins, steroids, hydrogen cyanides, phenols and glycoside) in the leaf extracts was
investigated using standard procedures. The antifungal activities of the plant extract were tested
against Phytophthora colocasiae and Fusarium oxysporum using disc and well diffusion assays.
Results: The results of the phytochemical evaluated showed that H. suaveolens, contained
significantly higher alkaloids, saponins, hydrogen cyanide, flavonoids and phenols than M. oleifera,
while on the other hand, M. oleifera contained significantly higher terpenoids, tannins, steroids and
glycosides. Consequently, H. suaveolens extract similarly recorded significantly (P < 0.05) higher
inhibition on the organisms as compared to M. oleifera. The disc diffusion assay method was more
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oxysporum.

colocasiae and Fusarium oxysporum.

sensitive than the well diffusion assay. H. suaveolens at 100 mg/ml using disc diffusion assay
method showed higher inhibition on both P. colocasiae and F. oxysporum. While M. oleifera
recorded higher inhibition on F. oxysporum at 50 mg/ml and P. colocasiae at 100 mg/ml using the
disc diffusion assay method. MIC was lowest with H. suaveolens (12.5 mg/ml) against F.

Conclusion: These results promote the identification of actives substances from these plants for
use as lead molecules in the development of new fungicides for the control of Phytophthora

Keywords: Biological control; biological efficacy; fungicides; Fusarium oxysporum; Phytophthora

colocasiae.
1. INTRODUCTION

Fusarium is a genus of filamentous fungi that
includes many toxin-producing plant pathogens
of agricultural importance. Collectively, Fusarium
diseases include wilts, blights, rots, and cankers
of many horticultural, ornamental and forest

crops in both agricultural and natural
ecosystems. Fusarium also produces a diverse
array of toxic secondary  metabolites

(mycotoxins) [1].

The soil-borne fungus, Fusarium oxysporum
Schlecht is the causal agent of vascular wilt, a
disease that affects a large variety of
economically important crops worldwide [2].
Fungal and oomyceteous plant pathogens of taro
have been reported to cause losses in taro fields
[3]. The Oomycetes water mould, Phytophthora
colocasiae Raciborski is a significant pathogen
as it causes taro leaf blight [4]. Taro leaf blight
disease is a major limiting factor in taro
production worldwide, causing up to 100% leaf
and corm losses [3,5]. The effect of fungi on a
plant can be devastating, in that, the cellular
structure can be destroyed, physiological
functions of the plant impaired and rates of
metabolism and metabolic pathways can be
altered [6].

Dellavalle et al. [7] reported that fungi are
indirectly responsible for allergic or toxic
disorders among consumers because of the
production of mycotoxins or allergens. The main

toxic effects of these metabolites are
carcinogenicity, genotoxicity, = nephrotoxicity,
hepatotoxicity, reproductive disorders and

immunosuppression [8]. In addition to this, Bajpai
et al. [9] reported that the soil-borne pathogens
focused on this study, Phytophthora colocasiae
and Fusarium oxysporumare more frequently
reported as responsible for opportunistic plant
fungal diseases associated with marked
industrial and economic losses.
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Soil-borne diseases are difficult to control
because they are caused by pathogens that can
survive for long periods in the absence of the
normal crop host, and often have a wide host
range including weeds [10]. Generally,
phytopathogenic fungi are controlled by synthetic
fungicides. However, these chemical fungicides
are not readily biodegradable, they tend to
persist for years in the environment and a few
fungi have developed resistance to them [11].
Mahdizadehnaraghi et al. [12] reported that
continuous and long-term use of chemical
pesticides in agriculture has led to environmental
contaminations and negative impacts on non-
target organisms including humans. The
increased awareness of the environmental
problems associated with fungicides has led to
the search for non-conventional chemicals of
biological origin for the management of fungal
diseases [13].

In an attempt to modify this condition, some
alternative methods of control have been
adopted. Within this context is the utilization of
plant extracts which are natural sources of
antimicrobial substances, regarded as safe and
degraded by natural soil microbes; they do not
pose any health, residual or environmental
problems at any concentration used [14].
Consequently, this present study was designed
to assess the antifungal assay dependent effect
of methanolic extracts of Hyptis suaveolens and
Moringa oleifera on Phytophthora colocasiae and
Fusarium oxysporum.

2. MATERIALS AND METHODS
2.1 Collection of Samples

The leaves of Hyptis suaveolens and Moringa
oleifera were collected in the month of
September from the Botanic Garden of the
Department of Plant Science and Biotechnology,
University of Nigeria, Nsukka and confirmed at
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the Herbarium of the Department of Plant
Science and Biotechnology. The study was
carried out in the Plant Pathology Laboratory
Department in the same Department.

2.2 Preparation of Sample

Fresh leaves of the plants collected were washed
with tap water and rinsed with sterile distilled
water. Then allowed to dry wunder room
temperature for two weeks after which they were
ground into fine powder using a Porcelain mortar
and pestle (EISCO, 150 mL) and kept in sealed
containers for extraction.

2.3 Extraction and
Analysis Procedure

Phytochemical

The extraction was carried out using modified
soaking methods as described by Doherty et al.
[15]. The methanolic extract of the plants was
prepared by soaking 100 g of the ground plant
samples in 1,000 ml of absolute methanol. The
suspension was left overnight for 24 hours before
filtering with No. 1 Whatman filter paper and
concentrated using a rotary evaporator leaving
behind the crude extracts. The crude extracts
were collected in a sterile 1000 ml round bottom
flask and stored in a refrigerator at 12°C until
required.

The presence of biologically active ingredients
(alkaloid, saponin, tannins, flavonoid, terpenoids,
tannins, steroids, hydrogen cyanides, phenols
and glycoside) in the leaf extracts was
investigated using different standard methods as
described by Anukworiji et al. [16] and Doherty et
al. [15].

2.4 Reconstitution of the Extract

The method described by Eze and Ezejiofor [17]
was used to reconstitute the Extract by dissolving
the extract in 20% concentration of Dimethyl
Sulphoxide (DMSO) (JHD, China) in the ratio of
1:10 (1 g of crude extract dissolved in 10 ml of
DMSO) to give a concentration of 100 mg/ml.
Other concentrations of 50 mg/ml, 25 mg/ml,
12.5 mg/ml and 6.25 mg/ml were made from the
stock  concentration (100 mg/ml)  while
fluconazole served as the control.

2.5 Preparation of Culture Media

Potato Dextrose Agar (PDA) (Titam biotech,
India) was used for both culturing and sub-
culturing fungi to obtain pure cultures while
Muller Hinton Agar (MHA) Titam biotech, India)
was used for Disc diffusion, Agar well diffusion
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and Dilution assay. Following the modified
method of Kalpana et al. [18], MHA was
prepared by dissolving 39 g of the commercially
available Muller Hinton Agar in 1000 ml of
distiled water. The dissolved powder was
autoclaved at 103 KNM? for 15 minutes at
121°C. The autoclaved medium was mixed
thoroughly and poured into sterile Petri dishes
approximately 25 ml and allowed to sit at
ambient temperature until when required. Potato
Dextrose Agar (PDA) was dissolved in 500 ml of
water by boiling at the same time. The filtrate of
potato broth was poured into the agar and
dextrose was added and the volume restored to
1000ml with sterile distilled water. The medium
was poured into two 500 ml conical flasks and
test tubes plugged with cotton wool and sterilized
by autoclaving at 103 KNM™ pressures for 20
minutes at 121°C. The medium was allowed to
cool and 200 ug of Chloramphenicol was added.
The medium was poured aseptically into sterile
Petri dishes and allowed to solidify.

2.6 Sources and Isolation of Test
Organisms
Diseased taro leaves for the isolation of

Phytophthora colocasiae was collected and
confirmed at the herbarium unit of the Federal
University of Agriculture, Umudike, while
Fusarium oxysporum was collected from Plant
Pathology Laboratory, Department of Plant
Science and Biotechnology, University of Nigeria,
Nsukka. The organisms were maintained on
Potato Dextrose Agar (PDA) at 12°C and
constantly revived on fresh PDA plates.

The isolation technique described by Chiejina
[19] was used for the fungal isolation while
identification of fungal isolates was based on
their macroscopic and microscopic features then
confirmed with the aid of standard mycological
identification texts by Barnett and Hunter [20],
Watanabe [21] and Agrios [22]. Inoculum
preparation was performed according to the
method described by Ohikhena et al. [23].

2.7 Determination of F. oxysporum and P.
colocasiae Sensitivity to Methanolic
Extracts of the Plants Using Disc and
Well Diffusion Methods

The Disc diffusion assay and Agar well diffusion
assay were used to measure the inhibition zone
diameter of the extracts [15,24,25,26]. The
minimum inhibitory concentration (MIC) was
determined using agar dilution assay according
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to the methods of Ohikhena et al. [23]. The
minimum extract concentration that inhibited the
growth of the pathogens will be taken to be the
(MIC).

Data collected from the study were subjected to
univariate analysis using IBM SPSS Statistics
software version 23 and significant means were
separated using least significant difference (LSD)
at P <0.05.

3. RESULTS AND DISCUSSION

Plants contain thousands of constituents which
are valuable sources of new and biologically

active molecules possessing antimicrobial
property [27]. The phytochemicals evaluated
were observed to be present in varying
proportions in the leaf extract of the two studied
plants. As presented in Table 1, H. suaveolens,
contained significantly higher alkaloids, saponins,
hydrogen cyanide, flavonoids and phenols than
M. oleifera, while on the other hand, M. oleifera
contained significantly higher terpenoids, tannins,
steroids and glycosides (Table 1). Undeniably, all
the different bioactive compounds notice in the
samples (terpenoids, tannins, alkaloids saponins,
steroids, flavonoids, phenols) are well known for
their significant inhibitory effects against bacteria
and fungi [28,29].

Table 1. Phytochemical analysis of the different plant extracts

Extract H. suaveolens (mg/100 g) M. oleifera (mg/100 g)
Terpenoids 935.80 + 0.14 1410.13 £ 0.01_
Tannins 2678.82 £ 0.00 2745.35 £ 0.00
Alkaloids 292.41 £0.01 210.17 £ 0.01
Saponins 2.07 £ 0.01 1.97 £ 0.00

Steroids 1.98 £0.00 2.19+0.00

HCN 2.25+0.00 2.11 £ 0.00

Flavonoids 637.03+0.00 590.13 + 0.00

Phenols 2394.55 + 0.00 1766.12 £ 0.00
Glycosides 238.87 + 0.01 254.23 + 0.01

*-represents significantly higher means at P < 0.05 using independent sample T-test; HCN- hydrogen cyanide

Table 2. Inhibition zone diameter for the effect of plant extract exposed with different assay
methods at different concentrations against soil-borne pathogens

Plants H. suaveolens M. oleifera

Assay Method Concentration P. colocasiae F. oxysporum P. colocasiae F.oxysporum

Disc diffusion  Control 30.00 +1.15% 30.00+0.58° 29.67 +0.33° 30.00+ 1.15°
100 mg/ml 12.67 £0.67° 12.00 £0.58°° 11.00 + 0.58* 11.00 + 0.58°
50 mg/ml 10.33+0.33% 7.33+0.33% 9.33+088" 12.67+0.88°
25 mg/ml 10.67+0.33' 10.67+067' 7.67+0.33" 12.00+0.58"
12.5 mg/ml 9.67+0.33%"  7.67+0.33" 6.83+0.12" 11.67 + 0.88"
6.25 mg/ml 12.33+0.33° 967+0.88%" 650+0.12" 10.33 +0.33"

Well diffusion  Control 20.67 £0.33% 2867 +0.67° 29.67+0.88° 29.67 +0.88°
100 mg/ml 9.00+1.15"  660+0.31"" 6.13+0.03™ 6.17+0.03™
50 mg/ml 12.00 £ 1.53*  8.00 £ 0.58' 6.10 £ 0.00™  6.13 +0.03"
25 mg/ml 6.73+0.64“" 6.83+0.60“" 6.00+0.00" 6.10+ 0.06™
12.5 mg/ml 6.78 £ 0.15“™  7.67 +0.33" 6.00 + 0.00™  6.13 +0.03"
6.25 mg/ml 6.95+0.55  6.17+0.17™ 6.00+0.00" 6.00 +0.00"

Data are presented as mean + standard error and means with different alphabets representing significant
differences using Least Significant Difference (LSD = 0.83) at P < 0.05

Table 3. The MIC (mg/ml) of plant extracts on soil-borne pathogens using agar dilution assay

Plant species

P. colocasiae

F. oxysporum

Hyptis suaveolens 50
Moringa oleifera 50

12.5
50
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Fig. 1. Graphical representation of inhibition zone diameter against plants, organisms and
assay methods
*-significantly higher mean and P < 0.05
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Fig. 2. Graphical representation of inhibition zone with extract concentration
Bars with different alphabet represent significant differences (P < 0.05)

The result in Fig. 1 showed that on the average,
H. suaveolens extract recorded significantly
higher inhibition on the organisms as compared
to M. oleifera. The disparities observed in the
action of the plant on the inhibition could be as a
result of the quantity of phytochemicals present
in the leaf extract. The higher alkaloids,
saponins, hydrogen cyanide, flavonoids and
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phenols observed in H. suaveolens would be
responsible for the inhibitory effect of the plant.
More so, H. suaveolens was observed to have a
higher concentration of phenols than other
compounds. Phenolic compounds had been
described to be part of the many phytochemicals
found in plants [30]. These compounds are
strongly related in defending plants against any
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invading enemy, such as pests or pathogenic
microorganisms, working as a molecular
response mechanism to intense stress conditions
[31]. Similarly, disc diffusion assay method was
more effective than the well diffusion assay
method, which is in agreement with the work of
King and Dykes [32] who revealed that the well
diffusion assay hindered diffusion of each of their
test agents used to a larger extent, probably
because in the well diffusion assay the agent is
not initially in direct contact with the organism
and must first diffuse into the agar to exert an
antimicrobial effect [32]. However, the response
of the organism to the treatments was similar

(Fig. 1).

There was a significant increase in the inhibition
of the extracts with increased concentration (Fig.
2). However, fluconazole (32 mg/ml) used as the
positive control recorded significantly higher
inhibiton. DMSO which was used as the
negative control because it was used as a
solvent in dissolving the extracts showed no
significant effect on the growth; hence inhibition
zone diameter was not measured. The increase
in inhibition with increasing concentration is an
indication that if higher concentrations are used,
higher inhibition rates would be observed.
Generally, the results of this research equally
revealed that H. suaveolens and M. oleifera
contain fungi toxic compounds since they were
able to inhibit the growth diameter of the
pathogens. This agrees with earlier reports of
several workers on different fungal organisms
[24,33,34,35,36]. However, the efficacy of the
extracts differed with the assay method and
concentration. As observed in Table 2, H.
suaveolens at 100 mg/ml using disc diffusion
assay method showed higher inhibition on both
P. colocasiae and F. oxysporum. M. oleifera
recorded higher inhibition on F. oxysporum at 50
mg/ml using the disc diffusion assay method and
at 100 mg/ml using the disc diffusion assay
method it recorded higher inhibition on P.
colocasiae (Table 2). The lower MIC value of H.
suaveolens (12.5 mg/ml) is indicated that it is
more effective against F. oxysporum as it
inhibited the growth of the pathogen even at
lower concentrations (Table 3).

4. CONCLUSION

The results of this study have shown that H.
suaveolens and M. oleifera had the potential to
inhibit P. colocasiae and F. oxysporum, however,
H. suaveolens showed higher inhibitory effects.
The higher inhibitory effect of H. suaveolens can
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be linked to the presence of alkaloids, saponins,
hydrogen cyanide, flavonoids and phenols in the
extract. The next phase of this research is
focused on isolating and identifying active
compounds in the extracts which could be
utilized as leads molecule(s) in the development
of new fungicides for the control of P. colocasiae
and F. oxysporum. More so, the assay method is
also a contributing factor in the efficacy of the
extract. The disc diffusion assay method proved
to be more sensitive than well diffusion assay in
this study.
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