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Abstract

Fungicides are widely used in conventional agriculture to control plant disease. Prolonged usage
often poses health problems. As modern society is becoming more health conscious, the use of
botanicals is now emerging as one of the prime means to protect crops, their products and the
environment from pesticides. The present study was undertaken to screen five selected plants
(Piliostigma thonningii; Maytenus senegalensis; Nauclea latifolia; Vernonia amygdalina and
Cassia sieberiana); apply standard scientific procedures and to determine the toxicity and test
their effectiveness for the control of Phytophthora infestans the causal organism of late blight of
potato under field conditions. The experiment was arranged in completely randomized block
design (CRBD). Botanicals were sprayed on well-established plants before disease occurrence
and continued for 2 months at 3 days interval. Data was recorded on phytochemicals,
chemomicroscopy of the various plant parts; disease severity and reduction. In the field trials, the
greatest reduction of disease severity was achieved by C. sieberiana at 5% concentration and the
least was obtained when potato plants were treated with M. senegalensis at 1% and 5%
concentrations (46.1% and 45.2% respectively). The treatments were moderately effective, so
these plants with antifungal properties could be utilized against the pathogens, at least to lessen
the impact of the pathogen. These naturally occurring extracts or botanicals have a bright future
in modern plant protection to replace conventional synthetic pesticides.
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INTRODUCTION

The need to ensure security is often the prime factor governing a farmer’s decisions, a
fact which is often ignored. The main concern of developers and Scientists is to produce more,
but what farmers seek, above all, is to live better by reducing the risk factors. The incidence and
severity of pests have increased. All together, pests are responsible for the loss of a very
significant proportion — usually estimated at around 35% of the world’s crops. Their ravages
starve the hungry of food and severely reduce the yield of cash crops (Deshi et al. 2014a; Chaube
and Pundhir, 2005). Although pests are considered a major, if not the main constraint to increase
crop productivity, such severe yield damages are seldom a permanent threat requiring continued
and scheduled use of pesticides as insurance against income loss.

Late blight, caused by Phytophthora infestans, is an important and destructive disease on
potato. It has historical significance as the cause of the Irish Potato Famine during the 1840s.
This famine resulted in the death of more than one million people and the displacement of nearly
two million more during a short, five-year period. This Irish Potato Famine is a devastating
example of the epidemic potential of late blight. When late blight is present in a location or is
introduced and environmental conditions are favourable, devastating crop loss can result if
preventative control measures have not already been implemented.

The application of pesticides to combat the pests affecting the crop; has been increasing
steadily. The use of pesticides has helped to increase production and productivity of crops. This
cannot be disputed but basically the use of pesticides is another form of loss caused by diseases
and other pests. In addition, they have caused recurrence, resurgence and resistance in the pests
besides, causing extreme pollution of agro-ecosystem and the environment. Pesticides use
usually comes along with a gamut of related problems. The effects of pesticides extend beyond
agricultural systems. When this happens, the pesticide is often considered an environmental
pollutant. Aside from this, most farmers do not have the economic means and knowledge or skill
to control pests chemically.

Pest control is one of the key areas that affect profitability of farming. An important
reserve for raising productivity and increasing the gross output of agricultural products is the
elimination of losses of the harvest due to pest, plant disease and weeds. Most of the efforts in
the past few years for the effective control of plant diseases have been focused on effective
eradication or prevention through the development of synthetic chemical fungicides (Bajpai et al,
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2004). However, increasing worry over the environmental load caused by the presently used
synthetic fungicides has necessitated the search for fungicides of biological origin due to their
numerous advantages over the synthetics (Parvu et al, 2010; Abubakar, 2009; Iherijika, 2002;
Abdel-Hafez et al. 2014).

Bioactive compounds in plants can be defined as secondary plant metabolites eliciting
pharmacological or toxicological effects. Secondary metabolites are produced within the plants
besides the primary biosynthetic and metabolic routes for compounds associated with plant
growth and development. Several of them are found to hold various types of important functions
in the living plants such as protection, attraction or signalling (Bernhoft, 2010).

MATERIAL AND METHODS
Collection of Plant Materials

A range of plant materials were collected from their habitats at various locations within
Central Zone of Plateau State, North Central, Nigeria during March 2013 — August, 2014. The
identification of the plants were carried out with the aid of Internet resources and Medical Plants
Handbook. Suspected Sample Validation was carried out in the Department of Plant Sciences
and Technology, University of Jos, Nigeria where the voucher specimens was deposited in the
herbarium of the department. All plants selected and used (table 1) were informed by discussion

with various traditional healers.

Table 1. Test Plants used for naturally occurring antifungal agents and assays

Name Family Plant part used
Pliliostigma thoninningii (Shum.) Fabaceae Flower, fruit, leaf, bark
Maytenus senegalensis Calatraceae Leaf, stem, bark, root
Nauclea latifolia Rubiceae Leaf, stem, root
Vernonia amygdalina Del. Asteraceae Leaf, stem, root, seeds
Cassia sieberiana Fabaceae

IJSER © 2015
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research, Volume 6, Issue 7, July-2015 1994
ISSN 2229-5518

Preparation of Plant Extracts

Fresh plant parts were collected, weighed and shade-dried. They were ground to fine
powder using sterilized pestle and mortar. The powder was stored in air tight bottles. The
technique described by Odey et al. (2012) was used with slight modifications. Each residue was

used to prepare solutions of different concentrations for test of antifungal activities.

Laboratory Procedures

The fractions of various plant powder extracts were subjected to preliminary
phytochemical screening to identify the secondary metabolites present. The methods of analysis
employed were those described by Trease and Evans (2004); Harbone (1998) and Soforowa
(1993). Using conventional protocols for detecting the presence of alkaloids, tannins,
carbohydrates, saponins, plavonoids, steroids, anthraquinones and cardiac glycosides.
Chemomicroscopy were also conducted.

Mycological Studies:
Chemical and reagents: All the chemicals and solvents used in this study were standard and of

analytical grade.

Isolation and pathogenicity tests of causal pathogen: Sis fungal isolates were isolated from
naturally infected potato leaves and tubers showing blight symptoms. Pathogenicity tests of
Phytophthora infestans isolates were carried out. The inoculums were prepared by culturing each
of the tested isolates on PDA medium at 27°C for 15 days. Then 10ml of sterile distilled water
was added to each plate and colonies were carefully scraped with sterile needle. The resulting
conidial suspension from each isolation was adjusted to 5 x 10° spores/ml and used on 20 potato
plants using an atomizer. After inoculation, plants were covered with polyethylene bags for 48
hours; bags were removed and plants were kept under greenhouse conditions. Two weeks after
inoculation, disease severity was recorded in each treatment following the score chart proposed
by Hadian (2012).
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Field testing of plant extracts against late blight disease: Field trials were conducted for two
consecutive growing seasons (2013 and 2014) at the Teaching and Research Farm of the
Department of Agricultural Science Education, Federal College of Education, Pankshin outskirt
of the city of Jos, Plateau State, Nigeria. The field shows late blight incidence during 2012
cropping season (plates 1 and 2). Hence experiment is carried out at the natural inoculums
potential of the soil. Field preparations were done mechanically during the growing seasons. The

experiments were conducted in 2 x 2 m? plots with replications.

Data Analysis and Presentation: Statistical analysis was performed using SPSS version 11.0
Computer Package and the pooled mean values were separated on the basis of least significant
difference (LSD) at the 0.05 probability level. Experiment carried out in a single factor,
completely randomized block designs (CRBD).

Plate 1: Potato field showing late blight Plate 2: Late blight outbreak in neighbouring
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Table 2: Phytochemical profiles of the various studied plants (showing the presence of secondary metabolites).

1996

Study Plants/Parts

Constituents P. thonningii M. senegalensis N. latifolia V. amygdalina C. sieberiana
Flowe Frui Leaf Bar Leaf Stem Bar Root Leaf Stem Root Leaf Stem Root Leaf Stem Root Seed
r t k k

Alkaloids - +++ 4+ + - ++ - + - +++  ++ - + - + + + +
Carbohydrates + ++ 4+ A - - - - + ++ + + + + + o+ 4
Cardiac +++ 4+ + - -+ o+ + A+ + + + + O+
glycosides

Anthraquinones + - + o+ o+ + + - ++ + - - - - ++ 4+ -
Flavonoids +++ A+ - - - - ++ + 1 + + +++ -
Reducing sugar 4+t
Saponins ++ - + + ++ - + 4+ o+ + + + + o+ -
Steroids +++ + + + + it 4 ++ + + + + - - + - +++ -
Tannins ++ + ++ - ++ + + + + + -
Triterpene + + + + + + +

Key: + = Low concentration;

++ =

moderate; +++ = High concentration; - = not detected.
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Table 3: Chemo-microscopy of various plant parts showing the presence of some primary metabolites.

Study Plants/Parts

P. thonningii M. senegalensis N. latifolia V. amygdalina C. sieberiana
Constituents Flowe Frui Leaf Bar Leaf Stem Bar Root Leaf Stem Root Leaf Stem Root Leaf Stem Root Seed
r t k k
Calcium oxalate + ++ + 4+t + - - + ++  +++ O+ + + + + + -
Lignin + +++  ++  ++ ++ + + - + +++ + + + + + + + -
Proteins +++  ++ + + + - - + + +++ +
Oil and Fats - - - - - - - - + - - - - - - - - +
Starch + ++ + + ++  ++ + +++ o+ ++ + + + + + + + -
Tannins ++ + - - - ++ +

Key: + = Low concentration; ++ = moderate; +++ = High concentration; - = not detected.
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Table 4: Influence of five plant extracts on late blight disease of potato under green house and field conditions.

Concentration Green house conditions Field Conditions
Treatment (%) Disease Severity ~ Reduction (%)  Disease Severity Reduction (%)
’ (%) (%)
P. thonningii 1 28.7° 47.0 37.9° 36.0
5 26.4° 51.2 36.2° 38.9
M. senegalensis 1 35.2° 34.9 46.1° 22.1
5 30.3° 44.0 45.2° 23.6
N. latifolia 1 27.8° 48.6 41.3" 30.2
5 24,3 55.1 38.2° 35.5
V. amygdalina 1 19.4%° 64.1 28.4¢ 52.0
5 17.2%° 68.2 27.1¢ 54.2
C. sieberiana 1 20.8" 61.6 27.3¢ 53.9
5 15.3¢ 71.7 25.19 57.6
Infected control 54.1* 0.0 59.2* 0.0

Values in the column followed by different letters indicate significant differences among treatments according
to the least significant difference (P = 0.05)
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RESULTS

The potential of natural products has been recognized since antiquity. Table 1 showed
the plants selected for use in the present study. All the plants selected and used were informed by
a discussion with various traditional healers. Products research of the past decades have clearly
demonstrated that natural products represent an unparalleled source of molecular diversity for
drug discovery and development that fight disease. Results from table 2 are various plant
powdered extract subjected to preliminary phytochemical screening, these help to show and
identify the secondary metabolites present on each plant extract. The phytochemicals detected
are: alkaloids, anthraquinones, carbohydrates, cardiac glycosides, flavonoids, reducing sugar,
saponins, steroids, tannins and triterpene.

A total of eighteen (18) plant extracts from the five (5) plants were tested for the
presence or absence of ten (10) secondary metabolites (18 x 10 = 180). One hundred and twenty
were found present while sixty (60) were absent amongst the plant extracts. Cardiac glycosides
and tannins (16 each) had highest occurrence, followed by saponins (15); carbohydrates and
steroids, (14 each); flavonoids (13). Alkaloid and anthraquinones had 12 and 11 respectively
while triterpene and reducing sugar had the least (7 and 2 respectively).

Carbohydrates, flavonoids, reducing sugars and triterpene were not detected in all the
Maytenus senegalensis parts used in this study. Reducing sugars and triterpene were only
detected in Vernonia amygdalina and Cassia sieberiana extracts. This study also reveals the non
presence of anthraquinones in V. amygdalina. Some of these secondary metabolites appear in
certain parts of the same plant with differential concentrations (table 2).

Table 3 is the result of chemo-microscopy of a total of eighteen (18) plant parts
showing the presence of some primary metabolites (calcium oxalate, lignin, proteins, oil and fats,
starch and tannins). Calcium oxalate was detected in 15 parts; starch was detected in all extracts
except in the seeds of Cassia sieberiana. Lignin was next to starch ‘®/15. Protein presence was
only detected in three of the study plants (table 3) and tannins occurring in only two (M.
senegalensis and Nauclea latifolia) while oil and fats occurred moderately in the fruit of
Piliostigma thonningii and as traces in N. latifolia and C. sieberiana.

The different concentration of the five plant extracts significantly reduced the late
blight disease (Table 4). The most effective treatments with plant extracts under greenhouse
conditions were C. sieberiana at 1% and 5% concentration, followed by V. amygdalina at 1%
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and 5% concentration. The least reduction of disease index was achieved by M. senegalensis at
both 1% and 5% concentrations (34.9 and 44 respectively). Other treatments with plant extracts
were moderately effective.

All treatments significantly reduced the late blight disease under field conditions
(Table 4). The greatest reduction of disease severity was achieved by C. sieberiana at 5%
concentration and the least reduction was obtained when potato plants were treated with M.
senegalensis at 1% and 5% concentrations (46.1% and 45.2% respectively). The other treatments

were moderately effective.

DISCUSSION

Natural compounds of plant origin are biodegradable, often of low toxicity and pose
low danger to the environment if used in small amounts (Keita et al. 2001; Okosun and Adedire,
2010). Plants are capable of synthesizing an overwhelming variety of small organic molecules
called secondary metabolites. This agrees with the finding of the present study in which ten (10)
of such were detected (Table 2). Other workers (Al-Samarali et al:, 2005) had reported that the
biosynthesis of several secondary metabolites is constitutive.

Laboratory studies of extracts of plant species have revealed powerful fungitoxicities in
relation to many fungal pathogens (Hay and Waterman, 1993). Such bioactive chemicals either
exhibit germination, growth and multiplication of pathogens or lethal to the pathogens. Several
workers (Bhatm, 2001; Letessier et al., 2001; Parven and Kumar, 2002; Agrios, 1997;
Kamalakannan et al., 2001; Meena and Muthsamy, 2002) had shown that many plants extracts
control many anamorphic fungal plant pathogens and also effective against other Ascomycota
and Basidiomycota leaf pathogens. They assessed the potential biological activity of extracts
from a wide range of plants on various micro organisms.

The high blight reduction observed by C. sieberiana followed by V. amygdalina, then
P. thonningii in this study showed that they have high fungicidal properties with C. sieberiana
recording the highest. This is in line with Kim et al. (2004); Abubakar (2009); Abdel-Hafez et al.
(2014); Cohen et al. (2003), Al-Samarai et al (2012) who previously had discovered the
effectiveness of antifungal activity of some aqueous plant extracts.

Organic, plant based pesticides that rely on plants’ natural defenses against pathogens
may not only be effective and inexpensive for protecting crops, but also safer and more
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environmentally friendly. The greenhouse and field experiments indicated that the foliar sprays
of potato plants with plant extract resulted in a significant reduction in late blight infection.
These results are similar to previous works on the role of plant extracts in fungal disease control.
Several authors including Curtis et al. (2004); Krebs et al. (2006); Qaesem and Abu-Blan (1996)
Ro”hner et al. (2004) reported that plant extracts from non-host plant species caused reduction of
the late blight disease and suppressed the mycelia growth of Phytophthora infestants.

Many higher plants have been reported to produce economically important organic
compounds, representing large reservoir of chemical structures with biological activity (Ncube et
al. 2008). Biologically active compounds from plants will often have activity against organisms
with which the producing plant does not have to cope. Recently, in different parts of the world,
attention has been paid towards exploitation of higher plant products as novel chemotherapeutics
for plant protection because they are mostly non phytotoxic and easily biodegradable (Isman,
2006). Such products of higher plant origin may be exploited as eco-chemical and biorational
approach in integrated plant protection program (Hadian, 2012).

Medicinal plants remain a rich source of novel therapeutic agents. Many plant species
are still unevaluated chemically or biologically. Several studies regarding the action of plant
extracts against some phytopathogenic fungi have been performed (Al-Samarai et al. 2012; Kim
et al. 2004; Abubakar, 2009; Parvu et al. 2010). The quality and quantity of the biologically
active compounds from plant extracts significantly depend on the species, the plant organ and
harvest time (Abubakar, 2009; Gujar et al. 2012; Al-S amarai et al. 2012; Iherijika, 2002; Orji et
al, 2003).

CONCLUSION

Plant based antimicrobials represent a rewarding and vast untapped resources and have
enormous potential for developing antimicrobial agents. The natural product compounds
detected from the five studied plants have some form of biological activity, those known as
active principles and such could evolve to become a discovery “lead.” A continued exploration
of medicinal plants are needed today so that those plants that have shown promising antifungal
activity can be investigated further.
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