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ABSTRACT

Most researchers have majored on research to improve tomato production while neglecting post-harvest
issues. Control of the post-harvest diseases in tomato is by use of synthetic pesticides. However, current
research shows that pesticides are toxic with long residue effect. Some of the products are rejected in the
market due to high chemical residue levels resulting to losses. A sustainable solution to this problem can
be obtained from bio-controls that are environmental friendly. In this study, three different crude plant
extracts (ginger rhizomes, neem leaves and garlic bulbs) were evaluated in-vitro at different
concentrations for the control of pathogens causing tomato post-harvest rots. The used concentrations
were: 1, 2, and 3mg/ml. The isolated and identified pathogen species used in this study were Fusarium,
Rhizopus, and Geotrichum. Pathogen growth media (Potato Dextrose Agar) were amended with the
different concentrations of the selected crude plant extracts and the pathogens introduced into the media.
Radial growth of the fungal pathogens was measured at an interval of twenty four hours after the second
day for seven days and was compared with the control. Results showed that all extracts’ concentrations
had antimicrobial effect against the test pathogens with garlic having the highest bio-control activity.
However, the antimicrobial effect varied with the concentration and the plant species. From the study it
is evident that plant extracts can be used as safe alternatives for management of post-harvest rot causing
pathogens in tomato fruits thus safeguarding the human health and the environment.
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INTRODUCTION

Tomato is one of the most important vegetables that is widely produced in the world and consumed after
potato M. It is an important commercial vegetable crop in Kenya which is grown both in green houses
and open fields. Open field amounts to about 95% while greenhouse production averages 5% of the total
production 2. In Kenya tomato constitutes 7% of the total horticultural produce and 14% of the total
vegetables produced 1. Production in Kenya averages 410,033 tonnes of tomato fruits per year 1. The
crop is grown for its fruit that is widely used in households for stews, juices, soups, salads, sauce and
pastes [, The fruit is rich in minerals such as iron, potassium, calcium, zinc etc, vitamins A, B, C and E
and lycopene which is an antioxidant that prevents cancer, heart disease and muscular degradation [,
The fruit is also cholesterol free, low fat content and a good source of fibre and proteins B,

Despite the human need of tomato fruit, it is a very perishable fruit with a short shelf life and very prone
to post-harvest pathogens which cause significant losses on harvested fruits during transportation and
storage. These losses are either on-farm or off-farm losses. Developing countries of Sub-Saharan Africa
experience the highest post-harvest tomato fruit losses in the fruit and vegetable supply chains 1. This is
because the developing countries allocate less than 5% of the resources on post-harvest while more than
95% of the resources are on the production 1. Most scientists have focused research on production but
neglecting post-harvest issues /1. This result to increased production but this does not translate to profit
because of post-harvest rots. In Kenya tomato post-harvest losses averages 55.3% every year [, Some of
these losses are caused by fungi and bacteria . Some of the common pathogens causing tomato post-
harvest rots include, Fusarium oxysporum that causes fusarium rot, Aspergillus niger that causes
aspergillus rot 11 and Rhizopus stolonifer that causes rhizopus rot 1%, Other fungal species known to
cause post-harvest tomato fruit decay include Aspergillus flavus, Penicillium spp and Fusarium solani 4.

Reducing post-harvest losses improves the welfare of farmers and the consumers thus increasing food
availability . Successful control of post-harvest decay of vegetables and fruits is by use of different
kinds of fungicides that are synthetic (- 121, However, use of the fungicides has been coupled with major
concerns which include: consumers’ complain over residues of pesticides on foods which may be
poisonous and carcinogenic; fungi developing strains that are resistant to fungicides due to fungicides
being used excessively; and pollution of the environment. The synthetic fungicides are health hazards to

236


http://www.phytopharmajournal.com/Vol10_Issue4_04.pdf

The Journal of Phytopharmacology

farmers and consumers, toxic to non-target organisms such as pests’
natural enemies and other beneficial organisms [13l. The consumer
market has developed strategies in regard to maximum residue levels
in fresh fruits and vegetables 4, This has resulted to some of the
products being denied lucrative market resulting to losses. The
rejected products are brought back to the local market where they are
sold at low prices. Since in the local markets there is nothing to
measure the chemical residue levels in the fruits and vegetables, the
consumers buy them because they are appealing to the eyes and
therefore end up consuming the chemical residues. There is therefore
the need to explore use of post-harvest disease management methods
that are effective and pose less risk animal and human health and the
environment.

Organic products originating from plants and their analogues have
been evaluated as vital sources of agricultural microbicide which act
as anti-microbials for control of pathogens affecting crops [5 161,
Pesticides from plant origin “referred to as botanicals” are bio-
degradable, environmentally friendly, cheap and easy to obtain.
According to Arokiyaraj et al. [l Shanmugavalli et al. [18],
Swarnalatha and Reddy !, new development of organic pesticides of
plant origin can be done cheaply. Ramazani et al., [ reported that
chemicals of plant origin are economical, broad spectrum and bio-
efficacious. They degrade faster than chemical pesticides, are less
likely to destroy beneficial organisms and therefore considered to be
environmental friendly. According to llondu et al. [?1 essential oils
and phenolics from plants have restraint outcome on micro-organisms.
Adaskaveg et al. ™ and Serrano et al. 24 documented that garlic can
be an organic alternative pesticide for management of Penicillium
digitatum.

Dushyent and Bohra 2 tested the impact of eleven different plant
extracts on growth of Alternaria solani mycelia and discovered that
exracts from Salsola baryosma and Tamarix aphylla leaves totally
restricted pathogen growth in vivo. Reports by Stoll 41 and Oparaeke
1251 indicated that ginger, neem and garlic extracts harbored some
insecticidal properties that manage a broad scope of insect pests such
as Clavigralla tomentosicollis and Maruca vitrata. This study aimed
at evaluating the antimicrobial activity of selected crude plant extracts
(ginger rhizome, neem plant leaf and garlic bulb) against post-harvest
rot causing micro-organisms (Fusarium sp, Geotrichum sp, Rhizopus
sp and Erwinia sp.) in tomato fruits to serve as an alternative to
synthetic pesticides.

MATERIALS AND METHODS
Isolation of Pathogens from Infected Tomato Samples

Rotten tomato fruits were collected from farms and markets for
pathogen isolation and were brought to the laboratory. Potato
Dextrose Agar (PDA) was the standard media used for fungal
isolation. The infected tomato samples were first washed in running
tap water and then surface sterilized for 3 minutes using 1% sodium
hypochlorite before rinsing them in three changes of sterilized
distilled water. A sterilized blotting paper was used to blot the fruits
dry. A disinfected scalpel was used to make a 3mm X 3mm cut
moving from the healthy area to the rotten area where rot causing
pathogens were likely to be more active. The tissues were dried of the
juice using sterile blotting paper and directly plated on the sterile PDA
petri-dishes and incubated for four days. To obtain pure cultures,
single spore isolation was carried out. Sub-culturing was done to
obtain pure cultures that were morphologically identified before being
used in the experiment.

Preparation of Crude Extracts from Plants

The test crude extracts were attained from garlic (Allium sativum)
cloves, neem (Azadirachtin indica) leaves and ginger (Zingiber
officinale) rhizomes. The neem leaves were picked from Kenya
Agricultural and Livestock Research Organization (KARLO) station
in Embu while the ginger rhizomes and garlic bulbs were obtained
from Mwea open air market. The process of extraction followed a
revised procedure outlined by Handa et al. (261, The ginger rhizomes,
neem leaves, and peeled garlic cloves were first washed under tap
water before rinsing in three changes of sterilized distilled water and a
disinfected blotting paper was used to blot them dry. Garlic cloves and
ginger rhizomes were first chopped into smaller pieces and all
materials were dried oven separately for three days at a temperature of
40°C. A kitchen blender was used to grind separately the plant parts
into powder and placed in sterilized dull bottles at room temperature
in the laboratory. Grinding was done to facilitate the mass transfer of
active ingredients from the plant material to the solvent by
maximizing the surface area.

One hundred and fifty (150 mls) of methanol was used to soak 50 gms
of each of the powder in different conical flasks making sure that the
all the powder was completely immersed into the solvent. The mixture
was allowed to stand at room temperature but shaking vigorously at
different intervals for two days. The extract was filtered through a
filter paper and the filtrate poured into sterile universal bottles. The
crude extract was concentrated by evaporating the solvent using a
vacuum evaporator. After evaporation a concentrate was obtained
which was later dried in an oven at a temperature of 40°C for two
days to evaporate the remaining methanol. The concentrate was stored
in air tight bottles in the refrigerator at 4°C.

Experimental Design and Layout

The experiment was carried out at Kenyatta University Department of
Agricultural Science and Technology Laboratory. The experiment was
laid out as a completely randomized design consisting of four
treatments replicated four times. The treatments included: three
concentrations of the crude plant extracts (1mg/ml, 2mg/ml and
3mg/ml) dispensed into four petri-dishes and a control. To make the
required concentrations, the crude extracts were weighed separately 1
mg, 2 mg and 3 mg of ginger, neem and garlic concentrates
respectively. 1ml of dimethyl sulfoxide (DMSO) was used to dissolve
each of concentrate and then in 1ml of sterilized distilled water to
form different concentrations of the solutions. Hundred (100) ml of
PDA was amended with 3 ml of each of the concentrations of the
different extracts respectively and dispensed into four Petri-dishes
with four replicates. For negative controls, 3 ml of water was mixed
with the media. The media were allowed to cool and solidify. One
week old 5 mm fungal culture discs of Fusarium sp., Rhizopus sp. and
Geotrichum sp. were cultured at the centre of each Petri-dish per
replicate and incubated at room temperature. Data on fungal growth
was collected from the second day to the seventh day by measuring
the radial growth from each of the treatment at an interval of 24 hr.
The mean of the fungal growth on the amended media was compared
with the control.

Data Analysis

The antimicrobial activity of the plant extracts to the test pathogens
and effects of the concentrations was analysed using SAS one way
ANOVA and separation of means done using Students-Newman-
Keuls Test (SNKT p<0.05).
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RESULTS

Efficacy of Different Crude Extracts Concentrations on Radial
Growth of

Fusarium sp.

The study revealed that all the plant extracts had antimicrobial effects
on the test pathogen by causing radial growth inhibition as compared
to control but their anti-microbial activity varied significantly (<
0.001) with concentration and the plant type. Growth of Fusarium sp.
was inhibited in all neem extract concentrations. At 1mg/ml
concentration Fusarium sp growth was noted in ginger and garlic but
it was far much lower than the untreated control (Table 1). At 2 mg/ml
garlic concentration, growth of Fusarium sp. was also completely
inhibited but the pathogen exhibited a slow growth on the PDA
amended with ginger extract. At 3gm/ml concentration there was
100% Fusarium growth inhibition in all the extracts. There was a
significant difference (p<0.001) in the bio-control activity of the first
two concentrations of ginger and garlic on Fusarium sp.

Table 1: Efficacy of crude extracts on radial growth (mm) of
Fusarium spp.

Table 2: Efficacy of crude extracts on radial growth (mm) of
Geotrichum sp.

Concentration  Neem Ginger Garlic p-value
(mg/ml) meanRG+SD meanRG+SD meanRG+SD

0 34.80+2.420¢  34.80+£2.42%¢  34.80+2.42% -

1 7.70+£2.08% 6.10+£1.07%° 5.00+0.00* <0.001
2 6.20+£1.20 5.60+0.50% 5.00+0.00* <0.001
3 5.00+0.00° 5.00+0.00° 5.00+0.00 -
p-value <0.001 <0.001 -

Concentration Neem Ginger Garlic p-

(mg/ml) meanRGxSD  meanRG+SD  meanRG+SD  value

0 42.85+2.68° 42.85+2.68° 42.85+2.68° -

1 5.00+0.00% 6.40+0.50%° 5.40+0.825° 0.01

2 5.00+0.00% 5.20+0.4152 5.00+0.00% 0.012

3 5.00+0.00% 5.00+0.00% 5.00+0.00% -
<0.001 0.012

Mean values followed by the same lower case within the same column are not
significantly different (One way ANOVA, Students-Newman-Keuls test, ¢=0.05) while
mean values followed by the same upper case within the same row are not significantly
different (One way ANOVA, Students-Newman-Keuls test, a=0.05)

RG refers to radial growth and it includes inoculum disc which was 5mm

Efficacy of Different Crude Extracts Concentrations on Radial
Growth of

Geotrichum sp.

Results obtained revealed that the extracts from the three plant
inhibited radial growth on Geotrichum sp. as compared to the control
but the fungicidal ability varied significantly (p<0.001) with extracts’
concentrations and the type of the plant extract (Table 2). At 1 mg/ml
concentration, effects of the three plant extracts on Geotrichum spp.
differed significantly (p<0.001). At 2mg/ml concentration, the effects
of the extracts on Geotrichum sp. also differed significantly
(p<0.001). The most effective concentration in reducing Geotrichum
sp. radial growth in all extracts was the 3 mg/ml. The antifungal
activity of neem differed significantly (p<0.001) at varying
concentrations with 3mg/ml showing highest growth inhibition. The
antimicrobial activity of ginger also differed significantly (p<0.001) at
1mg/ml and 2mg/ml concentrations. The 3 mg/ml concentration was
the best in reducing the radial growth of Geotrichum sp. Garlic had
the highest efficacy in restraining the growth of Geotrichum sp.
among the tested extracts and it excellently inhibited the growth of the
test pathogen in all the concentrations.

Mean values followed by the same lower case within the same column are not
significantly different (One way ANOVA, Students-Newman-Keuls test, 0=0.05) while
mean values followed by the same upper case within the same row are not significantly
different (One way ANOVA, Students-Newman-Keuls test, a=0.05)

RG refers to radial growth and it includes inoculum disc which was 5mm.

Efficacy of Different Crude Plant Extracts Concentrations on
Radial

Growth of Rhizopus sp.

The results obtained from the study revealed that the three plants
extracts portrayed varying antifungal effects on Rhizopus sp. as
compared to the control although their antifungal property differed
significantly with the concentration (Table 3). All the concentrations
of garlic extract completely inhibited the growth of the Rhizopus. The
1 mg/ml and 2 mg/ml concentration of neem and ginger extracts did
not differ significantly in their fungicidal activity against Rhizopus sp.
In ginger the bio-control activity in 1mg/ml and 2mg/ml
concentrations did not differ significantly against the test pathogen.
The antimicrobial activity of neem varied with the concentrations. At
3 mg/ml concentration radial growth of Rhizopus was completely
inhibited in all the extracts respectively.

Table 3: Efficacy of crude extracts on radial growth (mm) of
Rhizopus sp.

Concentration Neem Ginger Garlic p-
(mg/ml) meanRGzSD meanRG+SD  meanRG+SD  value
0 80.15+0.89°  80.15+0.89¢ 80.15+0.89¢ -

1 7.20+1.77% 6.70+3.57%0 5.00+0.00% 0.010
2 5.85+0.885° 5.55+1.1580 5.00+0.00% 0.007
3 5.00£0.004%  5.10+0.11% 5.00£0.0042 0.012
p-value <0.001 0.028 -

Mean values followed by the same lower case within the same column are not
significantly different (One way ANOVA, Students-Newman-Keuls test, a=0.05) while
mean values followed by the same upper case within the same row are not significantly
different (One way ANOVA, Students-Newman-Keuls test, a=0.05)

RG refers to radial growth and t includes inoculum disc which was 5mm.

Comparative Response of Varying Extracts on the Test Fungal
Pathogens

From the results, it was evident that all the extracts from the test
plants contained antimicrobial properties against the test fungi,
although the bio-control activity of the extracts varied with type of the
plant (Table 4). The test pathogens responded differently to the
different crude extracts. The efficacy of the extracts differed
significantly (p<0.001) as compared to the control on all the test
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pathogens. On Geotrichum sp, the fungicidal activity of the extracts
differed significantly with garlic being the most effective followed by
ginger. The most effective crude plant extract on Fusarium sp. was
neem crude extract, followed by garlic and last was ginger. However,
neem extract was less effective on Geotrichum sp. The antimicrobial
properties of ginger and neem extracts did not differ significantly on
the Rhizopus pathogen. However, garlic extract portrayed a higher
antifungal activity against all the pathogens as compared to ginger and
neem. Fusarium spp. was the most susceptible pathogen whose radial
growth was mostly restricted by all the extracts used in the study
compared to other pathogens (Table 4). There was no significant
difference between the susceptibility of Geotrichum spp. and
Rhizopus spp. on ginger and garlic extracts. The unamended control
differed in growth as compared to other treatments.

Table 4: Efficacy of crude extracts on the test fungi

Geotrichum Fusarium Rhizopus
Treatment Mean RG+SE Mean RG+SE MeanRG=SE
Control 34.80+2.42¢ 42.85+2.681 80.15+0.89°
Neem 6.30+0.23° 5.00+0.00* 6.02+0.19°
Ginger 5.57+0.10° 5.60+0.09° 5.75+0.29°
Garlic 5.00+0.00* 5.13+0.06° 5.00+0.00*
p-value <0.001 <0.001 <0.001

Mean values followed by the same lower case within the same column are not
significantly different (One way ANOVA, Students-Newman-Keuls test, 0=0.05)
RG refers to colony radial growth and it includes inoculum disc which was 5mm

DISCUSSION

The study revealed that all the different concentrations of crude plant
extracts used in the experiment had antimicrobial properties against
the tested post-harvest loss causing pathogens although in all the cases
their effectiveness varied with the concentration. The results obtained
proof that ginger, neem and garlic extracts contain anti-bacterial and
anti-fungal properties by their ability to inhibit mycelial growth of the
test fungi. However the antimicrobial properties of the extracts varied
with the type of the plant that the extracts were obtained from. The
results showed that the most effectual crude extract in hindering the
growth of all fungal pathogens used in the study was garlic and was
used in lower concentration as compared to neem and ginger. In
addition, all evaluated concentrations of garlic had significant
reduction of mycelial growth of fungi hence could be considered as
the best alternative for the management of post-harvest pathogens in
tomato. The results are in consonance with those of other authors such
as Dutta et al. ¥, who cited that garlic at a concentration of 10 %
caused total reduction in sclerotial production and excellent mycelial
inhibition of Rhizoctonia solani that causes rice sheath blight was
inhibited by garlic at a concentration of 20%. Studies carried by
Anjorin et al. 28 reported that garlic portrayed antifungal activity
against Fusarium sp.

Bhuiyan et al. %], reported garlic extracts at a concentration of 20% to
have fungicidal properties against Colletotrichum dematium.
Sowjanya and Manohara % also documented that amongst five plant
extracts tested, garlic extract at 10% concentration portrayed a higher
antifungal activity by completely inhibiting the mycelial growth of
Microsporum gypseum. Garlic had been evaluated together with
ocimum and neem. This indicates that higher plants are unexploited
reservoirs of several vital chemical compounds that are anti-fungal.
Reports by Paradza et al. [ indicated that when neem and garlic
extracts were used in management of bacterial soft rot, garlic

portrayed higher antibacterial activities in reducing bacterial
maceration of the potato tissue. It was established that the tested crude
plant extracts demonstrated different antibacterial and fungicidal
ability against the tested pathogens which could be attributed to
differences in degree of susceptibility of each of the test pathogen to
the varying dosage of the extracts. Fusarium sp. proofed to be the
most sensitive pathogen in all the plant extracts tested with neem leaf
extract showing the most antifungal activity against Fusarium sp.

These results of this study are also in support of the results of
Hassanein et al. 32, where neem extracts was evaluated in four
concentrations and the lowest concentration (20 %) excellently
restrained (100%) Fusarium oxysporum mycelial growth. The results
also support the findings of Tijjani et al. ! who reported that
antifungal properties of neem and moringa extracts inhibited mycelia
growth of R. stolonifer that causes potato wet rot. Report of Amadi
and Olusanmi [33], extracts from neem and garlic have anti-microbial
properties against a vast range of plant disease causing micro-
organisms with garlic having the highest antimicrobial activity. Garlic
extract was also found to have a higher fungicidal activity against C.
tropicalis, C. albicans and S. paratyphi 4. According to Nahed [
cold extracts of Azadirachtin indica reduced growth of Fusarium
oxysporum, a causal agent of rots in cucumber. C. gloesporides, a
pathogen that causes cassava anthracnose was managed using neem
extracts [%61,

Aqueous and methanolic garlic extracts were reported to have
antibacterial activity against three bacteria isolates (E. coli, S. aureus
and P. aeruginosa) in an in-vitro study (7. Udo et al. 38 reported
mycelial growth restriction and low spore production in fungal
pathogens of Ipomea batatas by extracts from garlic. Stangarlin et al.
B39 showed that sclerotial production and mycelial growth of
Sclerotina sclerotium in-vitro was inhibited by aqueous extract of
ginger at varying concentrations. The anti-fungal properties of ginger
in inhibiting the growth of the mycelia of fungal pathogens is in
agreement with the results of this study. The inhibitory effect was
directly proportional to the crude extract concentration: the higher the
concentration the higher the inhibitory effect. ljato 1 documented
that extracts of Ocimum gratissimum and Zingiber officinale were
toxic to Fusarium oxysporum, Aspergillus flavus and Aspergillus
niger that cause post-harvest rot of yam tubers and that the extracts
efficacy increased with increase in concentration as it was noted in
this study. The findings of Chuku et al. 1 indicated that ginger
extract at a concentration of 3 gm/20ml of water excellently restrained
the growth of fungi that cause tomato fruit rots invitro. Tijjani et al.
12 reported that tomato fruits coated with aqueous extracts from neem
seeds, moringa seeds and garlic bulbs inhibited growth of fungi and
maintained the fruit quality.

The antimicrobial activity of the plant extracts on the test pathogens
differed between the plant species. This could be due to variation in
chemical compounds present in different plants. This observation is
supported by Miron et al. [l and Daniela et al. [* who reported that
allicin which is a compound found in garlic is readily membrane-
permeable and undergoes thiol-disulphide exchange reactions with
free thiol groups in proteins and the compound is anti-viral, anti-
fungal and anti-bacterial. When garlic bulbs are cut a substrate alliin
combines with alliin-lyase enzyme and forms a volatile compound
which is anti-fungal and disrupts fungal cell metabolism due to
oxidation of proteins [*31. These properties may have formed the basis
for its anti-microbial action. Chiejina and Ukeh 81 documented that
ginger has high quantities of alkaloids and this may have formed the
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basis of its efficacy against pathogens. According to Okwu [*7] the
most efficient, significant and therapeutic plant substances are
alkaloids. Fresh ginger contains high concentrations of oxygenated
compounds such as geranial, neral, borneol, 1,8-cineole and a-
terpineol with high antifungal and antibacterial properties [“6l. Hoque
et al. [ cited Mahmoodin compound found in neem a very active
against gram-negative and gram-positive bacteria.

CONCLUSION

In conclusion, the evaluated plant extracts were effective against the
test pathogens but the efficacy was dependent on the concentration.
Crude extracts can substitute synthetic fungicides as alternative means
of controlling rots in tomato fruits by farmers. Results of this study
provide an important step in developing bio-pesticides of plant origin
the control of fruit rots because the plants are affordable and readily
available. However, there is need for in-vivo trials and then
formulations that may be easy and efficient for farmers and consumers
to use.

Conflict of Interests
The author state that there is no conflict of interest.
Funding Statement

This research received no funds from any funding agency in the
public, commercial, or non-profit sectors.

REFERENCES

1. Sinha SR, Singha A, Faruquee M, Jiku AS, Rahaman A, Alam A
and Kader M A.. Post-harvest assessment of fruit quality and
shelf life of two elite tomato varieties cultivated in Bangladesh.
Bulletin of the National Research Centre. 2019; 43: 185

2. Seminis-Kenya. (2007). Retrieved
http://www.freshplaza.com/news

3. Ochilo WN, Nyamasyo GN, Kilalo D, Otieno W, Otipa M,
Chege F, Karanja T, and Lingeera EK. Characteristics and
production constrains of smallholder tomato production in
Kenya. Scientific African. 2019; 2.

4. Tijjani A, Adebitan, SA, Gurama AU, Aliyul M, Haruna, SG,
Mohammad GU and Mus’ab 1. Invitro and invivo efficacy of
some plant extracts for the control of tomato fruit rot caused by
Aspergillus flavus. International Journal of Scientific and
Research Publications. 2014; 4: 4.

5. Masyitah O. Development of disease surppressive compost, and
potting mixture for control of bacterial wilt of tomato. M.Sc.
Thesis, University Protra Malaysia. 2004.

6. Sibomana MS, Workneh TS and Audain K. A review of
postharvest handling and losses in the fresh tomato supply chain:
a focus on Sub-Saharan Africa. Food Security. 2016; 8: 2, 389-
404.

7. Arah IK, Ahorbo GK, Anku EK, Kumah EK and Amaglo, H.
“Postharvest handling practices ant treatment methods for tomato
handlers in developing Countires. Advances in Agriculture.
2016.

8. African Edition. Reducing tomato losses in Kirinyaga county,
Kenya. 2019.

9. Ebele MI. Evaluation of some acqueous plant extracts used in the
control of pawpaw (Carica papaya L.) Fruits rot fungi. Journal
of Applied Biosciences. 2011; 37: 2419-2424.

from:

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Snowdon AL. A colour atlas of post-harvest diseases and
disorders of fruits and Vegetables. Wolfe scientific Ltd. London.
1990; 1: 672.

Adaskaveg J E, Forster H and Sommer NF. Principles of post-
harvest pathology and management of decays of edible
horticultural crops. In: Post-harvest Technology of Horticultural
Crops. 2002; 33: 200-250.

Kanetis L, Forster H and Adaskaveg JE. Comparative efficacy of
the new post-harvest fungicides azoxystrobin, fludioxonil, and
pyrimethanil for managing citrus green mold. Plant Diseases.
2007; 91: 1502-1511.

Naing WK, Anees M, Nyugen HX, Lee SY, Jeon WS, Kim YS,
Kim H. M. and Kim, YK. Biocontrol of late blight diseases
(Phytophthora capsici) of pepper and the plant growth promotion
by Paenibacillus chimensis KWNJ8. Journal of Phytopathology.
2013;2: 164-169.

Lengai GMW, Muthomi JW and Narla RD. Efficacy of plant
extracts and antagonistic fungi in managing tomato pests and
diseases under filed conditions. Journal of Agriculture and Life
Sciences. 2017; 4:2, 2375-4222.

Cardelina JH. Natural products in the search for new agro-
chemicals. In H. G. Gulter, (Ed). Biologically active natural
products and potential use in agriculture. Biologically Active
New York Science Journal. 1995; 200: 305-311.

Okigho RN. Variation in phytochemical properties of selected
fungicidal aqueous extracts of some plant leaves in Kogi State,
Nigeria. American European Journal of Sustainable Agriculture.
2009; 3:3, 407-409.

Arokiyaraj S, Martin S, Perinbam K, Arockianathan PM and
Beatrice V. Free radical scavenging activity and HPTLC finger
print of Pterocarpus santalinus L. — an in vitro study. Indian
Journal of Scientific Technology. 2008; 1.7, 1-7.

Shanmugavalli N, Umashankar VV and Raheem. Anti-microbial
activity of Vanilla Planifolia. Indian Journal of Science and
Technology. 2009; 2:3, 37-40.

Swarnalatha L and Reddy PN. Anti-microbial, anti-diarrhoeal
and analysis of phytochemical constituents of Sphaeranthus
amaranthoides. Indian Journal of Science and Technology. 2009;
2:3,45-48.

Ramazani, HP, Batish, DR and Dragan JS. Fungicidal effects of
volatile oils from Eucalyptus citridera and its major constituents.
A paper at the 55th conference proceedings New Zealand and
Plant Protection Society Incorporated. 2002; 327-330.

llondu EM, Ejechi BO and Souzey JA. Microbial stability of jam
prepared from velvet tamarind and preserved by combined
processes. Nigerian Journal of Microbiology. 2001; 5: 93-96.
Serrano M, Martinez-Romero D, Castillo S, Guillen F and
Valero D. The use of the natural antifungal compounds improves
the beneficial effect of MAP in sweet cherry storage. Innovative
Food Science and Emerging Technologies. 2005; 6: 115-123.
Dushyent G and Bohra A. Effect of extracts of some halophytes
on the growth of Alternaria solani. Journal of Mycological Plant
Pathology. 1997; 27: 233.

Stoll G. Natural crop protection; based on local farm resources in
the tropics and sub-tropics. Weker-shem Germany. Margraf
publisher, Scientific Books. 1988;188-194.

Oparacke AM. Toxicity and spraying schedules of a bio-
pesticide prepared from Piper guineense against two cowpea
pests. Plant Protection Sciences. 2007; 43:3, 103-108.

Handa SS, Khanuja SPS, Longo G and Rakesh DD. Extraction
technologies for medicinal and aromatic plants. International
centre for science and high technology. 2008; 1:21-25.



The Journal of Phytopharmacology

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Dutta S. Chaudhury AK and Laha SK. In vitro fungi-toxicity of
plant extracts against Pycularia oryzae, Rhizoctonia solani
incident of blast sheath blight of rice. Indian Phytopathology
Journal. 2004; 57:344-352.

Anjorin ST, Makun H A, Adesina T and Kudu I. Effects of
Fusarium verticillioides, its metabolites and neem leaf extract on
germination and vigour indices of maize (Zea mays L.). African
Journal of Biotechnology. 2008; 7: 2402-2406.

Bhuiyan MK, Shovan LR, Begum JA and Pervez ZA. In vitro
control of Colletotrichum dematium causing anthracnose of
soybean by fungicides, plant extracts and Trichoderma
harzianum. International Journal of Sustainable Crop Production.
2008; 3:3, 10-17.

Sowjanya NC and Chary CM. Effect of plant extracts on the
growth of Microsporum Gypseum. Journal of Phytology. 2012;
4:2,41-44.

Paradza VM, Icishahayo D and Ngadze E. Efficacy of botanical
extracts from garlic and neem on controlling potato soft rot
pathogens. UNISWA Journal of Agriculture. 2012; 16: 1-10.
Hassanein NM, Aou Zeid MA, Youssef KA and Mahmoud DA.
Efficacy of leaf extracts of neem (Azadirachta indica) and
chinaberry (Melia azedrach) against early blight and wilt
diseases of tomato. Australian Journal of Basic and Applied
Sciences. 2008; 2: 3, 763-772.

Amadi J. and Olusanmi M. Studies on the anti-microbial
properties and phytochemical screening of garlic (Allium
sativum) extracts. Ethnobotanical Leaflets. 2009; 9: 120-130.
Ameh GI, Eze SC and Omeje FU. Phytochemical screening ant
antimicrobial studies on methanolic bulb extract of Allium
sativum L. African Journal of Biotechnology. 2013; 12: 14,
1665-1668.

Nahed ZH. Improving biological control of fusarium rot in
cucumber (Cucumis sativum L) by allelopathic plant extracts.
International Journal of Agriculture and Biology. 2007; 1560:3,
459 — 461.

Fokunang CN, Ikotun T, Dixon AGO, Akem CN, Tembe EA and
Nukenine EN. Efficacy of anti-microbial plant crude exracts on
the growth of Colletotrichum gloesporoides f.sp manihotis
Pakistan. Journal of Biological Sciences. 2000; 3:6, 928 — 932.
Garba I, Umar Al, Abdulrahman AB, Tijjani MB, Aliyu MS,
Zango UU and Muhammad A. Phytochemical and antibacterial
properties of garlic extracts. Bayero Journal of Pure and Applied
Sciences. 2013; 6:2, 45-48.

Udo SE, Madunagu BE, and Isemin CD. Inhibition of growth
and sporulation of fungal pathogens on sweet potato and yam by
garlic extract. Nigerian Journal of Botany. 2001; 14: 35-39.
Stangarlin JA, Kuhn OJ, Assi L and Schwan-Estrada KRF.
Control of plant diseases using extracts from medicinal plants
and fungi. Communicating Current Research and Technological
Advances. 2011; 25:1033-1042.

ljato JY. Inhibitory effect of two indigenous plant extracts of
Zingiber officinale and Ocimum gratissimum on post-harvest
yam (Dioscorea rotundata) rot in vitro. Journal of American
Science. 2011; 7:1, 43-47.

Chuku EC, Osakwe JA and Daddy-West C. Fungal spoilage of
tomato (Lycopersicon esculentum Mill) control using garlic and
ginger. Scientific Africana. 2010; 9:2, 42-50.

Tijjani A, Adebitan SA, Gurama AU, Haruna SG and Safiya T.
Effect of some selected plant extracts on Aspergillus flavus, a
causal agent of fruit rot disease of tomato (Solanum
lycopersicum) in Bauchi State. International Journal of
Biosciences. 2014; 4:12, 244- 226.

43.

44,

45.

46.

47.

48.

49.

Miron T, Rabinikov A, Mirelman D, Wilchek M and Weiner L.
The mode of action of allicin: Its ready permeability through
phospholipid membranes may contribute to its biological
activity. Indian Phytopathology Journal. 2000;1463: 20-30.
Daniela P, Eckhard K and Alan JS. Effects of garlic (Allium
sativum) juice containing allicin on Phytophthora infestans and
downy mildew of cucumber caused by Pseudoperonospora
cubensis. European Journal of Plant Pathology. 2008; 122:1,
197-206.

Slusarenko AJ, Patel A and Portz D. Control of plant diseases by
natural products: Allicin from garlic as a case study. European
Journal of Plant Pathology. 2008; 121:3, 313-322.

Chiejina NV, and Ukeh JA. Anti-microbial properties and phyto-
chemical analysis of methanolic extracts of Aframomum
melegueta and Zingiber officinale on fungal diseases of tomato
fruit. Journal of Natural Sciences Research. 2012; 2:6, 10-15.
Okwu DE. Phytochemicals and vitamin content of Indigenous
spices of South Eastern Nigeria. Journal of Sustainable
Agricultural Environment. 2004; 6:2, 30-34.

Silvia CB, Paola HC, Teresa SC, Raul S, Irving IR and Carlos
EO. Antimicrobial Activity of Ginger (Zingiber Officinale) and
Its Application in Food Products. Food Reviews International.
2019; 35:5, 407-426.

Hoque MD, Bari ML, Inatsu Y, Juneja VK and Kawamoto S.
Anti-bacterial activity of guava (Psidium guajava L.) and neem
(Azadirachta indica, A. juss.) extracts against foodborne
pathogens and spoilage bacteria. Foodborne Pathogens and
Diseases. 2007; 4:4, 481-488.

HOW TO CITE THIS ARTICLE

Mugao LG. In-vitro Activity of Selected Plant Extracts on Post-Harvest
Pathogens Causing Tomato Fruit Rot. J Phytopharmacol 2021; 10(4):236-
241. doi: 10.31254/phyto.2021.10404

Creative Commons (CC) License-

This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution (CC BY 4.0) license. This license permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and
source are credited. (http://creativecommons.org/licenses/by/4.0/).


http://www.phytopharmajournal.com/Vol10_Issue4_04.pdf

