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Abstract: Plant fungal pathogens are frequently found as one of limiting factors for
crop production. More than 10,000 species of fungi can cause disease in plants. To
control the diseases, many farmers are still rely on the use of chemical fungicides,
however most synthetic fungicides can cause acute toxicity, and some cause
chronic toxicity as well. Thus, an appropriate technological improvement towards
a more effective use of natural resources is required in agriculture to develop
environmentally friendly sustainable farming system. This paper highlights the
potential of extracts of tropical plants as antifungal agent to control plant fungal
diseases. Information and data presented in this paper are mainly derived from
selected and related references that previously published in the scientific journals.
Many higher plants of tropical origin with fungicidal activities and their potential
for fungal disease control of agricultural crops have been studied, however most of
the studies have been done under in vitro condition. Some plant extracts showed
strong antifungal activities on in vitro as well as in vivo tests, but some plant
extracts showed significant antifungal activities on in vitro test, but did not obvious
on in vivo tests. A great variation in antifungal activities were shown by plants
extracts of different species and plant parts, in one hand, and on the other hand,
variation was also observed on the responses of different fungal species to the
same plant extract. Since the purpose of the use of plant extract is to control plant
fungal diseases, the field trial is needed to ensure the stability of efficacy of certain
plant extract. In addition, isolation and identification of active substances in the

extracts is needed to assess possible mode of action and side effect of their use.
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Introduction

The success of crop production depends on the ability of the farmers to
overcome challenges to maintain functional and profitable farms. One of the most

important challenges is preventing and controlling pests and diseases problems,
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which can partly or completely ruin agricultural crops. Agricultural crops are
exposed to approximately 70,000 species of pests, including pest insects, plant
pathogens, and weed that potentially cause the reduction of world food production
more than 40% if pesticides are not applied. Pre-harvest pest losses are
approximately 40% and after harvest another 20% of the food is lost because of
post-harvest pests [1]. More than 10,000 species of fungi can cause disease in plants
[2]. Plant disease may be minimized by the reduction of the inoculums, inhibition
of its virulence mechanisms and promotion of genetic diversity in the crop [3].
The adverse impact of plant diseases on crop production can be decreased by
breeding resistant plants, good -cultivation practices, or applying chemical
pesticides or introducing natural enemies.

The use of chemical fungicides in agriculture has been proven to give various
benefits such as reducing the fungal infection that may take water and nutrients
from crop plants or may cause spoilage as the product are brought to the market.
Fungicides may also prevent the growth of fungi that produce toxins, such as
aflatoxins. In 1997, 5.7 billion pounds of pesticides were used worldwide, of
which 0.5 billion were fungicides (Goldman, 2008). There are numerous classes of
fungicides, with different modes of action as well as different potential for adverse
effect on health and environment. Milne (2004) indicated 311 compounds are
registered and used as fungicides to control various plant fungal diseases. Of
which, seven agents are antagonistic microorganisms and only one agent is
derived from plant extract (i.e. extract of Reynoutria sachalinensis (Giant Knotweed)).
This plant extract is used as bioprotectant, and when sprayed on plants, the extract
activates an internal defense system that prevents growth of pathogenic fungi,
especially powdery mildew and grey mold.

Most fungicides can cause acute toxicity, while some cause chronic toxicity
[4]. The use of chemical pesticides has been known to cause various environmental
and health problems. The World Health Organization (WHO) and the United
Nations Environment Programme estimate that three million workers in
agriculture in developing world experience severe poisoning from pesticides,
about 18,000 of whom die each year [5].

Appropriate technological improvement towards a more effective use of
natural resources is required in agriculture such as the use of microbial antagonists
[6] and the use of plant extracts as biocontrol agents. Higher plants of tropical
origin can produce diverse anti-microbe or anti-insect substances [7,8,9].
Substances such as flavonoids, alkaloids and terpenoids are the secondary
metabolites produced by the plants as chemical defense from pests and diseases
attacks. Only 10% of the total number of plant species worldwide has been

investigated for their pesticides activity. Most of the studies done under in vitro
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condition indicated that many plant extracts exhibited obvious antifungal activities
against plant fungal pathogens in particular inhibited the fungal radial growth,
spores formation, spores germination, and biomass formation [10,11,12, 13, 14, 15,
16].

Other studies tested antifungal activities under in vitro condition followed
by in vivo tests to control plant fungal diseases under green house or field
condition. Extracts of 15 plant species were tested to control Ceratocystis fruit rot
on Snake fruit (Salacca edulis)[10] and the result showed that the root extract of
Alpinia galanga and leaf extract of Carica papaya significantly inhibited the growth of
Ceratocystis sp. both on PDA medium and on Snake fruit (Salacca edulis). Leaf
extract of Pometia pinnata was found to possess antifungal activity against
Phytophthora infestans, effectively reduced the late blight disease on potato under
field condition [17]. Application of leaf extracts of Piper betle and root extract of
Alpinia galanga on banana plant in the field significantly controlled the wilt disease
of banana caused by Fusarium oxysporum and Pseudomonas solanacearum [18].
Several tropical plants have been tested and proven to be effectively suppressed
the growth of important fungal pathogens. The leaf extract of Piper caninum was
proven to be significantly suppressed the growth of Pyricularia oryzae Cav. and
significantly reduced the intensity of rice blast disease under green house
condition [19]. The leaf extract of Cinnamomum burmanni showed a strong
antifungal activity against Fusarium oxysforum f.sp lycopersici, and significantly
reduced the incidence of Fusarium wilt disease on tomato [15] The growth of
Colletotrichum acutatum, the cause of anthracnose disease on paprika was obviously
inhibited by the treatment with the leaf extract of Ficus septica [16], and the formula
of this extract obviously suppressed the disease intensity of anthracnose on chili
pepper. This paper highlights the potential of extracts of tropical plants as
antifungal agents that effectively suppress the fungal growth likewise effectively

control plant fungal diseases under field condition.

Tropical Plant Extracts with Antifungal Activities

Plant extracts from several plant species such as Piper betle (Family
Piperaceae), Alpinia galanga (Family Zingiberaceae), Eugenia aromatica (Family
Myrtaceae), Pometia pinnata (Family Sapindaceae), Sphaeranthus indicus (Family
Compositae) and Carica papaya (Family Caricaceae) were proven to posses
antifungal activities on potato-dextrose agar (PDA) medium against several
pathogenic fungi. Methanol extracts of A. galanga rhizome and C. papaya leaf
obviously inhibited the radial growth of Ceratocystis sp., the causal agent of fruit
rot disease on Salak fruit (Sallaca edulis) on PDA medium (Table 1). Treatment with
0.5% (w/v) extracts of A. galanga or C. papaya inhibited the radial growth of
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Ceratocystis sp. by 92.5% and 73.3% respectively. On the test done on pulp-cuts
showed that the growth of Ceratocystis sp. was obviously inhibited by the treatment
with extract of either ginger root or papaw leaves. A similar result was found on
Salak fruit that artificially inoculated with spores of Ceratocystis sp. The fruits
which previously treated with plant extracts of ginger root or papaw leaves prior
to inoculation showed no symptom of Ceratocystis fruit rot up to 7 days while all
(100%) of untreated fruit have rotten 4 days after inoculation. Under natural
condition (without artificial inoculation), the shelf-life of the snake fruit could be
extended up to 10 days at room temperature when they were treated with extracts
of either ginger root or papaya leaves [10]. Other plants have been studied for their
antifungal activities in vitro against Fusarium guttiforme and Chalara paradoxa [20],
Pyricularia oryzae [11], Botrytis cinerea [12], Glomerella cingulata [13], Fusarium
oxysforum [14].

Fifty six plant species were tested for their antifungal activities against
Fusarium guttiforme and Chalara paradoxa, fungal pathogens of pineapple [20]. Two
plant species viz. Bonnetia stricta and Ginkgo biloba showed strong antifungal
activities against C. paradoxa with diameter of inhibition zones of 25 and 20 mm
respectively. Three plant species viz. Aloe sativum, Ginkgo glabra and Kielmeyera
membranacea resulted in strong antifungal activities against F. guttiforme with
diameter of inhibition zones of 25, 24, and 26 mm respectively. Extracts of six plant
species namely Ocinum gratissimum, Chromolaena odorata, Cymbopogon citratus,
Eugenia aromatica, Piper guineense and Garcinia kola showed significant suppression
to the sporulation and mycelia growth of Pyricularia oryzae [11].

Extract of Hyssopus officinalis at concentration of 5% completely (100%) inhibited
the growth of Botrytis cinerea, the cause of grey mold of more than 230 plant species [12],
while on the other study the extract of Coriandrum sativum strongly inhibited the growth of
Glomerella cingulata with inhibitory activity by 92.81% [13]. Conidia germination and
mycelia growth of Fusarium oxysforum significantly suppressed by the treatment of extracts
of 11 different species [14]. Among them, five plant species namely Rivina humulis,
Brassica carinata, Brunfelsia calyicina, Salvia guaranitica, and Punica granatum showed good
antifungal activity. Leaf extract of Cinnamomum burmanni at concentration of 1.0 to 2.0%
(w/v) effectively suppressed radial growth, biomass formation, and spores formation of
Fusarium oxysforum f.sp. lycopersici, the cause of Fusarium wilt disease on tomato [15].
Other study showed that the leaf extract of Piper caninum at concentration of 0.5 to 3.5%
(w/v) significantly suppressed radial growth, spores formation and biomass formation of

Pyricularia oryzae the cause of rice blast disease [19]
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Table 1. List of plants tested for their antifungal activities against Ceratocystis sp. the cause

of fruit rot disease on snake fruit (Salacca edulis)

No. Scientific name/Plant part Family Inhibitory activity
(%)
1 Plumeria acuminate/leaves Apocynaceae 6.8
2 Sambucus javanica/leaves Capripoliaceae 25.4
3 Eclipta alba/leaves Compositae 18.7
4 Cajanus cajan/seed Papilionaceae 8.9
5 Alpinia galanga/rhizome Zingiberaceae 92.5
6 Carica papaya/leaves Caricaceae 73.3
7 Piper nigrum/leaves Piperaceae 21.2
8 Piper betle/leaves Piperaceae 38.4
9 Piper refractrum/fruit Piperaceae 42.8
10 | Azadirachta indica/leaves Meliaceae 12.7
11 Caesalpinia pulcherima/leaves Caesalpeniaceae 8.7
12 Euphorbia tirucalli/stem Euphorbiaceae 38.5
13 | Andrographis paniculata/leaves Acanthaceae 45.8
14 | Allium cepa/bulb Liliaceae 41.5
15 Allium ascalonicum/bulb Liliaceae 22.8

Source : [10]

Three plant species namely Vernonia polysphaera, Syzygium aromaticum, and Allium sativum
effectively inhibited the mycelia growth and conidial germination of Cercospora coffeicola,
Colletotrichum gloeosporioides, Fusarium oxysforum, Phoma tarda, Rhizoctonia solani, and
Hemileia vastatrix [21]. Ethanol and acetone extract of leaves of nine medicinal plants
namely Piper betel, Lowsonia inermis, Psidium guajava, Carica papaya, Moringa oleifera, Mimosa
pudica, Cathanthus roseus, Adhatoda vasica, and Andrographis paniculata were tested for their
inhibitory activities against Fusarium oxysforum the causal agent of Fusarium wilt in tomato
[22]. Among them, ethanol extracts of two plants viz. Lowsonia inermis, and Psidium guajava
showed superior inhibitory activity (100%) at concentration 15%.

A great variation in antifungal activities were shown by plants extracts of
different species and plant parts, and on the other hand, variation was also
observed on the responses of different fungal species to the same plant extract as
shown in Table 2. This is probably due to the variation in type and concentration of
antifungal substances in different plant species and plant parts. Different responses
of different fungi to the same extract indicated genetic diversity among plant

fungal pathogens.
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Tabel 2. Variation in antifungal activities of different plants and variation of

fungal responses against the same plant extract

No. | Plant species Plant Fungal Inhibitory | References
parts pathogens activity
(%)
1 Ficus septica Leaves Colletotrichum 99.11 [16]
acutatum
2 Piper caninum Leaves Pyricularia 95.8 [19]
oryzae
3 Cinnamomum Leaves Fusarium 93.71 [15]
burmanni oxysforum  f.sp.
lycopersici
4 Eugenia aromatica Seeds Pyricularia 100 [11]
oryzae
5 Hyssopus officinalis Stems, Botrytis cinerea 100 [12]
leaves
6 Coriandrum sativum | Aerial 1.Botryotina
parts fuckeliana 100
2. Glomerella
cingulata 92.21 [13]
3. Fusarium
oxysforum 29.41
4. Pectobacterium
Carotovorum
subsp.
carotovorum 40.94
7 1. Punica granatum Peel Fusarium 1. 100
2. Salvia guaranitica | Leaf oxysforum  f.sp. | 2.100
3. Allium triquetrum | Leaf lycopersici 3. 95.0 [14]
4. Campsis radicans Leaf 4. 6.0

Plant Extracts as Fungal Diseases Control Agent

Several evidences showed that plant extracts of tropical origin effectively

controlled the plant fungal diseases under in vivo and field condition [6, 9, 15, 16,
18, 19, 20, 23, 24, 25, 26, 27, 28, 29, 30]. Suprapta et al. (2001) tested extracts of 15
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plant species to control Ceratocystis fruit rot on snake fruit (Salacca edulis) and
found.The root extract of Alpinia galanga and leaf extract of Carica papaya etfectively
reduced the incidence of fruit rot disease on snake fruit caused by Ceratocystis sp.
[10].

Leaf extract of Pometia pinnata was found effectively reduced the intensity
of late blight disease on potato under field condition [17]. Application of leaf
extracts of Piper betle and root extract of Alpinia galanga on banana plant in the field
significantly suppressed the wilt disease of banana caused by Fusarium oxysporum
and Pseudomonas solanacearum [18]. Formula of the leaf extract of Piper caninum at
concentration 2.5% (v/v) reduced the intensity of rice blast disease by 90.51% under
green house condition [19]. The leaf extract of Cinnamomum burmanni showed a
strong antifungal activity against Fusarium oxysforum f.sp lycopersici, and and the
formula of this extract at concentration 2% (v/v) reduced the incidence of Fusarium
wilt disease on tomato grown in a green house by 80.95% when compared with
control [15]. The growth of Colletotrichum acutatum, the cause of anthracnose
disease on paprika was obviously inhibited by the treatment with the leaf extract of
Ficus septica [16], and the formula of this extract at concentration 4% (v/v)
suppressed the disease intensity of anthracnose by 95.55% on chili pepper grown
in a green house.

Antifungal activities of extracts of P. betle leat and A. galanga, alone or in a
mixture were tested to control the wilt disease on banana seedling caused by
Fusarium oxysporum f.sp. cubense [23]. Extract treatment was done by soaking the
corm cuttings derived from corms of diseased-banana trees. Only few seedlings on
control were found to be healthy, while most of the seedlings treated with plant
extracts were healthy. The use of these plant extracts even gave better results than
that of chlorothalonil, a synthetic fungicide [23]as shown in Table 3.

Table 3. Percent healthy seedlings resulting from banana corm with or without plant

extracts treatment

Percent of healthy seedling
Treatment Experiment 1 Experiment 2 Experiment 3
Control 18.8 a 119 a 10.1a
Extract of Piper betle 89.6d 927 c 84.1 bc
Extract of Alpinia galanga 86.4 c 89.6 ¢ 859 c
P. betle and A. galanga 93.2e 929c 90.2d
Chlorothalonil 77.0b 80.1b 81.4b

Source : [23].

Application of extract of Alpinia galanga by soaking stem-cuttings of
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vanilla and followed by soil dressing three, six and nine days after planting
obviously reduced the stem rot disease incidence on vanilla seedlings [24].
Treatments with plant extract at concentration 0.3% and 0.5% reduced the disease
incidence by 47.1% and 98.6% respectively. Suprapta and Ohsawa [25] proved that
the leaf extract of Piper betle at concentration of 0.3% (w/v) applied as soil dressing
into the soil that previously inoculated with Fusarium oxysporum f.sp. vanillae
completely could protect the vanilla seedlings from infection, while all seedlings of
control showed severe stem rot disease. Aqueous extract of Echinops sp. at
concentration 25% (w/v) significantly reduced the incidence and severity of
anthracnose disease on papaya fruit caused by Colletotrichum gloeosporioides [27].
This treatment produced the highest marketable papaya fruit and comparable to
the synthetic fungicide, Carbendazim. Other study done by Cosoveanu [28]
indicated that the essential oil of Artemisia absinthium was very effective in
reducing disease severity of apple fruit infected with Penicillium expansum applied
as curative treatment. Bahraminejad [29] tested Iranian plant species to control root
rot disease on cucumber caused by Pythium aphanidermatum and showed that the
extracts of Glycyrrhiza glabra and Portulaca oleraceae obviously reduced the disease
severity.

A formula containing a mixture of 5% (w/v) buds extract of Eugenia
aromatica and 5% (w/v) leaves extract of Piper betle was tested under filed condition
to control black pod disease on cocoa caused by Phytophthora palmivora. The results
showed that treatment with this formula reduced the incidence of black pod
disease by 68% when compared with control and comparable to the treatment with
synthetic fungicide, Dithane-M45 [26]. The efficacy of plant extracts under field
condition was also proven by Arya et al. [31]. Two applications of 500-ml water
extract of Piper betle with one month interval at a concentration of 5% (w/v)
significantly reduced the wilt disease incidence on banana caused by Fusarium
oxysporum f.sp. cubense. Study done by Suprapta et al. [17] showed that application
of leaves extract of Pometia pinnata on potato plant under field conditions obviously
inhibited the development of the late blight disease caused by Phytophthora
infestans, which is comparable to the synthetic fungicide, Chlorotalonil.

The above mentioned evidences suggested that several plants of tropical
areas potentially can be used as fungal disease control agent under field condition.
Some of them showed comparable effectiveness with synthetic fungicides. The use
of plant extract may give better result when it is combined with other cultural
practice. As suggested by Ventiborgh [32], pod losses caused by Phytophthora
megakarya in Cameroon were reduced from 35% to about 1% by combining
sanitation practices with fungicides application. Opuku et al. [33] also reported
that the incidence of black pod disease in Ghana could be effectively controlled by
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a combination of fungicide application and sanitation practices. This treatment
resulted in 25% to 48% diseases reduction and 11% to 51% yield increase.

The future challenges are to find efficient extraction method, formula
development as well as application method that can consistently maintain the
efficacy of the extract under in vivo or field condition. In addition, the isolation and
identification of the active substances responsible for the antifungal activity is
needed in order to predict the possible mode of action and side effects of their use.

Several reports described the substances in the plant extracts related to the
antifungal activity. Saponins are known as potent antifungal substances, which
occur in high concentration in healthy higher plants and contribute to the
resistance of plant against fungal infection [34]. Rhizome of Alpinia galanga
contains several essential oils such as cineol, eugenol, galangin, galangol, pinen,
camphor and methylcinamate that probably related to antifungal activity [35].
Dadang [36] found that A. galanga contains 1-acetoxychavicol acetate that may
serves as antifungal substance. Several substances were identified and were
thought to be responsible for the antifungal activity, = namely
3-(4-hydroxyphenyl)-2(E)-propenoate isolated from Costus specious [37]; isobutyric
acid, butyric acid, valeric acid and caproic acid from Portulaca oleracea [38];
Tiliacorine from Tiliacora racemosa [39]; Guaianolides from Chichorium intybus [40];
acetoxychavidol acetate from Alpinia galanga [41]. Eight substances in the leaves
extract of Ficus septic were found to serve as antifungal against Colletotrichum
acutatum namely heptanes 2,3,5 trimethyl, sulfurous acid cyclohexylmethyl
hexadecyl ester, dodecanoic acid methyl ester, 3-deoxy-d-mannoic acid,
hexadecanoic acid methyl ester, octadecamethyl cyclonanosiloxane, 1-heptacosanol,
and 1,2 benzenedicarboxylic acid mono (2-etilhexyl) [16]. Other researcher found
six compounds in the leaves extract of Piper caninum that serve as antifungal
against Pyricularia oryzae the cause of rice blast disease [42]. Those compounds are
benzene, tetradecane, dodecanoic acid, hexadecanoic acid,
octadecamethylcyclonanosiloxane, and 1,2-benzenedicarboxylic acid.

The essential oil of Eugenia aromatica contained 87% eugenol, 8.01%
eugenyl acetate and 3.56% beta caryophyllene [43]. A study done by Nalina and
Rahim [44] showed that the extract of Piper betle contained hydroxychavicol, fatty
acids (stearic and palmitic) and hydroxyl fatty acid esters (stearic, palmitic and
myristic). The important constituents of essential oil of P. betle are the phenols,
eugenol, chavicol, methyl chavicol and betelphenol [45]. The leaf extract of this
plant has antibacterial and antifungal activity, and the antifungal activity has been

related to the presence of eugenol [45].
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Conclusions

Many extracts of tropical plants have been investigated for their antifungal
activities, both under in vitro and in vivo condition. Most of the researchers did in
vitro tests, while others did both in vitro and in vivo test. Since the main purpose of
the use of plant extract is to control plant fungal diseases, the tests under green
house and field condition is needed to ensure the stability and consistency of the
efficacy of the extract. Some extracts showed strong antifungal activities on in vitro
test, but did not show obvious result when they are applied in the field. To
overcome this gap, it is suggested to conduct the in vitro test followed by the field
test. The use of plant extract alone may give no satisfied result, but when it is
combined with other measure may give better control level against fungal diseases.
Isolation and identification of active compounds in the plant extract that
responsible for antifungal activity is needed, in order to assess the efficacy, mode of
action and possible side effects of their use. In addition, formula development is
important step to get economical and effective use of plant extract as fungal

diseases control agent.
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