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ABSTRACT 

Aqueous extracts from Citrus suhuiensis, Eurycoma longifolia, Morinda ciurifolia,. 
Eugenia oleina, Cassia alata and Nephelium lappaceum were studicd for t their 
antimicrobial activities. The antimicrobial properties were determined to control 
the pathogenic fungus, namely Fusarium oxysporum. F. oxysporum was tested 
using agar diffusing method with 1:10 concentration of the plant extracts. Results 
of this study showed variable antimicrobial activity in some plant extracts. The 
most eflective leaf extract is C. suhuiensis which exhibited the highest inhibitory 

activity against E. OxVsporum, while the most effective fruit extract is E. 
longiolia. This study shows the potential of the leaf extract of C. suhuiensis and the fruit extract of E longifolia to be used as bio-pesticides. 
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I.I Background 

CHAPTER I 

INTRODUCTION 

A ver: large number of fungi such as Colletotrich11111 sp. and F11.rnri11111 sp. are 

responsible for producing mycotoxins in various food and feeds (Abare et al ..

1994: Lund et al.. 1996: Kedera et al.. I 999). These fungi are also known to be 

responsible for the off-flavour formation and production of allergenic compounds. 

which often takes place before the growth of fungi is evident. In addition to this. 

Colletotrich11111 sp. and F11sari11111 sp. also affect many important crops at pre­

harvest and post-harvest stages. Thus. the presence of these pathogenic fungi in 

crops. vegetables. vegetables and fruits has significantly impacted the qualit) of 

foods and food related products. 

Fungicide application is widely used by farmers to control foliar diseases. 

Fungicides such as imazil, prochloraz. azoxystrobin and benomyl have been found 

to be most effective in control of these plant pathogenic diseases. Howe, er. o, er 

usage of these pesticides would cause negative effect on the other benelicial 

organisms. In case of benomyl. in order to achieve effrctive control. it requires 

weekl) spra) but �omctimc it can be extended for several months. rhis practice is 

ver, high cost and it would be dilfa:ult for formers in the de,cloping countr) 

espcciall). to keep up with this ver) expensive regime. r:ungieides are alSl) I\ idt'I) 

used at post-harve�t treatment to control this disease. Overuse or fungicide� 1,otild 

be unsafe to the linal rnn�umcr\ bccau\C or residual dli:ct urthe fungicides. ©COPYRIG
HT U

PM



·\pplil·ati11n nf hiu-c1111trnl agrnt� :rndtnr botanical lungic1dc, may offer alternative

�11lutil111 t11 m'l'rcnmc the disea�c�. Moreover. thi� approach i, more healthier and 

cn\'irn11111cntal friendly. In the past clccaclc. interc5t<; on the antimicrohial plant, 

extracts have been growing. Various species and herb extracts have been used for 

the purpose of food preservation and appetizer promotion as well as medicinal 

purposes (Zaika. 1988: Cowan. 1999). 

In particular. extracts from many oriental spice plants and herbs such as garlic. 

union. cinnamon. mint and vanilla have been known to possess antimicrobial 

effects (Shelef et al.. 1980: Zaika and Kissinger, 1981: Saleem and A i-Delaimy, 

1982: Smith et al.. 1998: Nilsen and Rios, 2000: Tassou et al., 2000: Yildirim et 

al., 2000: Wong and Kitts. 2002 Valero and Salmeroj, 2003). 

1.2 Objective of Study 

The objective of this study is to determine the potential of selected trees as 

botanical fungicides against Fusari11111 oxysporum in vitro. 

©COPYRIG
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2.1 F11.rnri11111 sp. 

2.1. I In fcction 

('llt\l'TEI{ 2 

LITEHATI IHE IH'.VIEW 

The fungus. F11sari11111 sp., continues to be a serious problem for crop production 

worldwide for many years. In the greenhouse, for instance, this pathogenic fungu, 

is able to cause serious damage to the roots, stems or even the leaves of the plants. 

There are many harmful F11sari11111 species that has been identified and 

characterized so far. however. there are also many of them that do not cause an::, 

problems to the plants and sometime they can be very useful. especiall1 in the 

formae speciales (sub-species) of F. oxy.1poru111. This group of F11sari11111 is known 

to be a very crop-specific pathogen. 

2.1.2 Epidemiology 

Various pai1s of the plants can be attacked by this fungus. Spores usually attack 

the roots first. After infection and germination, F11sariu111 sp. develops mycelium. 

This is the vegetative part of a fungus and a microscopic network of one-cell-thick 

filaments in the substrate. 

The mycelium of Fusarium sp. grows rapidly in different parts of the plants and 

hence produces different toxic substances. Because of this, the plants· vascular 

tissues and surrounding tissues will turn brown and rotten. This will cause 

problems to their vascular transport systems. Symptoms like yello\\ ing and" ilting 

occur and the plants will eventual!) die. 

3 
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111c combinntinn Mhigh tcmpcrnlurc and high humonily will �,imulatc the growth

of the 11111�11,. bo. pl ints in had ondition arc more sensitive to be infected by

Pu. ar111111 �P- For e. nmplc. infection by F11snriw11 p. may be due to nematode 

in1ection or the ab en e of feeding elements. After infection, the fungus is able to 

fonn chlamydo pore . These surviving structures can survive for many months in 

oil . water and dead organic material. When the conditions for spores are optimal, 

these spores can infect new plant material. 

2.1.3 Spread 

After infection, the fungus will develop and produce enormous amounts of 

conidiophores. These spores are easily spread by water, air or human transactions 

in the field and greenhouse. The fungus infection can spread out rapidly. 

Therefore, it is very important to remove heavily infected plants carefully out of 

the field. 

2. 1.4 Fusarium Wilt Disease of Banana (Panama Wilt)

Fusarium wilt is a severe disease of banana plants caused by the fungus Fusarium 

oxysporum f.sp. eubense (Foe). This disease kills susceptible banana plants and 

there is no cure. Fusarium wilt is the preferred name for what was first called 

Panama disease because it became prominent in the Central America country early 

last century. The fungus infects banana plants through the roots and invades the 

plants' water conducting tissues. Once Foe is introduced into the banana gardens, 

it remains in the soil making it impossible to grow susceptible bananas in the same 

location for up to several decades. 

4 
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Foe is thought to have originated in Asia, and then spread during the 20th century 

to become a major problem throughout most banana production regions in the 

world. An important exception is South Pacific, where Fusarium wilt is a new 

disease and has not yet become widespread. Moderately damaging strains of Foe 

have been established in some pacific nations close to Southeast Asia and also in 

Tonga. 

As Foe will disrupt the plants' water conducting vessels, leaves become yellow 

(progressing from older to younger leaves) and wilted. This is also a sign of 

drought stress that is reduced when water supply is good. Distinctive symptoms 

appear inside the pseudostem: brown, red and yellow lines are visible in the 

vertical section. These are the infected water conducting vessels. Smaller brown 

streaks or flecks appear in the corm, at the ground level. Later, all leaves will turn 

yellow and die and internal rotting become extensive. Splits may also appear in the 

pseudostem. Infected plants usually do not produce fruit (Richard, 2004). 

2.2 Control of Fusarium Wilt Disease 

2.2.1 Control Programme: Chemical Control 

In general, some effective means of controlling F. oxysporum include: 

disinfestations of the soil and planting material with fungicidal chemical . crop 

rotation with non-hosts or the fungus, or by using resistant cultivars (Jones er al .. 

1982; Agrios, 1988; Smith et al., 1988). It is much recommended using fungicide 

concentration under standard manufacturer concentration becau e it can reduce or 

very low environmental impact. I lowevcr. the standard concentration will give the 

effectiveness effect to the pathogen on the plants. 

5 
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2.2.2 Alternative Control Measure: Biological Control 

Biological control is defined as the action of parasites, predators or pathogens in 

maintaining another organism's population at a lower average density than would 

naturally occur (Zimdahl, 1999). Even though the procedure for implementing 

biological control is relatively complex, yet interest is increasing because 

biological control is environmental safe and applicable to some otherwise 

intractable plant problems. 

Biological control using antagonistic bacteria has been successful in controlling 

many postharvest pathogens. Burkholderia cepacia and other Pseudomonas 

species are some of the most promising bio-control microorganisms (Cartwright el

al., 1995). They are known to produce a wide range of secondary metabolites such 

as pyrrolnitrin, phenazine, cepabactin and other unidentified volatile or non­

volatile compounds (Cartwright el al., 1995). 

2.2.2.1 Botanical Fungicide 

Plants compounds are being used increasingly since numerous plant chemicals 

have antifeedant and insecticidal properties (Tripathi and Tripathi, 2000). 

According to Samy et al., 2005, there are around 8, 1000 species of plants in 

Malaysian rainforests, of which I 0% of them are reported to have some medicinal 

values. In addition, the total area of rainforest in Malaysia is around 19.12 million 

hectares, occupying some 58.1 % of the land area in the country. Hence. there is 

potential for discovering drugs that are beneficial to human health. 

6 

©COPYRIG
HT U

PM



Plants. especially medicinal plants, offer a vast resource of novel natural 

compounds often with exciting activities and biological properties. It has a 

valuable source of new and biologically active molecules. It is important to have 

the necessary tools in hand. These include suitable biological assays and chemical 

screening methods. 

In literature, many natural products were reported to have antimicrobial properties 

which are effective in treatment of infectious diseases such as diarrhea (Mathabe et 

al., 2006), antibacterial and wound healing (Ming et al., 2006) and treatment of 

cutaneous condition (Lopez et al., 200 I). Antimicrobial of plant origin have 

enormous therapeutic potential. They are effective in the treatment of infectious 

disease while simultaneously mitigating many of the side effects that are often 

associated with synthetic microbial. 

According to Nair et al. (2005), plants with possible antimicrobial activity should 

be tested against an appropriate microbial model to confirm the activity and to 

ascertain the parameters associated with it. Subsequently, simple bioassay should 

be developed for screening plant extracts to detect plant compounds with relevant 

biological activities which may be used as a guide for fractioning plant extracts. 

Allelopathy is defined as the interaction between plants in the ecosystems by 

chemical exudation into the environment (Rice, 1984). In agriculture practice, 

allelopathy has been exploited as a tool of weed management (Kohli et al .. 1998). 

Numerous plants are observed lo have allelopathic activity. However, only a few 

among them: Medicago sativu l. (alfafo), Hordewn vulgare L. (barley), 

7 
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Fago1�1·n1111 esrnle11t11111 Muench (buckwheat), A.1paraJ{u,v ofjlcinalls L. 

(nspnragus). O,yza saliva L. (rice), Zea mays L. (corn), Colocasia escu/enta Seo/I 

(taro). Vicia villosa ( hairy vetch), and Mucuna prurien.1· (velvet bean) own strong 

allelopathic properties (Fujii, 200 I; Tsuzuki, 200 I; Xuan et al., 2002). Ageratum 

conyzoides was assessed to have a strong invasion capacity in plant communities, 

significantly reducing natural growth of weeds in its vicinity. The leaves were 

reportedly to be used by local farmers, as traditional manure in paddy field for soil 

improvement. 

2.2.2.1.1 Allamanda cathartica 

A/lamanda (Apocynaceae) is a genus of climbing shrubs, which comprises ten 

species distributed in Brazil (Joly, 1975). Some species, including A/lamanda 

cathartica, Allamanda cathartica, A/lamanda blanchelli and Allamanda schollii 

have been analyzed with respect to their chemical composition and 

pharmacological properties. A. cathartica has long been used in traditional 

medicine for different purposes, including, for example, the treatment of liver 

tumours (Mors et al., 2000). A. blancetti and A. schottii are economically used as 

ornamental plants. 

Previous work has demonstrated the presence of the bioactive iridoid lactones 

plumericin, isoplumericin (Abdel-Kader et al., 1997), allamandin (Kupchan et al .. 

1974), plumieride (Tiwari et al., 2002), plumieride coumarate, and plumieride 

coumarade glucoside (Coppen et al., 1983) on A. cathartica. The compounds 

plumiericin, isoplumiericin and 5,6-dimcthoxycoumarin (unckalin) were 

previously isolated from A. blanchelli (Bhattacharyya and Morais, 1986). while 

8 
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isoplumcricin. pl11mcrici11. nllomn11di11. allamncin, scopolet.in, scoporone and 

pinorc-inol were obtained from A. schottii (Anderson et al., 1988). Plumcricin and 

isoplumericin exhibited cytotoxic activity against Madison lung carcinoma (MI 09) 

(Abdel-Kader et al., 1997). 

Moreover, fulvoplumierin, another irridoid present in plants of the genus 

Allamanda, demonstrated antifungal, antileukemic, antimicrobiological and anti­

HIV properties (Kardono et al., 1990; Tan et al., 1991). More recently, the 

anticancer activity of plumieride has been demonstrated (Kupchan et al., 1974). 

2.2.2.1.2 Ageratum co11yzoides 

Ageratum conyzoides is an annual herbaceous plant native to Central America and 

the Caribbean. It is now found in many places in tropical and sub-tropical regions. 

This species has great morphological variation, and is highly adaptable to different 

ecological conditions (Sauerborn and Kock, 1988). It has a long history of 

traditional medicinal uses in several countries. It has insecticidal and nematocidal 

properties and appears to be a valuable agricultural resource (Sauerborn and Kock. 

1988). 

A. conyzoides is widely utilized in traditional medicine to treat pneumonia, and to

cure wounds and burns (Durodola, 1977). Local communities in India use this 

species as a bacteriocide, antidysenteric, and antilithic (Borthakur and Baruah. 

1987). Aqueous extracts of leaves or whole plants have been used to treat colic. 

colds, and fevers, diarrhoea, rheumatism, spa m . or as a tonic (Oliveira et al., 

1993). 

9 
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Severn! pharmacological in c ligations have been conducted to determine i 

cflicncy. Durodola ( 1977) verified inhibitory activities of ether and chloroform 

extracts against in vitro development of Staphylococus aureus. 

A. conyzoides has been reported to have potential use in controlling pests. Shabana

et al. ( 1991) use aqueous extracts of the whole plant to show reduction of larvae 

emergence of Meloidogyne incognita. Pu et al. (1990) and Liang et al. (1994) 

indicated that this species sheltered predators of the spidermite Panonychus citri. 

Other citrus spidermite populations, Phyllocoptruta oleivora and Brevipalpus 

phoenicis were suppressed with maintenance of A. conyzoides in the orchards and 

a reduction of leprosy virus was noted (Gravena et al., 1993). 

10 
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CHAPTER3 

MATERIALS AND METHODS 

3.1 Origin of Pathogenic Fungus 

The strain of Fusarium oxysporum used in this study was isolated from naturally 

infected banana tree. Disease tissues were cut into I cm pieces, placed in IO % 

sodium hypochlorite solution for a while, rinsed in sterile distilled water and dried 

with sheets of sterile blotted paper. The tissues were then placed on PDA, 

containing streptomycin sulphate (50mg/L) and were incubated at 22°C for 5 days 

for assessment period. The fungus was confirmed based on their morphological 

characteristics (Montesinos et al., 1996). 

3.2 Collection of Plant Materials 

Six plant species were collected from the vicinity of Universiti Putra Malaysia 

Bintulu Sarawak Campus to determine their antimicrobial behaviour against the 

pathogenic fungus by poisoned technique as previously explained by Nene and 

Thapliyal, 1979. The plant parts were then placed in plastic bags and brought to 

the Microbiology and Biotechnology Laboratory in the Department of Crop 

Science, Faculty of Agriculture and Food Sciences for further study. The plant 

species and their parts used were mentioned in Table 3. I. 

II 
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Tnblc 3.1: Pnns of plant u cd for extraction procC'l'I to determine fungicidal 
activity agoin t plont pathogenic fungus. 

Type of Plant Parts Used 

EmJ1co111a longifolia Leaf, Fruit 

Citrus suhuiensis Leaf, Fruit 

Morinda citrifolia Fruit 

Eugenia o/eina Leaf 

Cassia a/ata Leaf 

Nephe/ium /appaceum 
Leaf 

3.3 Extraction and Screening of Plants for Inhibitory Effects 

The fresh leaves of healthy plants were collected and washed thoroughly with tap 

water and air dried. One gram of plant tissue was ground using pestle and mortar 

by adding IO mL of distilled water (I: IO w/v). The extract was filtered through 

muslin cloth. The supernatant was taken as standard plant extraction solution 

(100%). 

Further, the extract was diluted by adding sterilized water to get IO percents 

concentration. The plant extracts were subjected to boiling temperature of 50°C in 

water bath to avoid contamination and then incorporated into PDA media by 

transferring IO mL of supernatant into 90 mL of melted warm PDA medium and 

gently shaken for thorough mixing the extract. 

The sterilized leaf extract was dispensed into the Petri dish plate and seeded with 8 

mm diameter agar disc of IO days old culture of the pathogen to the centre of PDA 

12 
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medium in the Petri dish plate. Three replications were maintained for each 

treatment. The basal medium (PDA) without any phytoextract was serve as 

control. All the inoculated Petri dish plates were incubated at 28±2°C. The radial

growth of the test fungus in the treated plates was measured in all the treatments 

when the pathogen growth touched the periphery in the control Petri dish plates. 

The percent inhibition of fungal growth was estimated by using formula given by 

Vincent (1927). 

Where, 

I= C-T X 100 

C 

I = percent inhibition 

C = colony diameter in control treatment 

T = colony diameter in treatment 

3.4 Effects of Dipping Durations on Efficacy of Plant Extracts 

One cm agar plugs of F. oxysporum were placed into a sterilized glass test tube. 

Mycelial agar plugs were then dipped into each fungicide suspension and air dried. 

Treated mycelial plugs were transferred onto Petri dish plates containing PDA 

medium. Experiment was repeated at least three times for each dipping duration 

(respectively I 0, 20, 40 and 60 minutes). The plates were then incubated at 

28±2°C. PDA with only sterilized distilled water was served as control. The 

observation of radial inhibition of mycelial growth was carried out seven days 

after incubation (Baldwin and Rathmell, 1988). 

13 
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3.5 Microscopic Examination Test 

In order to investigate the effects of different plant extracts on mycelial growth

inhibition and spore formation of F. oxysporum, fungal cells were harvested from 

the culture grown and the morphology of the fungal cells was observed under a 

light microscope (Nikon Co., Japan) equipped with a digital camera (Nikon E950, 

Japan). 

3.6 Experimental Design 

Experimental design used for this study was Completely Randomized Design 

(CRD). All data were subjected to analysis of variance and treatment means 

separated by the use of the Least Significant Difference (LSD) at 5% level. 
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CIIAPTER 4 

RESULTS 

4.1 Screening of Plants Extracts against the Growth of F. oxysporum

In this study, five plant extracts were found to have suppressive effect on the 

growth of F. oxysporum. The plant extracts were £. longifolia, C. suhuiensis, M 

citrifolia, C. alata and N. lappaceum. However, only one plant extract, namely £. 

oleina, did not show suppressive effect against F. oxysporum since it was not 

significantly different from the control at 5% level of probability. In this study, 

two plant parts were tested i.e. leaf and fruit. It was found that both plant parts 

have the potential to act as botanical fungicides. 

The fruit extracts of£. longifolia presented the highest inhibitory activity against 

F. oxysporum, followed by C. suhuiensis and M citrifolia, with percentage of

inhibition of 56%, 55% and 50%, respectively. However, they were not 

significantly different to each other based on colony diameter (Table 4.1 ), meaning 

that they were equally effective to inhibit the growth of F. oxysporum. 

Plant extracts i.e. fruit and leaf derived from both £. longifolia and C. s11h11iensis. 

showed significant inhibitory effect against F. oxysporu111. Based on my results. 

the best plant extract is C. suhuiensis, followed by C. alata. E. longifolia. M. 

citrifolia and, N. lappaceum, with percentage of inhibition of 64%. 64%. 56%. 

50% and 50%, respectively. 
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Table 4.1: Inhibitory effects of six plant extracts (leaf and fruit) on mycelial 
growth of F. oxysporum seven days after inoculation. 

Leaf Fruit 

Treatment Mean of Mean of 
% inhibition colony % inhibition colony 

Control 
diameter (cm) diameter {cm} 

0.0 5.0d 0.0 5.0b 

(water) 

E. longifolia
56.0 2.2b 56.0 2.23 

C. suhuiensis 64.0 I.SD 55.0 2.253 

M citrifolia n. d. n. d. 50.0 2.sa 

E. oleina 7.6 4.6i n. d. n. d.

C. alata 64.0 I.SD n. d. n. d.

N. lappaceum
50.0 2.5bc n. d. n. d.

n. d. = not determined
Values within columns with the same letter(s) are not significantly different at 5%
level using the Least Significant Difference test
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,U EfTl't't. of DipplnJ? 1>11r111tons ngnl11111 Che Growlh of/•: 11 YfP""""

•\n1011g tlw lcnf c�lrnct of C. ,f11h11irmi.t ond £. lon}{ifo//o tested in lhi� �tudy. ('

srilmic11.�is gnve the most significant nntifungal activity, with percentage of

inhihiti n of 65%. 52%. 60% and 57%, after dipping for I 0, 20, 40 and 60

minutes. respectively (Figure 4.1 ). However, it was found that there was no 

ignificant (p<0.05) difference in terms of the dipping durations. The effects of 

antifungal activities on F. oxysporu111 colony development were shown in Figure 

4.3. 

The percentage inhibition values varied significantly between the fruit extracts of 

C. suhuiensis, E. longifolia and M. citrifolia (Figure 4.2). There was a significant

increase and decrease in the percentage of inhibition of E. /ongifo/ia and M. 

citrifolia, respectively, at dipping duration of 20 minutes. On the other hand, the 

percentage of inhibition of C. suhuiensis showed no significant changes initially 

but decreased drastically at dipping duration of 60 minutes. 

Growth of F. oxysporum treated with C. suhuiensis extract was the most inhibited. 

while F. oxysporum treated with E. oleina extract showed its highest growth 

(Figure 4.3). These findings agreed with the previous results on the percentage of 

inhibition shown for these two extracts, where the leaf extract of C. s11/111iensis was 

shown to have the highest anti fungal activity and percentage of inhibition against 

F. oxy:,poru111.
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Figure 4.1: Inhibitory effects of leaf extracts of C. suhuiensis and£. longifolia on 
mycelial growth of F. oxysporum seven days after inoculation. 
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Figure 4.2: Inhibitory effects of fruit extracts of C. suhuiensis, E. /ongifolia and M 
citrifolia on mycelial growth of F. oxysporum seven days after 
inoculation. 
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Figure 4.3: Mycelial growth of F. oxyspor11111 on PDA supplemented with I: I 0 
concentration of (A) M. citrifo/ia; (B) E. longifolia; (C) Control 
(water); (D) C. suhuiensis; (E) E. oleina seven days after inoculation. 
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4.J Microscopic Exnmlnntlon Tcsl

In order to inve ligate the effect of different plant extracts on the growth of spore� 

and mycclia, fungal cells were harvested from the culture grown and the 

morphology of the fungal cells was observed under a binocular light microscope 

(Nikon Co., Japan) equipped with a digital camera (Nikon E950, Japan). 

The results of the effects of different plant extracts on mycelial growth and spore 

germination of F. oxysporum were presented in figure 4.4. It was observed that the 

extracts showed significant differences in their efficacy over the control. 

The results in Figure 4b showed that lysis occurred in the mycelium of F. 

oxysporum treated with C. suhuiensis and fewer spores were developed. Poor 

mycelial growth and fewer spores were also observed in Figure 4c. It showed that 

the mycelium of F. oxysporum treated with E. longifolia had shrunk with lower 

spore production. On the other hand, the results in Figure 4d indicated that the 

spore production was not affected by the treatment and had no significant 

differences between E. oleina-treated F. oxyJporum and the control, but the results 

in Figure 4e showed that the mycelium of F. oxysporum treated with M citrifolia 

developed normally with high production of spores. 
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l·igurc 4.4: Morphology of tested fungus observed by light microscope at a
magnification of ll.400. The fungus was treated" ith (A) Control 
(water); (B) C. .rnh11ie11.1is; (C) £. /011gifolia; (D) £. oll!i11a; (E) .\/. 
citrifolio for three days. 
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CHAPTERS 

DISCUSSION 

The presence of antibacterial substances in the higher plants is well established 

(Srinivasan, 200 I). Plants have provided a source of inspiration for novel drug 

compounds as plant-derived medicines have made a significant contribution 

towards human health. Phytomedicine can be used for the treatment of diseases as 

is done in case of Unani and Ayurvedic system of medicines or it can be the base 

for the development of a medicine, a natural blueprint for the development of a 

drug (Didry et al., 1998). 

The fungi toxic effects of aqueous plant extracts in different plant species indicated 

that the importance of the plant species as natural sources of fungicidal materials 

that can inhibit the growth of some plant pathogens. From the previous research, 

many workers have reported antifungal activities of different plant species and 

stressed the importance of plants as a possible source of natural fungicides (Tewari 

and Oath, 1984; Lakshmanan, 1990; Tewari, 1995; Philip and Sharma, I 997; 

Ogbebor and Adekunle, 2005). 

A number of factors can influence the antibacterial activity of plant extracts tested, 

including growth conditions, seasonal variations and extraction methodology. The 

observed antibacterial effects of the extracts are believed to be due to the presence 

of alkaloids, tannins and flavonoids which have been shown to possess 

antimicrobial properties (Cowan, 1999; Draughon, 2004). Some workers have also 

attributed their observed antimicrobial effects of plant extracts to the presence of 
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these econdary metabolites (Nweze et al., 2004). Some workers have also

identified tannins, flavonoids and alkaloids in the extracts of some medicinal

plants (Esimone et al., 1998). 

Among all the leaf extracts tested, C. suhuiensis showed clear inhibitory effect at 

all dipping durations, thus it was found to be the most effective agent in 

controlling the mycelial growth of F. oxysporum. The results obtained in this study 

showed that C. suhuiensis extract possesses the highest antifungal properties. This 

is consistent with the finding of Roowi (2008) demonstrated that C. suhuiensis 

extract contains large amounts of flavonoids that present in the leaves of this fruit 

tree which retards the growth and activity of the pathogen. 

Statistical Analysis also revealed that water and E. oleina extract had no 

significant difference in their inhibitory effects at dipping durations of I 0, 20 40 

and 60 minutes. Thus, we can deduce that E. oleina extract possesses some residue 

activity. This finding showed that the extract did not exhibit either the mycel ium 

or the spore of F. oxysporum. 

The fruit extracts tested in this study were good growth inhibitors of F. o,,ysporum, 

but E. /ongifolia extract was more effective against F. oxysporum than C. 

suhuiensis and M. citrifolia extracts. E. longifolia extract has been found to contain 

quassinoids such as eurycomanol and eurycomanolactone, alkaloids. sterols. 

sapenins and terpenoids. Several quassinoids isolated from E. longifolia extract 

have shown a variety of pharmacological etfocts, such as anti-inflammatory 

activity, antileukaemic activity, and growth inhibitory activity against F.
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oxysporum. In Malaysia, research has confirmed thatisolated constituents as well 

as whole plant extract show aphrodisiac, anti-malarial, febrifuge, antihistaminic, 

anti-tumour, anti-ulcer and antiviral activity.

This dip treatment can be used treatment as recommended by Mesiter (1992) to inhibit 

Fusarium Wilt disease on banana plant.
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CHAPTER 6 

CONCLUSION 

The results of this study clearly indicated that the antifungal activity against F. 

oxysporum varied among plant extracts. This study confirmed that the leaf extract 

of C. suhuiensis and the fruit extract of£. /ongifolia possessed much better in vitro 

anti fungal activity than the other leaf and fruit extracts tested, respectively. 

The significant effects of plant extracts tested, especially the leaf extract of C. 

suhuiensis and the fruit extract of£. longifolia, against F. oxysporum suggested 

that they may possibly be used as bio-fungicides. However, further analysis could 

be done to isolate the antimicrobial agents present in the extracts and for large 

scale production. 

26 

©COPYRIG
HT U

PM



IHWl�IH:N 'ES 

Abnrc !"1·L.. M.��- Orog�rlnt,_ G. ·nsh.:1111 ontf F..1. Cabanes. 1994. Myconora and
atl3tox111-produ 111g strums III animnl mixed feeds. Journal of Food Protection
�7:�56-258. 

Abdel-Kader. M . .• J. Wisse, R. Evans, H. van der Wcrff., D.G. Kingston. 1997.
Bionctive iridoids and new lignan from Al/amanda cathartica and Himatanthu.v
fnllm- from the Suriname rainforest. .Journal of Natural Product 60: 1294-1297. 

Agrios, G.N. 1988. Plant Pathology. New York: Academic Press, Inc. 

Anderson, J.E.. C.J. Chang, J.L. Mc'Laughlin. 1988. Bioactive components of 
Allamanda scho((ii. Journal of Natural Product 51:307-308. 

Baldwin, B.C. and W.G. Rathmell, 1988. Evolution of Concepts for Chemical 
Control of Plant Disease. Annual Review Phytopathology 26:265-283. 

Bhattacharyya, J. and M.S.Q. Morais. 1986. 5,6-dimethoxy-7-hydroxycoumarin 
(unckalin) from Allamanda blanchetti, isolation and I 3CNMR characteristics. 
Journal of Natural Product 49:354. 

Borthakur, N. And A.K.S. Baruah. 1987. Search for precocenes in Ageratum 
conyzoides Linn. of North-East India. Journal of Indian Chemistry Society 64:580-
581. 

Coppen, J.J., and A.L. Cobb. 1983. The occurrence of iridoids in Plumieria and 
Allamanda. Journal of Phytochemisfly 22: 125-128. 

Cowan, M.M. 1999. Plant products as antimicrobial agents. Clinical Microbiology 
Reviews 12:564-582. 

D. Kelly Cartwright, W. S. Chilton and D. M. Benson. 2005. Pyrrolnitrin and
phenazine production by Pseudomonas cepacia, strain 5.5B, a biocontrol agent of
Rhizoctonia solani. Applied Microbiology and Biotechnology 43:211-216

Didry, N., L. Dubreuil, F. Trotin and M. Pinkas. 1988. Antimicrobial activity of 
the aerial parts of Drosera pellata smith on oral bacterial. Journal of 
Ethnoparmacol 60:91-96. 

Draughon, F.A. 2004. Use of Botanicals as Biopreservatives in Foods. Food 
Technology 58(2):20-28.

Durodola, J.J. 1977. Antibacterial property of crude extracts from herbal wound 
healing remedy-Ageratum conyzoides. Plant Medical 32:388-390. 

Esimone, C.O., M.U. Adiukwu and J.M. Okonta. 1998. Preliminary Antimicrobial 
Screening of the Ethanolic Extract from the Lichen Usnea subfloridans (L). 
Journal of Pharmaceutical Research and Development 3(2):99-102.

27 

©COPYRIG
HT U

PM



Fujii. �'· 200 I. __ Screcni_ng and fiilurc cxploilation of allclopathic plant� as
nl1crno11v,· herbicide w11h special reference to hairy vetch. Journol of Crop

Prod11criv11 4:257-275. 

Gravcno. •· A. Coleni. and P.T. Yamamoto. 1993. Influence of green cover with 
Ageratum conJ:zoi1es . and Eupatori11111 pauciflorum on predatory and
phytophagous 1111tes in citrus. Bulletin Of LB-SR OP 16: I 04-114. 

Joly. A.B. 1975. Botanica lntroduyiio a Taxonomia Vegetal. Siio Paulo, Brazil: 
Editora Nacional. 

Jones, J.P., J.B. Jones, and W. Miller. 1982. Fusarium wilt on tomato. Fla 
Department Agriculture and Consumer Service, Divisionof Plant Industry. Plant 
Pathology Circular No. 237. 

Kardono, L.B.S., S. Tsauri., K. Padmawinata., J.M. Pezzuto. And A.D. Kinghorn. 
I 990. Cytotoxic constituents of the bark of Plumieria rubra collected in Indonesia. 
Journal of Natural Product ion 53: 144 7-14 5 5. 

Kedera, C.J., R.D. Plattner and A.E. Desjardins. 1999. Incidence of Fusarium spp. 
and levels of fumonisin 81 in maize in western Kenya. Applied and Environmental 
Microbiology 65:41-44. 

Kupchan, S.M., Dessertine., B.T. Blaylock B.T. and R.F. Bruan. 1974. Isolation 
and structural elucidation of allamandin, an antileukemic iridoid lactone from 
A!lamanda cathartica. Journal of Organic Chemistry 39:2477-2484. 

Kohli, R. K., D. Balish. and H.P. Singh. 1998. Allelopathy and its implications in 
agroecosystems. Journal of Crop Production I: 169-202. 

Lakshmanan, P. 1990. Effect of certain plant extracts against Corynespora 
casiicola. India Journal Mycology and Plant Pathology 20(3):267-269. 

Liang, W.G., W. Hui and W.K. Lee. 1994. Influence of citrus orchard ground 
cover plants on arthropod communities in China: a review. Agriculture Ecosystem 
Environment 50:29-37. 

Lung, F., 0. Filtenborg, S. Estall and J.C. Frishad. 1996. Associated mycoflora of 
rye bread. Letter in Applied Microbiology 21: I 05-110. 

Lopez, A., J.B. Hudson. and G.H.N. Towers. 200 I. Antiviral and antimicrobial 
activities of Columbian medicinal plants. Journal of Ethnopharmalogy in Tropic 
77: 189-196. 

Mathabe, M.C., R. V. Nikolova., N. Lall and N.Z. Nyazema. 2006. Antibacterial 
activities of medicinal plants used for treatment of diarrhea in Limpopo Provine, 
South Africa. Journal of Ethnophar111aco/ogy in the Tropic 105: 286-293. 

28 

©COPYRIG
HT U

PM



Meis_
ter'. R.T. 1992- Farm Chemicals Handbook '92. Willou hb : Meister

Pubhshmg Company. 
g Y 

Mi�g, L.C. I 999. Ageratz'.111 conyzoides: A tropic source of medicinal and
agricultural produc

_
ts, J. Janick (ed.), Perspectives on new crops and new uses, p.

469-473. Alexandria, YA: ASHA Press.

Montesinos, E. and A. Bonaterra. 1996. Dose response models in biocontrol of 
plant pathogens: An empirical verification. Phytopathology 86:464-472. 

M?rs
'. 

W.B., C.T. Rizzini. And N.A. Pereira. 2000. Medicinal plants of Brazil.
M1ch1gan, USA: Reference Publications, Inc Agonac. 

Nair, R., T. Kalariya and S. Chanda. 2005. Antibacterial activity of some selected 
Indian medicinal flora. Turkey Journal Biology in the Tropic 29:41-4 7. 

Nilsen, Per V. And R. Rios. 2000. Inhibition of fungal growth on bread by volatile 
components from spices and herbs, and the possible application in active packing, 
with special emphasis on mustard essential oil. International Journal of Food 
Microbiology 60:219-229. 

Nweze, E.I., J.I. Okafor and 0. Njoku. 2004. Antimicrobial act1v1t1es of 
methanolic extracts of Trema guineensis (Schumm and Thorn) and Marinda lucida 
Benth used in Nigerian Herbal Medicinal Practice. Journal of Biology Research 
Biotechnology 2(1 ):39-46. 

Ogbebor, O.N. and A.T. Adekunle. 2005. Inhibition of conidia germination of 
mycelia growth of Corynespora casiico/a (Berk and Curt) of rubber (Hevea 
brasiliensis Muell. Arg.) using extracts of some plants. Africa Journal 
Biotechnology 4(9):996-1000. 

Oliveira, F., M.K. Akisue and L.O. Garcia. I 993. Caracterizacao farmacognostica 
da droga edo extracto tluido de menstrato, Ageratum conyzoides L. Lecta. 11 :63-
100 (in Spanish). 

Philip, J. and S.K. Sharma. 1997. The effect of anesthetic techniques on blood 
coagulability in parturients as measured by thromboelastography. Anesthesia and 
Analgesia 85(1):82-86. 

Pu, T.S., K.Y. Liao and T. Chang. 1990. Investigations on predations mite 
resources in citrus orchards in Guang Xi and their utilization. Acta Phytophyarica 
Sin 17:355-358. 

Rice, E.L. t 984. Allelopathy, 2nd Edition. Academic Press, Orlando, Florida, p.

422. 
Rivlin, R. 200 I. Historical perspective on the use of garlic. Journal of N111rition

131: 95 I S-954S. 

29 

©COPYRIG
HT U

PM



Ricl_u�rd• D. �00�. Fusari11111 Will (Pannmn Di cnsc) of Banana. Sccrctt1rial o thePncd 1c omm11n1ty. 

Roowi. uri. 2008. Tropical citrus antioxidants and catabolism of phenolics ingreen ten. coffee. cocoa and orange juice. Ph.D. thesis. University of Glasgow.

nleem Ai-Delaimy. Z.M. Saleem and K.S. Ai-Delaimy, 1982. Inhibition of 
Bacillus cereus by garlic extract. Journal of Food Protection 45: I 007-1009. 

Samy, J •• M. Sugumaran and K.L.W. Lee. 2005. Herbs of Malaysian, An

introduction to the medicinal, culinary, aromatic and cosmetic used of herbs, ed. 
K.M. Lee, p. 11-13 and 184-185. Times editions.

Sauerbom
'. 

J. and W. Kock. 1988. Untersuchungen zur Keimungsbiologie von 
sechs troptschen Segetalaten. Weed Research 28:47-52 (in German). 

Shabana, N., S.I. Husain and S. Nisar. 1991. Allelopathic effects of some plants on 
the larval emergence of Meloidogyne incognita. Journal of Indian Applied and

Pure Biology 5: 129-130. 

Shelef, L.A., A. Naglik and D.W. Bogen. 1980. Sensitivity of some common food­
borne bacteria to the species sage, rosemary, and allspice. Journal of Food Science
45: 1042-1044. 

Soforowa, E.A. 1982. Medicinal plants and traditional medicine in Africa. John 
Wiley and Sons, Chichester, p. 198. 

Smith, P.A., J. Stewart and L. Fyfe. 1998. Antimicrobial properties of plant 
essential oils and essences against important food-borne pathogens. Leuers in
Applied Microbiology 26: 118-122. 

Srinivasan, D., S. Nathan, T. Suresh and 0. Perumalsamy. 200 I. Antimicrobial 
activity of certain Indian Medicinal Plants used in folkloric medicine. Journal of
Ethopharmacol 74:217-220. 

Tan, G.T., J.M. Pezzuto and A.D. Kinghorn. 1991. Evaluation of natural products 
as inhibitors of human immunodeficiency virus type 1 (HIV-1) reverse 
transcriptase. Journal of Natural Production 54:43-154. 

Tassau C., K. Koutsoumanis and G.J.E. Nyachas. 2000. Inhibition of Salmonella
enteritidis and Staphylococcus aureus in nutrient broth by mint essential oil. Food
Research International 33:273-280. 

Tewari, S.N. and A.P. Oath. 1984. Effect of leaf extract media of some plants on 
the growth of three fungal pathogens of rice. Indian Phytopathology 37:458-461. 

Tewari, S.N. t 995. Ocimum sanctum L., a botanical fungicide for rice blast 
control. Tropical Science 35:263-273. 

30 

©COPYRIG
HT U

PM



Ti"ari. I. .. V.B. Pande) and .K Dubey. 2002. Plumicndc from Allamandantlmrt, a a an antiderrnatophytic agem Pltytotlternpy ReJearch 16:393-394.

Tripahti. Y • and G. Tripahti. 2000. Role of biopesticides in environmental safety.
, c1e11ce 011d Culture 66: 171-176. 

T uzuki. E. 200 I. Application of buckwheat as weed control. Agriculture
Horticulture 76:55-62 (in Japanese). 

Valero. M. and M.C. Salmer6n. 2003. Antibacterial activity of 11 essential oils 
against Bacillus cereus in tyndallized carrot broth. fnternat,onal Journal of Food 
Microbiology 85: 73-81. 

Vincent, J.M. 1927. Distortion of fungal hyphae in presence of certain inhibitors. 
a/lire. 159:850.

Wong. P.Y.Y. and D.D. Kitts. 2002. The effects of herbal pre-seasoning on 
microbial and oxidative changes in irradiated beef steaks. Food Chemistry 76: 197· 
205. 

Xuan, T. D., E. Tsuzuki., H. Uernatsu and H. Terao. 2002. Effects of alfalfa 
(Medicago saliva L.) on weed control in rice. Journal of Allelopathy 9: 195-203. 

Yildirim A., A. Mavi, M. Oktay, A.A. Kara, O.F. Algur and V. Bilaloggu. 2000. 
Comparison of antioxidant and antimicrobial activities of tilia (Ti/ia argentea Desf 
Ex DC), sage (Salvia triloba l.), and black tea (Camellia sinens1s) extracts. 
Journal of Agricul111ral and Food Chemis11y 48:5030-5034. 

Zaika, LL 1988. Spices and herbs: their antimicrobial activity and it 
determination, Journal of Food Safety 9:97-118. 

Zimdahl, R.L. 1999. Fundamental of Weed cience. an Diego. CA: Academic 
Press, Inc. 

31 

©COPYRIG
HT U

PM



APPENDIX

Inhibitory effects of six plant extracts (leaf and fruit) on mycelial growth of F.
oxysporum seven days after inoculation

Treatment Colony diameter {cm} 
10 minutes 20 minutes 40 minutes 60 minutes 

Control 5.48 5.48 5.48 5.48 
(water) 

E. /ongifolia 2.40 2.94 2.67 2.93 
(leaf)

C. suhuiensis 1.92 2.64 2.20 2.35 
(leaf)

C. suhuiensis 3.12 3.16 2.47 3.77 
(fruit)

E. /ongifolia 2.89 2.35 2.85 2.70 
(fruit)

M. citrifolia 2.88 4.64 3.29 2.69 
(fruit)

E. oleina (leaf) 5.08 5.07 5.66 6.35 

C. alata (leaf) 2.69 1.96 5.07 5.70 

N. /appaceum 2.79 3.56 4.19 5.48 
(leaf)
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