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ABSTRACT 

Crop diseases caused by crop pathogenic fungi are leading to considerable yield losses of 

crop. Conventional fungicides have been utilized extensively in curbing crop diseases. 

Considerable efforts are directed at exploring potential of plant-derived fungicides as 

alternative to conventional fungicides. Biodegradable plant-derived fungicides hold 

promise for sustainable crop protection. The present study aimed to determine the 

antifungal potential of selected medicinal plants to be used as a plant-derived fungicide. 

Sequential extraction using absolute n-hexane, ethyl acetate, and methanol was performed 

on Garcinia mangostana, Moringa oleifera, Clinacanthus nutans, Cymbopogon citratus, 

Elephantopus scaber, Pandanus amaryllifolius, Triticum aestivum, Polygala paniculata 

and Tridax procumbens to obtain crude extract from different solvents. Antifungal assay 

were conducted and screened against Fusarium solani, Colletotrichum musae and two 

isolates of Pyricularia oryzae. Tukey post hoc test (p<0.05) was used to compare the 

significant difference in growth rate of fungal colony treated with different concentrations 

of crude extract obtained from different solvents using SPSS version 20. Antifungal assay 

of 27 crude extracts from nine medicinal plants against three crop pathogenic fungi were 

reported in this study. Out of 27 crude extracts, eight crude extracts were significantly 

retarding the growth of all tested crop pathogenic fungi. There were 16 crude extracts 

significantly retarding the growth of at least one crop pathogenic fungi while three crude 

extracts had no fungistatic effect on neither one of the crop pathogenic fungus. This 

suggested that the antifungal activity of crude extracts were fungal species dependent. 

Isolate dependent of growth retardation effect was observed based on the antifungal assay 

against isolate POSA1 and POSA2 of P. oryzae. The selective activity of crude extract 

with fungal dependent and isolate dependent properties may not be applicable in the field 
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because searching for potent antifungal agent need to be effective to most significant 

species or isolates of crop pathogenic fungi. Mostly, the fungal growth rate was delayed by 

two to four days to reach the full plate compared to corresponding control plates. Crude 

extracts from different medicinal plant species were found to be effective in retarding but 

not killing the tested crop pathogenic fungi. The effectiveness of antifungal activities may 

be likely due to the presence of secondary metabolites in extracts of medicinal plants. 

Further research on the active secondary metabolites from plant extract is prominent to 

uncover potential antifungal agents.   

 

Keywords: Plant-derived fungicide, medicinal plant, crop pathogenic fungi, antifungal 

activities  
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Ciri-ciri Antikulat bagi Beberapa Tumbuhan Ubatan Terpilih Terhadap Kulat 

Patogenik Tumbuhan 

ABSTRAK 

Penyakit tumbuhan berpunca daripada kulat patogenik tumbuhan mengakibatkan 

pengeluaran hasil tanaman yang rendah. Racun kulat digunakan secara berleluasa dalam 

pengurusan penyakit tumbuhan. Tumpuan diberikan kepada usaha-usaha meneroka 

potensi kulat racun tumbuhan sebagai alternatif kepada racun kulat. Racun kulat 

tumbuhan yang mesra alam menjamin pengurusan penyakit tanaman secara mampan. 

Tujuan kajian ini adalah untuk mengungkap potensi antikulat tumbuhan ubatan terpilih 

untuk digunakan sebagai racun kulat tumbuhan. Pengekstrakan berurutan menggunakan 

n-heksana, etil asetat, dan metanol pada Garcinia mangostana, Moringa oleifera, 

Clinacanthus nutans, Cymbopogon citratus, Elephantopus scaber, Pandanus 

amaryllifolius, Triticum aestivum, Polygala paniculata dan Tridax procumbens telah 

dijalankan untuk mendapatkan ekstrak mentah daripada pelarut yang berbeza. Ujian 

antikulat telah dijalankan dan disaring terhadap Fusarium solani, Colletotrichum musae 

dan dua isolat Pyricularia oryzae. Ujian Tukey post hoc (p<0.05) dalam SPSS versi 20 

telah digunakan untuk membandingkan perbezaan yang signifikan dalam pertumbuhan 

koloni kulat yang dirawat oleh kepekatan ekstrak mentah yang berbeza dan diperoleh 

daripada pelarut yang berbeza. Ujian antikulat pada 27 ekstrak mentah daripada sembilan 

tumbuhan ubatan terhadap tiga kulat patogenik tumbuhan telah dilaporkan dalam kajian 

ini. Lapan ekstrak mentah dari 27 ekstrak mentah telah menunjukkan penyekatan yang 

signifikan pada ketiga-tiga kulat patogenik tumbuhan. Terdapat 16 ekstrak mentah 
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menyekat sekurang-kurangnya satu kulat patogenik tumbuhan yang diuji dan tiada 

penyekatan kulat patogenik tumbuhan dikesan pada tiga ekstrak mentah. Ini 

mencadangkan bahawa aktiviti antikulat bergantung kepada species kulat. Penyekatan 

yang signifikan bergantung kepada isolat kulat juga dikesan dalam ujian antikulat isolat 

POSA1 dan POSA2 dari P. oryzae. Kebergantungan aktiviti antikulat ekstrak mentah 

kepada species dan isolat mungkin mengehadkan penggunaan di ladang kerana agen 

antikulat perlu berkesan untuk kebanyakan species atau isolat kulat patogenik tumbuhan. 

Kebanyakan pertumbuhan kulat koloni dengan perbezaan yang signifikan disekat selama 

dua hingga tiga hari untuk mencapai plat penuh berbanding dengan plat kawalan. Ekstrak 

mentah daripada beberapa tumbuhan ubatan terpilih didapati berkesan dalam menyekat 

pertumbuhan tetapi tidak membunuh kulat patogenik tumbuhan yang diuji. Aktiviti 

antikulat dengan penyekatan pertumbuhan yang signifikan mungkin disebabkan oleh 

adanya metabolit sekunder dalam ekstrak tumbuhan ubatan. Penyelidikan lebih lanjut 

mengenai metabolit sekunder aktif daripada ekstrak tumbuhan ubatan adalah penting 

untuk mengunkap potensi agen antikulat. 

 

Kata kunci: Racun kulat tumbuhan, tumbuhan ubatan, kulat patogenik tumbuhan, 

aktiviti antikulat 



vii 
 

TABLE OF CONTENTS 

  Page 

DECLARATION i 

ACKNOWLEDGEMENT ii 

ABSTRACT iii 

ABSTRAK v 

TABLE OF CONTENTS vii 

LIST OF TABLES xi 

LIST OF FIGURES xiv 

LIST OF ABBREVIATIONS xv 

CHAPTER 1: INTRODUCTION 1 

1.1 Study Background 1 

1.2 Problem Statement 2 

1.3 Objectives 4 

CHAPTER 2: LITERATURE REVIEW 5 

2.1 Plant-derived Fungicides 5 

2.1.1 Overview of Plant-derived Fungicides 5 

2.1.2 Commercially Available Plant-derived Fungicides 5 

2.1.3 Antifungal Metabolites that Showing Potent In vivo Antifungal Activities 9 

2.2 Antimicrobial Research Trends of Selected Medicinal Plants  12 



viii 
 

2.2.1 Fruit Tree 12 

2.2.1.1 Garcinia mangostana 12 

2.2.1.2 Moringa oleifera 13 

2.2.2 Herbs 15 

2.2.2.1 Clinacanthus nutans 15 

2.2.2.2 Cymbopogon citratus 15 

2.2.2.3 Elephantopus scaber 17 

2.2.2.4 Pandan amaryllifolius 17 

2.2.2.5 Triticum aestivum 18 

2.2.3 Weeds 18 

2.2.3.1 Polygala paniculata 18 

2.2.3.2 Tridax procumbens 19 

2.3 Previous Antifungal Studies against the Selected Crop Pathogenic Fungi  20 

 

2.4 Phytochemicals that Present in Different Solvent Used  23 

CHAPTER 3: MATERIALS AND METHODS 26 

3.1 Collection of Plant Sample 26 

3.2 Preparation of Plant Sample 27 

3.3 Preparation of Crop Pthogenic Fungi 27 

3.4 Phytochemical Extraction 28 

3.5 Antifungal Assay 29 



ix 
 

CHAPTER 4: RESULTS AND DISCUSSION 32 

4.1 Extraction Yield of the Different Species of Fruit Tree, Herbs and Weeds 32 

4.2 General Fungistatic Effect of the Crude Extracts from Selected Medicinal 

Plants 33 

4.3 Antifungal Assay 35 

4.3.1 Effect of Crude Extracts from Fruit Tree on the Growth of Different Crop 

Pathogens 35 

4.3.1.1 Fusarium solani  35 

4.3.1.2 Colletotrichum musae 37 

4.3.1.3 Pyricularia oryzae 39 

4.3.2 Effect of Crude Extracts from Selected Herbs Species on the Growth of 

Different Crop Pathogens 41 

4.3.2.1 Fusarium solani 41 

4.3.2.2 Colletotrichum musae 44 

4.3.2.3 Pyricularia oryzae 46 

4.3.3 Effect of Crude Extracts from Selected Weeds Species on the Growth of 

Different Crop Pathogens 52 

4.3.3.1 Fusarium solani 52 

4.3.3.2 Colletotrichum musae 53 

4.3.3.3 Pyricularia oryzae 55 

4.4 General Discussion 58 



x 
 

CHAPTER 5: CONCLUSION AND RECOMMENDATIONS 67 

5.1 Conclusion 67 

5.2 Recommendations 67 

REFERENCES  69 

APPENDICES  95 

 



xi 
 

LIST OF TABLES 

 

 

 

 Page 

Table 2.1 Antifungal metabolites that showing potent in vivo antifungal 

activities from previous studies 

10 

Table 2.2 Antifungal properties of selected medicinal plants against tested crop 

pathogenic fungi from previous studies 

22 

Table 2.3 Pytochemicals of the selected medicinal plants from previous studies 
24 

Table 3.1 The nine medicinal plant species used for extraction in this study 
26 

Table 4.1 The 27 crude extracts from selected medicinal plant species that 

having different effects towards different crop pathogenic fungi 

34 

Table 4.2 The number of crop pathogenic fungi that are affected by crude extract 

of selected medicinal plants 

35 

Table 4.3 The average growth rate (cm/day) of F. solani on different 

concentrations of crude extracts from fruit tree species 

37 

Table 4.4 The significant colony fungal growth of F. solani on the plates 

containing crude extracts from fruit tree species that have antifungal 

properties 

37 

Table 4.5 The average growth rate (cm/day) of C. musae on different 

concentrations of crude extracts from fruit tree species 

38 

Table 4.6 The significant colony fungal growth of C. musae on the plates 

containing crude extracts from fruit tree species that have antifungal 

properties 

38 



xii 
 

Table 4.7 The average growth rate (cm/day) of P. oryzae on different 

concentrations of crude extracts from fruit tree species 

40 

Table 4.8 The significant colony fungal growth of P. oryzae on the plates 

containing crude extracts from fruit tree species that have antifungal 

properties 

41 

Table 4.9 The average growth rate (cm/day) of F. solani on different 

concentrations of crude extracts from herb species 

42 

Table 4.10 The significant colony fungal growth of F. solani on the plates 

containing crude extracts from herb species that have antifungal 

properties 

43 

Table 4.11 The average growth rate (cm/day) of C. musae on different 

concentrations of crude extracts from herb species 

45 

Table 4.12 The significant colony fungal growth of C. musae on the plates 

containing crude extracts from herb species that have antifungal 

properties 

46 

Table 4.13 The average growth rate (cm/day) of P. oryzae on different 

concentrations of crude extracts from herb species 

49 

Table 4.14 The significant colony fungal growth of P. oryzae on the plates 

containing crude extracts from herb species that have antifungal 

properties 

50 

Table 4.15 The average growth rate (cm/day) of F. solani on different 

concentrations of crude extracts from weed species 

52 



xiii 
 

Table 4.16 The significant colony fungal growth of F. solani on the plates 

containing crude extracts from weed species that have antifungal 

properties 

53 

Table 4.17 The average growth rate (cm/day) of C. musae on different 

concentrations of crude extracts from weed species 

54 

Table 4.18 The significant colony fungal growth of C. musae on the plates 

containing crude extracts from weed species that have antifungal 

properties 

54 

Table 4.19 The average growth rate (cm/day) of P. oryzae on different 

concentrations of crude extracts from weed species 

56 

Table 4.20 The significant colony fungal growth of P. oryzae on the plates 

containing crude extracts from weed species that have antifungal 

properties 

57 

Table 4.21 Pytochemicals and antimicrobial activity of the selected medicinal 

plants from other studies 

63 



xiv 
 

LIST OF FIGURES 

 

 

 

 Page 

Figure 3.1 Crop pathogenic fungi 
28 

Figure 3.2 General procedure of sequential extraction 
29 

Figure 3.3 Overview of an agar plate that showing the four axes which were used 

to measure the colony growth 

31 

Figure 4.1 Yield of crude extracts of different species of fruit tree, herbs and 

weeds 

32 

 



xv 
 

LIST OF ABBREVIATIONS 

 

 

 

DMSO Dimethyl sulfoxide 

GC-MS Gas chromatography-mass spectrometry  

HPLC High performance liquid chromatography 

MFC Minimum fungicidal concentration 

MIC Minimum inhibitory  concentration 

OMA Oatmeal agar 

PDA Potato dextrose agar 



1 
 

CHAPTER 1 

INTRODUCTION 

 

1.1 Study Background 

Malaysia is among the world’s eighteen biodiversity hotspots and is rich with a 

twelve thousand species of flora (Handa, 2008). Malaysia has diverse species of medicinal 

plants. Medicinal plants play an important role in the maintenance of human health. 

Medicinal plants had been used traditionally as remedy for prevalent diseases including 

cough, malaria, stomachache, diarrhoea, dysentery, cholera, pneumonia, tuberculosis, and 

asthma because they contain secondary metabolites as reported by different studies 

(Rakotoarivelo et al., 2015; Mintah et al., 2019). Secondary metabolites are chemical 

compounds produced by plant cell through metabolic pathways derived from the primary 

metabolic pathways. The secondary metabolites are classified according to their chemical 

structures and they are phenolics, alkaloids, saponins, terpenes, lipids and carbohydrates. 

Some of the chemicals are described as antifungal (Freiesleben & Jäger, 2014; Subramani 

et al., 2017) and could be exploited for controlling or curbing crop diseases caused by crop 

pathogens.  

Most of the crops diseases are caused by plant fungal pathogens (Shuping & Eloff, 

2017). Plant fungal pathogen such as Fusarium sp. causes major yield loss in cereals and 

tropical fruit crops (Perincherry et al., 2019). The use of chemicals has helped in the 

control of crop diseases, but excessive utilization of conventional fungicides causes some 

identifiable problems (de Miccolis Angelini et al., 2014; Hahn, 2014). Biofungicides are 

preferable in curbing crop diseases instead of utilization conventional fungicides. 

Biofungicides are biologically agents derived from natural materials such as microbes, 
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certain minerals and plants (United States Environmental Protection Agency, 2021). It is 

generally safe and eco-friendly, and it is claimed to be target- selective, hence it is safe to 

non-target organisms (Oguh et al., 2019). It is claimed that natural products in plant-

derived fungicides act as elicitors and induce the plant’s defence mechanism by interacting 

with membrane receptors of plant cells, subsequently activate plant molecular responses 

(Jamiolkowska, 2020). Natural products in plant-derived fungicide also show synergistic 

effect by offering diverse modes of action (Santra & Baneriee, 2020). Several plant species 

have been investigated for their antifungal properties against plant fungal pathogens 

(Mahlo et al., 2016). One of the commercial plant-derived fungicide that was introduced to 

agriculturists is Timorex Gold®. It is a botanical fungicide based on the extract of tea tree 

plant (Melaleuca alternifolia) and effective against a broad spectrum of ascomycete and 

bacterial plant diseases like powdery mildew, early blight and Botrytis in crops 

(Anonymous, 2021).  Other natural plant-derived products that have fungicidal properties 

are canola oil obtained from seeds of rape plants (Cha et al., 2016) and extract from Allium 

sativum (Li & Cheng, 2009). These fungicidal properties of plants are likely promising 

candidates for plant-derived fungicides development. In recent years, plant- derived 

fungicide is projected to grow at a faster pace due to the increasing demand for organic 

food products. However, discovering of active compounds with broad spectrum fungicidal 

properties would be a challenge in plant-derived fungicides development. 

1.2 Problem Statement 

Crop pathogenic fungi cause devastating yield loss on a wide range of crops in both 

temperate and tropical agriculture. They occur as a natural phenomenon and play a role in 

mediating plant community structure (Ritz, 2005). Farmers have to contribute optimal 

growth conditions for the crops under existing field conditions and secure them from 



3 
 

damages by crop pathogenic fungi. Effective management of crop pathogenic fungi is 

foremost task to ensure high yield with good quality. Therefore, the introduction of 

conventional fungicides revolutionizes crop productivity and has become fundamental to 

modern agriculture (Wegulo et al., 2011). Still, repeated and unrestrained utilization of the 

same active compounds in synthetic fungicide over large spatial scales is unsustainable 

(Beever & Brien, 1983; de Miccolis Angelini et al., 2014).  

 The excessive utilization of conventional fungicide induces fungal resistance to the 

fungicide used in curbing crop pathogens (Hahn, 2014). The rising of fungicide resistance 

pathogen impairs the efforts to control crop diseases. Excessive utilization of conventional 

fungicide also resulted in negative impacts on the environment and human health (Aktar et 

al., 2009; Frantke et al., 2012). Even though agrochemicals in conventional fungicide reach 

target organism successfully, remaining harmful agrochemical residues enter into 

environment and cause contamination of soils and groundwater (Rani et al., 2017). 

Harmful agrochemical residues also cause contamination of crop products and health risks 

to those who apply agrochemical due to their carcinogenic properties (Anonymous, 2021). 

This has urged the agriculturists taking alternative approach for plant disease management. 

Use of natural products-based fungicides may be renewable, biodegradable, and less 

harmful to the environment and human (Lyon et al., 1995; Pertot et al., 2016).  The usage 

of biofungicides may not lead to the occurrence of fungicide resistance strains and safer for 

operators (Pertot et al., 2016). Research on natural fungicide from plant-derived 

compounds has been intensified, since biofungicides have potential to inspire and influence 

on modern agrochemical research. Yoon et al. (2013) has reviewed some commercially 

available plant-derived fungicides and antifungal metabolites that showed potent in vivo 

antifungal activities. 
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1.3 Objectives 

The present study aimed to assess the antifungal properties of selected medicinal 

plant against crop pathogenic fungi. This can be achieved by finding out the antifungal 

effect of different crude extracts (n-hexane, ethyl acetate and methanol) from selected 

medicinal plants (fruit tree, herbs and weeds) against crop pathogenic fungi viz Fusarium 

solani, Colletotrichum musae and Pyricularia oryzae (isolate POSA1 and POSA2). 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Plant-derived Fungicides 

2.1.1 Overview of Plant-derived Fungicides 

Excessive utilization of conventional fungicide causes hazardous effects and leads 

to an alternative which is plant-derived fungicide to curb crop diseases. Plant-derived 

fungicide is a natural product made up of beneficial phytochemicals that is used to control 

crop disease caused by plant pathogens (Grant, 2021). The beneficial phytochemicals are 

naturally found in various parts of plants; roots, stems, leaves, buds, seeds, flowers and 

fruit (Darmadi et al., 2019). The phytochemicals with antimicrobial properties such as 

alkaloids and flavonoids may induce systemic resistance in plants from fungal attack 

(Barkai-Golan, 2001; Shamsi & Choudhury, 2016). The advantages of using plant-derived 

fungicides may lead to less harmful side effects and rare cases of fungal resistance 

(Ramírez-Mares & Hernandez-Carlos, 2015). These advantages have drawn the attention 

of researchers to explore more potential antimicrobial natural products from plants to fight 

against crop pathogens. Some commercially available plant-derived fungicide and 

antifungal metabolites that showed potent in vivo antifungal activities were reviewed in the 

following sections. 

2.1.2 Commercially Available Plant-derived Fungicides 

Cinnamaldehyde was isolated from cinnamon essential oil and synthesized for crop 

protection (Ranasinghe et al., 2003). It is effective against crop diseases such as 

Verticillium fungicola (dry bubble), Sclerotinia homoeocarpa (dollar spot) and Fusarium 

moniliforme var. subglutinans (pitch canker) (Copping, 2004). Several antifungal activities 
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of Cinnamomum osmophloeum leaf essential oils (cinnamaldehyde and its derivatives) 

against wood rot fungi were reported (Wang et al., 2005; Cheng et al., 2008). Khan and 

Ahmad (2011) concluded that the mode of action of cinnammaldehyde is not well 

understood but its low toxicity is ideal for agriculture. It is expected that cinnammaldehyde 

is not soluble in water, degraded in soil rapidly and does not pose any harm to the non-

target organism. Seican® is one of the commercially available biofungicide having 

cinnamaldehyde as the main active ingredient.  

Essential oil from peppermint and sweet basil with their aroma constituents also 

exerts antifungal activities against plant pathogenic fungi, such as Sclerotinia sclerotiorum, 

Rhizopus stolonifer and Mucor sp. (Edris & Farrag, 2003). In the case of peppermint 

essential oil, menthol shows antifungal effects against all tested plant pathogenic fungi 

while menthone was completely inactive. Often, peppermint oil is mixed with other 

essential oil as the active ingredient in commercially available biofungicide. BRANDT® 

Ecotec® Plus is one of the commercially available biofungicide with combination of 

rosemary oil (10%) and peppermint oil (2%) as active ingredient. Linalool alone was found 

to be aroma constituent responsible for antifungal properties of sweet basil, while eugenol 

alone did not show any antifungal effect. Demize® E.C. is one of the commercially 

available biofungicide having linolool as main active ingredient. However, Edris and 

Farrag (2003) revealed that a combination of both aroma constituents was found to be 

enhancing the antifungal properties of sweet basil essential oil. One of the commercially 

available examples is NatriaTM which consists of soybean oil (3%) and eugenol (0.25%) as 

the active ingredient.  

Vegetable oil such as jojoba oil was found to be effective against powdery mildew 

in grapes. It is a widely used botanical fungicide in all climatic seasons due to its ability to 
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remain stable at high temperature. For instance, Detur® is one of the commercially 

available biofungicide having jojoba oil as active ingredient. Copping (2004) revealed that 

its stability in high temperatures is due to its mode of action by forming a physical barrier 

between pest and leaf surface. Jojoba oil-based fungicide is applied by ground application 

with final concentration less than 1% of jojoba oil.  

Ethanol extract from Reynoutria sachalinensis which known as Milsana® was 

applied as a preventive and to control powdery mildew on wheat by inducing plant 

resistance and direct antifungal activity. Copping (2004) revealed that phytoalexins act as 

an active ingredient in Milsana® induces resistance in the plant host. The efficacies of R. 

sachalinensis extract on other powdery mildew such as on Leveillula taurica (on tomato) 

and Uncinula necator (on grapes) also been reported by Konstantinidou-Doltsinis et al. 

(2006).  

Liu et al. (2009) reported that plant extract from Macleaya cordata (bloodroot) has 

antifungal properties against plant pathogens. Isoquinoline alkaloids such as sanguinarine, 

chelerythrine, protopin and alpha-allocryptopin were isolated from M. cordata. 

Sanquinarine was demonstrated a significant antifungal activity against Rhizoctonia solani 

at inhibitory concentration of 0.45 µg/mL. Copping (2004) revealed that the plant extract 

of M. cordata induces systemic resistance in plants by the accumulation of phenolic 

compounds in treated plants, in addition, it does not cause adverse effects to both non-

target organisms and the environment. M. cordata extract developed by Wold-Way 

Biotech Inc. is one of the commercially available products having active ingredient of 

sanguinarine and chelerythrine  

Hammer et al. (2002) reported that plant extract from M. alternifolia (tea tree) has 

antifungal potential against Aspergillus niger with a minimal fungicidal concentration of 
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8%. Tea tree oil was more significantly effective in inhibiting germinated conidia in 

comparison with non-germinated conidia, suggesting that the intact conidial wall offers 

protective barrier from tea tree oil active constituents. Tea tree oil also has shown 

antifungal properties against other filamentous fungi such as Aspergillus fumigatus (Inouye 

et al., 2000). Timorex Gold® is one of the commercially available biofungicides based on 

tea tree oil extract (Anonymous, 2021). It is effective against plant diseases such as 

powdery mildew, early blight and Botrytis in wide range of fruit and vegetable crops. 

Timorex Gold® contains more than 100 active compounds, and some of the compounds 

work synergistically while some offer diverse modes of action. The complex of active 

compounds in Timorex Gold® disrupts the fungal cell and destroys the cell walls which 

lead to suppression of hyphal growth, thus ultimately causes death of fungal cells. Usage of 

Timorex Gold® affects intrinsic plant activity by allowing an attacked plant can divert 

energy to growth and yield instead of defence process. 

Combination of L-glutamic acid and Gamma-aminobutyric acid (GABA) is found 

to be a preventative approach for powdery mildew on grapes and other plant diseases such 

brown rot caused by Monilinia sp. and  shot hole on stone fruit caused by Stigmina 

carpophila (Yoon et al., 2013). Combination of these two active ingredients was developed 

by Emerald BioAgriculture Corporation and the product is known as AuxiGro®. The 

natural product also enhances growth of plants such as almond, broccoli and onions. The 

natural products are applied by ground application which involves spraying and drenching 

in soil (Copping, 2004). Its toxicity tests do not show adverse effects to living organism 

and direct application to water is not recommended.  

Natural fungicide known as Vacciplant® based-laminarin is effective against 

powdery mildew on wheat due to its major constituents, beta-glucans. Laminarin is a 
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polysaccharide of glucose found in the Laminaria digitata (blue green algae). Liangbin et 

al. (2012) reported laminarin (150 µg/mL and 200 µg/mL) demonstrated significant 

inhibition of aflatoxin produced by A. niger in Sabouraud liquid medium. Laminarin also 

efficiently suppresses grey mold and downy mildew caused by Botrytis cinerea and 

Plasmopara viticola on grapevine plants (Copping, 2004).  

2.1.3 Antifungal Metabolites that Showing Potent In vivo Antifungal Activities 

A few studies of antifungal metabolites that showed potent in vivo antifungal 

activities against plant pathogens have been documented. The group of compounds with 

potent antifungal properties that have been reviewed are fatty acids, phenolic compounds, 

alkaloids and glycosides and summarised in Table 2.1.  
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Table 2.1: Antifungal metabolites that showing potent in vivo antifungal activities from previous studies 

 

Group of 

compounds 

Antifungal studies Reference 

Fatty acids 12,13,17-trihydroxy-9(Z)-octadecenoic acid shows inhibitory effects against Blumeria graminis 

f. sp. tritici, Puccinia recondita, Pseudocercosporella sp. and B. cinerea. 

Hou and Forman 

(2000) 

 (Z)-9-heptadecenoic acid has inhibitory effects against Phytophthora infestans and Idriella 

bolleyi. 

Avis and Belanger 

(2001) 

 Lauric acid demonstrated inhibitory effects against mycelial growth of R. solani and Pythium 

ultimum.  Application of lauric acid in agar culture significantly inhibited the mycelia growth 

of both fungi at concentrations at concentrations of 100 Mμ and above, while no fungal growth 

occurred in liquid culture at concentrations above 50 Mµ. 

Walters et al. (2003) 

 Octadeca-9,11,13-triynoic acid and trans-octadec-13-ene-9,11-diynoic acid isolated from 

Prunella vulgaris with concentration level dependent able to suppress the development of plant 

diseases, including rice blast, tomato late blight, wheat leaf rust and red pepper anthracnose  

Yoon et al. (2010) 

Phenolic 

compounds 

Cucumin, demethoxycurcumin and bisdemethoxycurcumin were purified from methanol extract 

of Curcuma longa. Demethoxycurcumin display effective antifungal properties against rice 

blast and tomato late blight, followed by curcumin and bisdermethoxycurcumin.  

Cho et al. (2006a) 

 Plumbagin (naphthoquinone) was purified from leaves of Nepenthes ventricosa x maxima. It 

showed inhibitory effects to all tested plant pathogenic fungi (Alternaria alternata, A. niger, 

Bipolaris oryzae, F. oxysporum, Phytophthora capsici, R. solani, R. stolonifer, and S. 

sclerotiorum) with MIC ranged from 4.8 to 56.6 µg/mL. 

Shin et al. (2007) 

 Three resorcinols including malabaricones A, malabaricones B and malabaricones C was 

isolated from Myristica malabarica fruit rinds. malabaricones C was highly effective against 

tomato late blight. 

Choi et al. (2008) 

 Magnolol, honoliol, 4-methoxyhonoliol and obovatol was isolated from stem bark of Magnolia 

obovata. Magnolol and honokiol showed inhibitory effects to all tested plant pathogenic fungi 

while 4-methoxyhonoliol and obovatol were effective against rice blast and leaf rust. Decursin 

and decursinol angelate isolated from Angelica gigas effective against Magnaporthe oryzae 

(rice blast). 

Yoon et al. (2011a) 
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Table 2.1: continued 

 Decursinol angelate from A. gigas was found to shown inhibitory effects against wheat leaf rust 

and red pepper anthracnose. 

Yoon et al. (2011b) 

Alkaloids Veramitaline, stenophylline B, stenophyllin B-3-O-β-D-glucopyranoside and veramiline-3-O-β-

D-glucopyranoside (verazine-type), and jervine, jervine-3-O-β-D-glucopyranoside (jerveratrum-

type) alkaloids isolated from Veratrum taliense inhibited the P. capsici with minimum in 

concentration ranged from 80 to 160 µg/mL. 

Zhou et al. (2003) 

 D-calycanthin and L-folicanthine isolated from Chimonanthus praecox seeds showed inhibitory 

effects against Exserohilum turcicum, Bipolaris maydis, Alternaria solani, S. sclerotiorum and 

F. oxysporum. 

Zhang et al. (2006) 

 Securinine demonstrated significant inhibition against plant pathogenic fungi including A. 

alternata, Alternaria brassicae, Alternaria brassicicola, Curvularia lunata, Curvularia 

malucans, Curvularia pallescens, C. musae, Helminthosporium echinoclova, and 

Helminthosporium spiciferum. 

Singh et al., 2008 

 Pipernonaline isolated from Piper longum showed inhibitory effect against P. recondita.  Yoon et al. (2013) 

Glycosides Two sulphated triterpene glycosides isolated from Hemoiedema spectabilis (Patagonian Sea 

cucumber) demonstrated antifungal activity against Cladosporium cucumerinum. 

Chludil et al. (2002) 

 Triterpenic saponins from Sapindus mukorossi was effective against two phytopathogenic fungi 

while Diploknema butyracea saponins showed inhibitory effects against three phytopathogenic 

fungi. 

Saha et al. (2010). 

 Six pregnane glycosides isolated from Cynanchum wilfordii and tested against powdery 

mildews. Three caudatin glycosides demonstrated strong antifungal properties against powdery 

mildews compared to other three kidjoranine glycosides.  

Yoon et al. (2011c) 
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2.2 Antimicrobial Research Trends of Selected Medicinal Plants  

There has been few research evaluating antimicrobial properties of the selected 

medicinal plants against crop pathogens. The selected medicinal plants in this study are 

categorised into fruit tree: Garcinia mangostana and Moringa oleifera; herbs: 

Clinacanthus nutans, Cymbopogon citratus, Elephantopus scaber, Pandanus 

amaryllifolius and Triticum aestivum; and weeds: Polygala paniculata and Tridax 

procumbens. The studies reviewed have pointed that the medicinal plants tested in this 

study has the potential of using the selected medicinal plants as sources for development of 

biofungicide.  

2.2.1 Fruit Tree 

2.2.1.1 Garcinia mangostana 

Saepudin et al. (2019) investigated the antibacterial activity of mangosteen pricarp 

extract against rice leaf blight bacteria (Xanthomonas oryzae pv. oryzae) under various 

temperatures and duration of fruit storage. The strong antibacterial activity was shown 

when the fruit was kept in temperature of 13.5ºC for seven days of storage with inhibition 

zone of 24.46 mm. Gas chromatography-mass spectrometry revealed the presence of(-)-

Alpha-Copaene and Xanthen-6-One,5,8-Dihydroxy-9-Methoxy-2,2-Dimethyl-10-(3-

Methyl-2-Butenyl)-2H,6H-Pyran [3,2-B] in pericarp extract and it may act as potent 

antibacterial agents in the study. 

Ye et al. (2020) evaluated the alpha-mangostin from pricarp of mangosteen against 

Colletotrichum gloeosporioides, Botryodiplodia theobromae and F. oxysporum. C. 

gloeosporioides was found to be highly sensitive to alpha-mangostin compared to other 

plant pathogenic fungi. Alpha-mangostin was significantly inhibited mycelia growth and 

spore germination of C. gloeosporioides. 
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Li et al. (2020) revealed that gamma-mangostin isolated from pericarp of 

mangosteen was found to be effective against bacterial wilt disease that is caused by 

Ralstonia solanacearum in tomato and tobacco seedlings (in vitro). It demonstrated 

significant antimicrobial activity against R. solanacearum with an IC50 of 34.7±1.5 µg/mL. 

Montri et al. (2020) investigated the antifungal properties of crude extract from 

mangosteen pericarp against anthracnose (C. musae) in banana. The banana treated with 

the methanolic crude extract from mangosteen pericarp demonstrated a lower disease 

percentage than non-treated fruits.  

2.2.1.2 Moringa oleifera 

Adandonon et al. (2006) evaluated the antifungal activity of Moringa plant aqueous 

extracts against damping off disease (caused by Sclerotium rolfsii, Sacc.) under field and 

greenhouse conditions. Effectiveness of the antifungal activity in the study cannot be attributed 

to M. oleifera alone because extract from other medicinal plants was mixed with M. oleifera 

aqueous extract.  

Jamil et al. (2007) investigated the antifungal properties of aqueous extract from M. 

oleifera leaf and seed against pathogenic fungal strains of Aspergillus tamarii, R. solani, 

Mucor mucedo and A. niger. The disc diffusion assay showed that leaf and seed extracts 

had high antifungal activity due to the presence of proteins and peptides. 

El-Mohamedy and Abadallah (2014) evaluated antifungal activities of M. oleifera 

oil and seed extract in in vitro against F. oxysporum, F. solani, A. solani, A. alternata, R. 

solani, S. rolfsii and Macrophomina phaseolina. The results showed that M. oleifera oil 

and seed extracts were significantly reduced linear growth, spore germination and dry 

growth weight of all tested pathogens. The reduction of growth and spore germination was 

influenced by concentration level of M. oleifera oil and seed extract. 
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Abbas et al. (2016) evaluated the antifungal activity of aqueous extracts from M. 

oleifera against red rot disease of sugar cane caused by Colletotrichum falcatum, Corda in in 

vivo study. The results revealed aqueous leaf extracts inhibited pathogen growth significantly 

by 57.43%. The efficacy of growth retardation was influenced by the concentration level of the 

aqueous extract of Moringa plant. 

Al-Husnan and Alkahtani (2016) revealed the aqueous extract from M. oleifera leaves 

inhibited all tested fungal pathogens but showed low potency towards crop pathogen, F. 

oxysporum with inhibition zone of 9.4±0.71 mm.  

Goss et al. (2017) investigated an in vitro study of M. oleifera extract against F. 

solani and R. solani. Both seed and leaf extract showed significant inhibition against both 

fungal pathogens and the efficacy of the growth inhibition was influenced by the 

concentration level of the extracts. The preliminary phytochemical analysis of solvent 

extracts from M. oleifera leaves and seed showedpresence of alkaloids, flavonoids, 

glycosides, tanin and phenolic compounds and terpenoids. 

Ahmandu et al. (2021) studied the antifungal efficacy of leaf and seed extract from 

M. oleifera against grey mould disease of tomato caused by B. cinerea. The results 

validated that methanol extract from M. oleifera leaf and seed gave better mycelial growth 

inhibition than other solvents. The tested isolates of B. cinerea had their most sensitivity to 

methanolic crude extract of both M. oleifera leaf and seed with minimum inhibitory 

concentration (MIC) of 5 mg/mL and minimum fungicidal concentration (MFC) of 10 

mg/mL. The preliminary analysis of the leaf extract revealed the presence of alkaloids, 

flavonoids, tannin, saponin, phenolic compounds, terpenoid, triterpenoids, steroids, and 

anthraquinone in methanol extract of both leaf and seed of M. oleifera. 
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Mncube and Yobo (2021) investigated the inhibition activity of M. oleifera leaf 

extracts towards Fusarium dry rot in potatoes. The potato coated with methanolic leaf 

extract showed higher efficacy of fungal growth inhibition at all tested concentrations.   

2.2.2 Herbs 

2.2.2.1 Clinacanthus nutans 

No study has reported on antifungal efficacy of C. nutans against crop pathogenic 

fungi. Limited studies on antifungal activity against other pathogenic fungi had been 

carried out to date. In the three reported antifungal activity studies, Cheeptham and Towers 

(2002) revealed that 5 mg/mL of 95% ethanol extract from C. nutans leaves did not show 

inhibitory effects on the growth of Candida albicans and A. fumigatus. Arullappan et al. 

(2014) found out fraction of ethyl acetate extract from C. nutans leaves at concentration of 

1.39 mg/mL demonstrated antifungal effects on the C. albicans and A. fumigatus. Kong 

and Abdullah Sani (2018) revealed acetone leaves extract from C. nutans have ability to 

inhibit the growth of C. albicans with MIC of 6.25mg/mL but did not exhibit antifungal 

properties towards other fungi (A. niger, R. stolonifer and Saccharomyces cerevisiae).  

2.2.2.2 Cymbopogon citratus 

In Lee et al. (2007), antifungal potential of essential oil from five plant species 

against phytopathogen fungus was evaluated. Essential oil from C. citratus was active 

against F. oxysporum and phytochemical analysis of the essential oil from C. citratus 

revealed the presence of geranial (43%), neral (30%) and limonene (10%).  

Somda et al. (2007) evaluated the potential of essential oil from C. citratus in 

controlling seed-borne fungi (in vitro) including Colletotrichum graminicola, Phoma 

sorghina and F. monilifome. Essential oil from lemongrass significantly inhibited 76.2% 

radial growth of C. graminicola compared to control (fungicide Dithane M-45). Radial 



16 
 

growth of P. sorghina and F. manilifome were slightly affected by lemongrass essential oil. 

Radial growth inhibition of the tested fungi depends on the concentration level of essential 

oil. 

Shafique et al. (2012) studied the potential of lemongrass extract and essential oil in 

controlling the ubiquitous postharvest pathogens (Alternaria species). The findings 

revealed that essential oil was most effective against Alternaria sp. compared to the 

lemongrass extract as essential oil induced complete inhibition of the tested fungi at all 

tested concentrations (1, 2, 3 and 4%).   

In Nguefack et al. (2013), essential oil and solvent extracts of C. citratus against 

brown spot (Alternaria. padwickii) and seed-borne fungal diseases (B. oryzae) in rice was 

evaluated under laboratory and filed condition. In vitro, essential oil from C. citratus 

inhibited the growth of both fungi at 452 μg/mL while the cold water extract from C. 

citratus inhibited the growth of B. oryzae (77%) and A. padwickii (36%), respectively at 

10,000 μg/mL. Under field condition, combination of essential oil and solvent extract from 

Cymbopogon species reduced both plant diseases at range of 20 to 80%.  

Okigbo and Ezebo (2017) studied the effect of leaf extract of C. citratus on the 

Dioscorea alata rot. The causative agents on water yam rot obtained were B. theobromae, 

A. niger, F. solani, Penicillium spp and R. stolonifer. Plant extracts of C. citratus had 

between slightly (4.00 to 19.92%) and moderately effective (29.65 to 46.00%) inhibition 

on the mycelia growth of all the fungi tested.  

Abu Bakar et al. (2018) evaluated the antifungal properties of selected medicinal 

plants against Fusarium spp. Similar selected medicinal plants in this study such as C. 

citratus was extracted by methanol and tested against Fusarium spp. Methanolic crude 



17 
 

extract of C. citratus at all tested concentration (500 µg/mL, 200 µg/mL and 100 µg/mL) 

did not inhibited the Fusarium spp. isolated from banana and black pepper.   

Olascuaga-Vargas and Pérez-Cordero (2018) assessing in vitro activity of essential 

oil from lemongrass against Fusarium equiseti associated with yam cultivation. Highest 

percentage of fungal growth inhibition was achieved at concentration of 4,500 ppm of 

essential oil. Terpenoids including citral, linalool, mycrene and beta-pinene shown by 

chromatographic analysis of lemongrass essential oil may be antifungal metabolites in the 

study. 

2.2.2.3 Elephantopus scaber 

Rejeki et al. (2017) evaluated antimicrobial activity of E. scaber against fungal 

pathogens (Phytophthora nicotianae and R. solani) and bacterial pathogens (R. 

solanacearum and X. oryzae). Methanolic leaf extracts of E. scaber was able to inhibit P. 

nicotianae, R. solanacearum and X. oryzae. The methanol extract from E. scaber contained 

flavonoid, tannin, and alkaloid with varied content, and may have potency as antifungal 

metabolites.  

Antifungal properties of methanolic crude extract from E. scaber against crop 

pathogenic fungi such as Colletotrichum sp., F. solani, P. oryzae, Glomerella cingulata, F. 

oxysporum and Pestalotiopsis sp. were evaluated by Hussin et al. (2016). Only 15% 

concentration of methanolic crude extract from E. scaber significantly retarded the growth 

of Colletotrichum sp., F. solani and P. oryzae. The growth rate of Colletotrichum sp. was 

the most affected by methanolic crude from E. scaber where its growth rate is 9 days 

slower compared to normal growth on control medium. 

2.2.2.4 Pandanus amaryllifolius 
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No study has reported the antifungal property of P. amaryllifolus against crop 

pathogens. However, leaf extract of P. amaryllifolius is widely known as food preservative 

due to the presence of aroma compound (2-acetyl-1-pyrroline derived from amino acid – 

phenylalanine) (Yoshihashi, 2002). In Faras et al. (2014), the leaf extract failed to inhibit 

the growth of Escherichia coli and Staphylococcus aureus in rice preparations, which may 

be due to reducing sugar in pandan leaf extract. Aini and Mardiyaningsih (2016) revealed 

that pandan leaves extract in the concentration of 15% have ability to inhibit mould growth 

but unable to give aroma flavour in food products. 

2.2.2.5 Triticum aestivum 

No study has reported the antifungal property of T. aestivum against crop 

pathogenic fungi. Wheat grass in this study can be eaten as a supplement and a superfood 

(Cronkleton, 2017). It is found to be used as a treatment for minor ailments and as a 

preventive dietary supplement (Villines, 2019). It is widely exploited for its antioxidant 

property where its extract has superoxide dismutase (SOD) content and this enzyme has 

gain public observation with its cell mutation inhibition ability (Tandon et al., 2011).   

2.2.3 Weeds 

2.2.3.1 Polygala paniculata 

Johann et al. (2011) investigated antifungal activity of five species of Polygala. 

Among the five species of Polygala, hexane extract of P. paniculata and ethyl acetate 

fraction of Polygala sabulosa showed the best inhibitory effect, with MIC values of 60 and 

30 μg/mL respectively, against Candida tropicalis. Rutin and aurapten isolated from P. 

paniculata showed best fungal inhibition activity against Cryptococcus gattii with MIC 

values of 60 and 250 μg/mL, respectively.  
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Missau et al. (2014) revealed that phebalosin and its structural modifications are 

active against the two isolates of Paracoccidioides brasiliensis with MIC 31.2 and 62.5 

µg/mL. The antifungal activity is likely due to the electronic and structural of phebalosin. 

Phebalosin from petrol ether and chloroform extract of P. paniculata possess antifungal 

properties against C. cucumerinum (Hamburger et al., 1985).   

Rajamanickam et al. (2012) revealed that leaf extract of Polygala elata inhibited 

the colony growth and sporulation of Colletotrichum capsici (anthracnose in chilli). The 

group of compounds that is likely to be responsible for antifungal properties to be alkaloids, 

flavonoids, glycosides, saponins and tannins.   

2.2.3.2 Tridax procumbens 

There is limited study on potential of T. procumbens against crop pathogens. In 

Maldhure et al. (2017), ethanol and aqueous leaf extract of T. procumbens were screened 

against Bipolaris sorokiniana and Curvularia eragrostidis. B. sorokiniana causes root rot, 

leaf spot disease, seedling blight, head blight and black point of wheat and barley while C. 

eragrostidis causes infection on grass weed.  Agar well diffusion assay resulted aqueous 

extract of T. procumbens was more effective against both tested fungi. The phytochemical 

analysis reported the presence of carbohydrates, proteins, tannins, steroids, alkaloids, 

flavonoids and purines in T. procumbens leaf extract. 

Sandeep and Srivastava (2010) evaluated antifungal effect of T. procumbens 

against Helminthosporium oryzae, R. solani and P. oryzae. The radial growth of all tested 

fungal pathogens was significantly inhibited by leaf extract at 0.1% concentration. The leaf 

extract has shown higher zone of inhibition in H. oryzae in comparison with R. solani and 

P. oryzae.  
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Ijato et al. (2011) investigated the antifungal effect of aqueous and ethanolic leaf 

extracts of T. procumbens on rot causing fungi isolated from the infected tomato fruit parts 

viz: A. niger, R. stolonifer, F. oxysporium, Geotrichum candidum. The study revealed both 

aqueous and ethanolic extract from T. procumbens inhibited the mycelia growth of isolated 

pathogens significantly. Mycelia growth retardation depends on concentration level of the 

plant extract.  

 

2.3 Previous Antifungal Studies against the Selected Crop Pathogenic Fungi  

 

The antimicrobial properties of medicinal plants has generated interest among 

researchers and prompted a lot of research undertakings. However, majority of the studies 

focused on human pathogens. Previous studies which have been reviewed (Section 2.2) 

had shown only some selected medicinal plants were widely exploited for its antifungal 

properties against crop pathogens. The crop pathogenic fungi that are used in this study 

were Fusarium solani, Colletotrichum musae and Pyricularia oryzae. There are only a few 

antifungal studies of selected medicinal plants against tested crop pathogenic (Section 2.2) 

and summarised in Table 2.2.  

Fusarium solani is a phytopathogenic fungus that causes several crop diseases 

known as Fusarium root and dry rot of crops (Mohamed Zubi et al., 2021). The diseases 

manifest as wilting, stunting and chlorosis or lesions on stems or leaves (Coleman, 2016). 

For example, root rot in beans is narrow, red to brown lesions that may extend down then 

main taproot (Román-Avilés et al., 2003). Fusarium dry rot commonly found in tuber of 

potato where light to dark brown rot of the fruit was seen (Loria, 2021).  

Colletotrichum musae is a plant pathogenic fungus that primarily affects banana 

(genus Musa) (Zakaria et al., 2009). The key characteristics of C. musae have relied on 
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acervular conidiomata, setae, elongated conidia and presence of appressoria (Cano et al., 

2004). C. musae is associated with anthracnose that causes dark, sunken and necrotic 

leaves, flowers and fruits (Wijekoon et al., 2008). Anthracnose gives postharvest fruit 

infections where symptoms usually appear as the fruit ripens above 18˚C (Thompson, 

2011).  

Pyricularia oryzae can be named as Magnaporthe grisea where it also known as 

rice blast fungus (Silva et al., 2009). Rice blast fungus infects the rice plant as a spore that 

produces lesions on the leaf, leaf collar, panicle, culm and culm nodes (Talbot & Wilson, 

2009). An infectious structure named appressoria where it can penetrate the plant tissue 

and indirectly causes pathogen sporulates in diseased plant tissue (Agrios, 2005). Isolate 

POSA1 and POSA2 were used in this study and the surface description was described by 

Hussin et al. (2020).  
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Table 2.2: Antifungal properties of selected medicinal plants against tested crop pathogenic fungi from previous studies 

 

Crop pathogenic 

fungi 

Medicinal plant Solvent Phytochemicals Antifungal effect Reference 

F. solani M. oleifera (oil 

and seed) 

Water Phytochemical 

screening was not 

performed.- 

Oil and seed extract significantly 

reduced linear growth, spore 

germination and dry growth weight of 

F. solani (in vivo). 

El-Mohamedy and 

Abadallah (2014) 

 M. oleifera (leaf 

and seed) 

Water Alkaloid, 

flavonoid, 

glycoside, tanin 

and terpenoid. 

Aqueous extract inhibited the F. solani 

significantly and growth inhibition 

depends on concentration level of 

extract (in vitro). 

Goss et al. (2017) 

 C. citratus (leaf) Water and 

ethanol  

Alkaloid, 

flavonoid, 

saponin and 

tannin. 

Leaf extract effectively inhibited the 

mycelia growth depends on 

concentration level of extract (in vitro), 

antifungal action of ethanol extract was 

more effective against mycelia growth 

compared to water extract. 

Okigbo and Ezebo 

(2017) 

 E. scaber (leaf) Methanol Phytochemical 

screening was not 

performed.- 

15% concentration of methanolic crude 

extract significantly retarded the growth 

of F. solani (in vitro).  

Hussin et al. 

(2016) 

C. musae G. mangostana 

(pericarp) 

Methanol Phytochemical 

screening was not 

performed.- 

Methanol extract demonstrated a lower 

disease percentage than non-treated 

fruits (in vitro). 

Montri et al. 

(2020) 

P. oryzae E. scaber (leaf) Methanol Phytochemical 

screening was not 

performed.- 

15% concentration of methanolic crude 

extract significantly retarded the growth 

of P. oryzae (in vitro). 

Hussin et al. 

(2016) 

 T. procumbens 

(leaf) 

Chloroform Flavonoids.- Leaf extract at 0.1% concentration 

significantly inhibited the radial growth 

of P. oryzae (in vitro). 

Sandeep and 

Srivastava (2010) 
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2.4 Phytochemicals that Present in Different Solvent Used 

Extraction is the main procedure to obtain bioactive compounds from plant material. 

The main purpose of extraction is to maximize the content of target compounds and obtain 

high efficacy of the extracts to various biological activity (Chang et al., 2002). Many 

solvents including n-hexane, ethyl acetate and methanol has been used in this study. The 

extraction solvent affected the extraction yield obtained from plant material (Section 4.1). 

Different phytochemcial constituents with antifungal properties are likely to be present in 

different solvent used in the study (Table 2.3).  
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Table 2.3: Phytochemicals of the selected medicinal plants from previous studies 

 

Medicinal plants Leaf crude 

extract 

Compounds that might present in the leaf crude extract Reference 

G. mangostana Hexane Flavonoids and xanthone Alsultan et al. (2016) 

 Ethyl acetate Flavonoids and xanthone Lalitha et al. (2017) 

 Methanol Caryophyllene, docosane, cycloartenol and 4,4-methylenebis Alsultan et al. (2016) 

  Alkaloids, flavonoids, saponins, tannins, phenol, anthraquinone and 

cardiac glycosides 

Alsultan et al. (2017) 

M. oleifera Hexane Tannins, alkaloids and phlobatannins Ojiako (2014) 

  Saponins, phenols, glycosides, terpenoids and alkaloids Marcus and Nwineewii 

(2015) 

  Saponins Pathak et al. (2020) 

 Ethyl acetate Tannins, alkaloids, saponins and phenols Ojiako (2014) 

 Methanol Alkaloids, flavonoids, glycosides, triterpenoids and steroids Zaffer et al. (2015) 

  Polyphenols Nobossé et al. (2020) 

  Polyphenols Pathak et al. (2020) 

  Phenolic compounds, alkaloids and saponins Ahmandu et al. (2021) 

  Glycosides, flavonoids, alkaloids, tannins, saponins, phenols and 

hydrolysable tannins 

Ayirezang et al. (2020) 

C. nutans Hexane Lignin, waxes, lipids, aglycon, sterols and terpenoids Cowan (1999) 

 Ethyl acetate Phenolic compounds and fatty acids Sulaiman et al. (2015) 

 Methanol Saponins, phenolics, flavonoids, diterpenes and phytosterols Yang et al. (2013) 

  Flavonoids, triterpenoids, steroids, phytosterols glycosides and 

saponins 

Khoo et al. (2018) 

C. citratus Hexane Flavonoids Suri et al. (2021) 

 Ethyl acetate Flavonoids Suri et al. (2021) 

 Methanol Alkaloids, carbohydrates, saponins, reducing sugars, steroids, tannins, 

glycosides, proteins, flavonoids, resins, oils and terpenoids 

Amarachi et al. (2012) 

  Saponins, tannins and flavonoids Unuigbe et al. (2019) 
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Table 2.3: continued 

E. scaber Hexane Stigmasterol, lupeol Ahmad et al. (2009) 

 Ethyl acetate Sequiterpene lactones, terpenoids, deoxyelephantopin, 

isodeoxyelephantopin and scab-ertopin 

Daisy et al. (2011) 

 Methanol Alkaloids, flavonoids, tannins, quinones, carbohydrates and oils Gangarao et al. (2012) 

P. amaryllifolius Hexane! - - 

 Ethyl acetate! - - 

 Methanol! - - 

T. aestivum Hexane Rutin, chlorogenic acid, tocopherol, chlorogenic acid and gallic acid Rajoria et al. (2015) 

  Chlorophyll-a, chlorophyll-b and carotene Rajoria et al. (2016) 

 Ethyl acetate Flavonoids, alkaloids, tannins, phenols, saponins and  steroids Johri and Khan (2017) 

 Methanol Flavonoids Zendehbad et al., 2014; 

Ove et al. 2021 

P. paniculata Hexane Rutin and aurapten Johann et al. (2011) 

  Phebalosin Missau et al. (2014) 

 Ethyl acetate! - - 

 Methanol Flavonoids Murwanto and Santosa 

(2012) 

T. procumbens Hexane! - - 

 Ethyl acetate Flavonoids and sterols Abubakar et al. (2016) 

  Alkaloids, anthraquinonine glycosides, flavonoids, phenolic acids, 

saponins, tannins, steroids and carbohydrates 

Bhagyasri et al. (2017) 

 Methanol Flavonoids, carbohydrates,steroids, saponins, tannins and alkaloids Abubakar et al. (2016) 

  Flavonoids, alkaloids, carbohydrates, polyphenols and tannins Syed et al. (2020) 

! The phytochemical screening of the solvents was not reported.  
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CHAPTER 3 

MATERIALS AND METHODS 

 

3.1 Collection of Plant Samples 

The plant materials used in this study consisted of fruit tree: Garcinia mangostana, 

Moringa oleifera; herbs: Clinacanthus nutans, Cymbopogon citratus, Elephantopus scaber, 

Pandanus amaryllifolius, Triticum aestivum; and weeds: Polygala paniculata, Tridax 

procumbens. The plant materials were identified and categorised based on certain 

resources (Duke et al., 2002; Kiew, 2009; Milow et al., 2014; Alam et al., 2016; Ismail et 

al., 2018; Jayasundera et al., 2021). Only leaves of these plants were collected from 

different locations (Table 3.1).  

 

 

Table 3.1: The nine medicinal plant species used for extraction in this study 

 

Type of 

plant 

Plant species/family Common 

name 

Source of plant 

materials 

GPS coordinates 

Fruit 

tree 

Garcinia mangostana 

Linn. (Clusiaceae) 

Pokok 

manggis 

Kota 

Samarahan, 

Sarawak 

N1 º 28’0.662” 

E110 º 25’59.5” 

 Moringa oleifera Lam 

(Moringaceae) 

Pokok 

kelor 

Miri, Sarawak N4 º 27’12.225” 

E114 º 0’42.339” 

Herb Clinacanthus nutans 

(Burm.f.) Lindau 

(Acanthaceae) 

Belailai 

garjah 

Miri, Sarawak N4 º ˚27’12.225” 

E114 º 0’42.339” 

 Cymbopogon citratus 

(DC.) Stapf (Poaceae) 

Serai Kota 

Samarahan, 

Sarawak 

N1 º 27’53.892” 

E110 º 25’4.13” 

 Elephantopus scaber 

Linn. (Asteraceae) 

Tutup 

bumi 

Miri, Sarawak N4 º 27’12.225” 

E114 º 0’42.339” 

 Pandanus 

amaryllifolius Roxb. 

(Pandanaceae) 

Pandan Miri, Sarawak N4 º 27’12.225” 

E114 º 0’42.339” 

 Triticum aestivum 

Linn. (Poaceae) 

Rumput 

gandum 

Miri, Sarawak N4 º 27’12.225” 

E114 º 0’42.339” 
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Table 3.1: continued 

Weed Polygala paniculata 

Linn. (Polygalaceae) 

Kayu putih Kota 

Samarahan, 

Sarawak 

N1 º 28’17.038” 

E110 º 25’43.883” 

 Tridax procumbens 

Linn. (Asteraceae) 

Kanching 

baju 

Kota 

Samarahan, 

Sarawak 

N1 º 28’4.65” 

E110 º 25’37.964” 

 

3.2 Preparation of Plant Sample 

Mature and disease-free leaves from nine medicinal plants were collected and 

rinsed under tap water to discard the dirt and contamination. The leaf samples were then 

patted-dry and air-dried. The air-dried leaf samples were ground into fine powders and 

used for phytochemical extraction (Section 3.5). 

3.3 Preparation of Crop Pathogenic Fungi 

 Pathogenic fungi used in this study consisted of Fusarium solani, Colletotrichum 

musae and Pyricularia oryzae (Figure 3.1). F. solani was identified and provided by the 

Agriculture Research Centre, Semonggok (Department of Agriculture, Sarawak). C. musae 

was identified and provided by Kong and Vu, 2019 from Universiti Malaysia Sarawak. P. 

oryzae isolate POSA1 and POSA2 were identified and provided by Hussin et al. (2020) 

from Universiti Malaysia Sarawak. F. solani and C. musae were cultured on Potato 

Dextrose Agar (PDA; HiMedia) whereas P. oryzae isolates were cultured on oatmeal agar 

(OMA; Hussin et al., 2020). The cultures were incubated at room temperature.  The same 

media were used for the respective pathogen in antifungal assay (Section 3.5) 
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Figure 3.1: Crop pathogenic fungi; (a) Fusarium solani, (b) Colletotrichum musae, (c) 

Pyricularia oryzae isolate POSA1 , and (d) P. oryzae isolate POSA2  

 

 

 

3.4 Phytochemical Extraction 

A sequential extraction was conducted in this study (Figure 3.2). A total of 150 

grams of air-dried ground samples was dissolved in absolute n-hexane for 72 hours in a 

conical flask sealed with aluminium foil at room temperature. The solvent-containing 

extract was then filtered by using Whatman No.1 filter paper. The sample residue was then 

used to continue the extraction with absolute ethyl acetate and absolute methanol orderly. 

The filtrated extract was evaporated under reduced pressure by using a rotary evaporator 

with a water bath at 50ºC to obtain crude extract. The concentrated crude extracts were 

weighed. The percentage of extraction yield was calculated by using Equation 3.1. 
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Figure 3.2: General procedure of sequential extraction 

 

 

 

Extraction yield (%) = 
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 𝑎𝑓𝑡𝑒𝑟 𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛𝑔 𝑠𝑜𝑙𝑣𝑒𝑛𝑡

𝐷𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒
𝑋100 Equation 3.1 

 

 

 

3.5 Antifungal Assay 

The antifungal assay was performed according to Abu Bakar et al. (2018). The 

obtained concentrated crude extracts from different solvents were dissolved with Dimethyl 

sulfoxide (DMSO) and filtered sterilised by using Whatman® micro filter (0.2 µm). Media 

was prepared by mixing equal volume of crude extracts (from different stock 

concentrations)  into PDA (HiMedia) to have three different concentrations  (100 µg/mL, 

50 µg/mL, 25 µg/mL) together with a control prepared by mixing DMSO (same volume as 

crude extracts) and kept at 1%. The assay was performed with eight replications and 

repeated twice for each crop pathogenic fungi. 
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Using five to six days old culture of the different crop pathogenic fungi, mycelium 

plug (6 mm Ø) was harvested from the edge of a colony and cultured onto the centre of 

agar plates (ca. 20 mL of medium) of different treatments (Figure 3.3). All agar plates were 

incubated at room temperature. The colony growth was measured daily along the four axis 

(axis A, axis B, axis C and axis D) drew on the back of each plate (Figure 3.3), until a 

colony from any of the treatments has reached full plate (Equation 3.2). Average growth 

rate was then calculated (Equation 3.3). Analysis of variance (p<0.05) followed by Tukey 

post hoc test (p<0.05) was used to compare the difference in growth rate of fungal colony 

treated by different concentrations of crude extract obtained from different solvents (SPSS 

ver. 20). 

 

 

Colony fungal growth (D) = 
(𝐴𝑥𝑖𝑠𝐴+𝐵+𝐶+𝐷)

4
 Equation 3.2 

Growth rate  = 
[(D2−D1) + (DE−D2) + (D4−D3) + … ] 

𝑁−1
  

 

Where N is number of days of growth of pathogen. 

 

 

Equation 3.3 
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Figure 3.3: Overview of an agar plate that showing the four axes which were used to 

measure the colony growth 

 

 

 

 

 

 

 

 

 



32 
 

CHAPTER 4 

 RESULTS AND DISCUSSION  

 

4.1 Extraction Yield of the Different Species of Fruit Tree, Herbs and Weeds 

Figure 4.1 shows the yield percentage of the 27 crude extracts from nine medicinal 

plants (fruit tree, herbs, and weeds) that were used for antifungal assay against Fusarium 

solani, Colletotrichum musae and Pyricularia oryzae. Generally, methanol had the higher 

extraction yield as compared to other solvents for all selected medicinal plant species 

except for Moringa oleifera. The yield of the methanol extraction ranged approximately 

from 3 to 15%. For hexane and ethyl acetate, the extraction yield ranged approximately 

from 0.5 to 4.7% and 0.8 to 9.0%, respectively.  

 

 

 
 

Figure 4.1: Yield of crude extracts of different species of fruit tree, herbs and weeds 
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4.2 General Fungistatic Effect of the Crude Extracts from Selected Medicinal 

Plants  

Table 4.1 shows that there were 17 to 21 crude extracts (out of 27) having the effect 

of slowing down the growth of F. solani, C. musae and P. oryzae. Against F. solani, there 

were 18 effective crude extracts, six crude extracts from each solvent. For C. musae, four 

hexane crude extracts, six ethyl acetate crude extracts and seven methanolic crude extracts 

were affecting the growth of C. musae. For the two isolates of P. oryzae, there were 21 

crude extracts having significant effect on the growth of isolate POSA1, but 17 for isolate 

POSA2.  

Out of 27 crude extracts, eight crude extracts were found to be significantly 

affecting the growth of all tested crop pathogenic fungi. There were 16 crude extracts 

significantly retarding the growth of at least one crop pathogenic fungus, while three crude 

extracts had no effect on neither of the tested crop pathogenic fungi. Overall, these findings 

suggest that the antifungal effects of the different crude extracts may have specificity to 

certain crop pathogenic fungi. The crude extracts were slowing down the growth of the 

tested crop pathogenic fungi (fungistatic) but the exact mode of action needs further 

observation.  

Table 4.2 shows that there were 24 crude extracts (out of 27) having the significant 

retardation effect to at least one tested pathogenic fungi isolates. There were four crude 

extracts which are ethyl acetate crude extract (25 µg/mL) of C. nutans, hexane crude 

extract (50 µg/mL) of P. paniculata, hexane crude extract (50 µg/mL) of T. procumbens 

and ethyl acetate crude extract (50 µg/mL) of T. procumbens were found to slow down the 

growth rate of all tested pathogenic fungi isolates. These findings suggested that the 



34 
 

reported crude extracts may be effective to all tested pathogenic fungi isolates and prompt 

to us to find the potent antifungal agents that effective to broad species of fungus.  

 

 

Table 4.1: The effect of crude extract of plants against pathogenic fungi isolates 

 

Plant Species Crude extract Crop pathogenic fungi * 

F. solani C. 

musae 

P. oryzae 

(Isolate 

POSA1) 

P. oryzae 

(Isolate 

POSA2) 

G. mangostana Hexane  √ √ √ 

 Ethyl acetate  √ √ √ 

 Methanol  √ √ √ 

M. oleifera Hexane     

 Ethyl acetate   √  

 Methanol √ √   

C. nutans Hexane √  √ √ 

 Ethyl acetate √ √ √ √ 

 Methanol √ √ √ √ 

C. citratus Hexane √ √ √ √ 

 Ethyl acetate √  √ √ 

 Methanol √ √ √ √ 

E. scaber Hexane √  √  

 Ethyl acetate √ √ √ √ 

 Methanol √   √ 

P. amaryllifolius Hexane √ √ √  

 Ethyl acetate √ √ √  

 Methanol     

T. aestivum Hexane     

 Ethyl acetate   √  

 Methanol  √ √ √ 

P. paniculata Hexane √ √ √ √ 

 Ehtyl acetate √ √ √ √ 

 Methanol √ √ √  

T. procumbens Hexane √  √ √ 

 Ethyl acetate √ √  √ 

 Methanol √ √ √ √ 

Total crude 

extracts from each 

solvent having 

significant growth 

inhibition effect 

Hexane 6 4 7 5 

Ethyl acetate 6 6 8 6 

Methanol 6 7 6 6 
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Table 4.1: continued 

Total crude extracts having 

significant growth inhibition effect  

18 17 21 17 

* “√” means the tested crop pathogenic fungi was significantly retarded by at least one 

concentration of crude extract from selected medicinal plant species (p<0.05). 

 

 

Table 4.2: The number of crop pathogenic fungi that are affected by crude extract of 

selected medicinal plants 

 

Plant species Extract Effective 

concentration 

(µg/mL) 

Number of crop 

pathogenic fungi that 

have significant 

growth retardation 

(p<0.05) 

G. mangostana Hexane 50 1 

  25 2 

 Ethyl acetate 50 1 

  25 2 

 Mathanol 50 1 

  25 2 

M. oleifera Hexane - - 

 Ethyl acetate 50 1 

 Methanol 100 1 

  25 1 

C. nutans Hexane 25 3 

 Ethyl acetate 100 1 

  50 1 

  25 2 

 Methanol 100 1 

  50 2 

  25 1 

C. citratus Hexane 100 1 

  50 1 

  25 2 

 Ethyl acetate 25 3 

 Methanol 100 1 

  50 1 

  25 2 

E. scaber Hexane 100 1 

  50 1 

 Ethyl acetate 100 1 

  50 2 

  25 1 

 Methanol 25 2 
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Table 4.2: continued 

P. amaryllifolius Hexane 100 1 

  50 1 

  25 1 

 Ethyl acetate 100 2 

  50 1 

 Methanol - - 

T. aestivum Hexane - - 

 Ethyl acetate 50 1 

 Methanol 100 2 

  50 1 

P. paniculata Hexane 100 1 

  50 3 

 Ethyl acetate 100 1 

  50 2 

  25 1 

 Methanol 100 1 

  50 2 

T. procumbens Hexane 50 3 

 Ethyl acetate 50 3 

 Methanol 100 2 

  50 2 

 

 

 

4.3 Antifungal Assay 

4.3.1 Effect of Crude Extracts from Fruit Tree on the Growth of Different Crop 

Pathogens 

4.3.1.1 Fusarium solani 

Table 4.3 shows the growth rate of the F. solani treated with different crude extract 

of G. mangostana and M. oleifera. Between the crude extracts obtained from G. 

mangostana and M. oleifera, only the methanolic crude extract of M. oleifera showed 

significant effect in retarding the growth of F. solani. The retardation of growth can 

already be observed at treatment with the lowest concentration (25 µg/mL) of methanolic 

leaf extract (Figure A10). The retardation of the growth had caused a delay of 0.4 day to 

reach full plate (8.0 cm Ø) as compared to control (Table 4.4).  
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Table 4.3: The average growth rate (cm/day) of F. solani on different concentrations of 

crude extracts from fruit trees  

 

Fruit tree Extract Growth rate (cm/day)* 

Control 100  µg/mL 50 µg/mL 25 µg/mL 

G. 

mangostana 

Hexane 0.379±0.018a 0.368±0.022a 0.369±0.028a 0.375±0.022a 

 Ethyl 

acetate 

0.358±0.010a 0.352±0.011a 0.353±0.012a 0.356±0.011a 

 Methanol 0.420±0.063a 0.400±0.069a 0.411±0.067a 0.415±0.069a 

M. oleifera Hexane 0.412±0.041a 0.406±0.045a 0.406±0.043a 0.407±0.038a 

 Ethyl 

acetate 

0.409±0.039a 0.405±0.039a 0.405±0.042a 0.407±0.040a 

 Methanol 0.406±0.037a 0.367±0.002b 0.370±0.004b 0.374±0.005b 

*Different letters indicate a significant difference in fungal growth rate on media infused 

with different concentrations of crude extract (p<0.05). 

 

 

Table 4.4: The significant colony fungal growth of F. solani on the plates containing 

crude extracts from fruit trees that have antifungal properties 

 

Fruit tree Extract Effective 

concentrations 

Additional days for 

F. solani to reach 

full plate* 

G. mangostana Hexane - - 

 Ethyl acetate - - 

 Methanol - - 

M. oleifera Hexane - - 

 Ethyl acetate - - 

 Methanol All concentrations Less than 1 day 

* The number of additional days needed to reach full plate in comparison to control plate. 

 

 

 

4.3.1.2 Colletotrichum musae 

Table 4.5 shows the growth the rate of C. musae treated with different crude 

extracts of G. mangostana and M. oleifera. All three crude extracts from G. mangostana 

had significantly retarded the growth of C. musae at different concentrations. The growth 

retardation can already be observed at the lowest concentration (25 µg/mL) for all three 

crude extracts (Figure A1, A2 and A3). An increase in the extract concentration treatment 
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had increased the retardation effect. The three crude extracts of G. mangostana delayed the 

growth of C. musae by 1.6 to 3 days to reach full plate (8.0 cm Ø) as compared to control 

depending on the concentration (Table 4.6).  

For the crude extracts from M. oleifera, only the methanolic crude extract at the 

highest tested concentration (100 µg/mL) showed a significant effect on retarding the 

growth of C. musae (Figure A11). Methanolic crude extract from M. oleifera managed to 

delay the growth of C. musae of approximately 0.08 day to reach full plate (8.0 cm Ø) as 

compared to the control (Table 4.6). 

 

 

Table 4.5: The average growth rate (cm/day) of C. musae on different concentrations 

of crude extracts from fruit trees  

 

Fruit tree Extract Growth rate (cm/day)* 

Control 100 µg/mL 50 µg/mL 25 µg/mL 

G. 

mangostana 

Hexane 0.577±0.025a 0.433±0.013c 0.449±0.027c 0.488±0.025b 

 Ethyl 

acetate 

 

aaceacetat

eacetate 

0.596±0.028a 0.400±0.006d 0.523±0.012c 0.574±0.016b 

 Methanol 0.646±0.027a 0.503±0.016d 0.551±0.014c 0.608±0.013b 

M. oleifera Hexane 0.554±0.038a 0.507±0.079a 0.521±0.069a 0.554±0.036a 

 Ethyl 

acetate 

0.540±0.062a 0.474±0.116a 0.491±0.098a 0.490±0.103a 

 Methanol 0.576±0.042a 0.514±0.086b 0.566±0.020a 0.562±0.030a 

*Different letters indicate a significant difference in fungal growth rate on media infused 

with different concentrations of crude extract (p<0.05). 

 

 

Table 4.6: The significant colony fungal growth of C. musae on the plates containing 

crude extracts from fruit trees that have antifungal properties 

 

Fruit tree Extract Effective 

concentrations 

Additional days for 

C. musae to reach 

full plate* 

G. mangostana Hexane 100 µg/Ml 2 days 

  50 µg/mL and 25 

µg/mL 

Less than 2 days 

 Ethyl acetate 100 µg/mL 3 days 

  50 µg/mL and 25 

µg/mL 

Less than 1 day 
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Table 4.6: continued 

 Methanol 100 µg/mL More than 1 day 

  50 µg/mL 1 day 

  25 µg/mL Less than 1 day 

M. oleifera Hexane - - 

 Ethyl acetate - - 

 Methanol 100 µg/mL Less than 1 day 

* The number of additional days needed to reach full plate in comparison to control plate. 

 

 

 

4.3.1.3 Pyricularia oryzae 

Table 4.7 shows the growth rate of the P. oryzae treated with different crude 

extracts of G. mangostana and M. oleifera. The crude extracts of G. mangostana were 

effective differently to the different isolates of P. oryzae. All three crude extracts of G. 

mangostana showed significant effects in retarding the growth of isolate POSA1 and 

POSA2. The growth retardation of isolate POSA1 can already be observed at the 

concentration of 25 µg/mL (Figure A4, A5 and A6) while the growth retardation of isolate 

POSA2 can be observed at concentration of 50 µg/mL (Figure A7, A8 and A9) for all three 

crude extracts. 

For crude extracts from M. oleifera, only the ethyl acetate crude extract had effect 

on the growth of P. oryzae and only effective on isolate POSA1. The growth retardation of 

isolate POSA1 can be observed concentration 50 µg/mL and 100 µg/mL as compared to 

control (Figure A12). Ethyl acetate crude extract from M. oleifera managed to delay the 

growth of isolate POSA1 of 1.6 to 2.5 days to reach full plate (8.0 cm Ø) as compared to 

the control (Table 4.8)  
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Table 4.7: The average growth rate (cm/day) of P. oryzae on different concentrations of crude extracts from fruit trees  

 

Fruit tree Isolate Extract Growth rate (cm/day)* 

Control 100 µg/mL 50 µg/mL 25 µg/mL 

G. mangostana POSA1 Hexane 0.269±0.031a 0.214±0.024b 0.218±0.024b 0.227±0.010b 

  Ethyl acetate 0.251±0.032a 0.193±0.018c 0.204±0.020bc 0.218±0.017b 

Methanol 0.253±0.042a 0.211±0.013b 0.215±0.016b 0.215±0.021b 

 POSA2 Hexane 0.270±0.025a 0.238±0.022c 0.247±0.021bc 0.258±0.014ab 

Ethyl acetate 0.253±0.014a 0.204±0.025b 0.205±0.018b 0.233±0.018a 

Methanol 0.255±0.011a 0.230±0.021c 0.238±0.011bc 0.246±0.015ab 

M. oleifera POSA1 Hexane 0.217±0.012a 0.197±0.032a 0.197±0.029a 0.208±0.017a 

Ethyl acetate 0.221±0.015a 0.194±0.031c 0.200±0.024bc 0.217±0.010ab 

Methanol 0.217±0.017a 0.194±0.033a 0.196±0.036a 0.202±0.032a 

POSA2 Hexane 0.235±0.023a 0.217±0.044a 0.218±0.043a 0.220±0.034a 

Ethyl acetate 0.238±0.022a 0.221±0.040a 0.221±0.031a 0.223±0.036a 

Methanol 0.239±0.021a 0.222±0.031a 0.224±0.031a 0.231±0.024a 

*Different letters indicate a significant difference in fungal growth rate on media infused with different concentrations of crude extract 

(p<0.05).
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Table 4.8: The significant colony fungal growth of P. oryzae on the plates containing 

crude extracts from fruit trees that have antifungal properties 

 

Fruit tree Isolate Extract Effective 

concentrations 

Additional days for 

P. oryzae to reach 

full plate* 

G. mangostana POSA1 Hexane 100 µg/mL and 50 

µg/mL 

More than 3 days 

   25 µg/mL Less than 3 days 

  Ethyl acetate 100 µg/mL More than 3 days 

   50 µg/mL More than 2 days 

   25 µg/mL Less than 2 days 

  Methanol 100 µg/mL More than 2 days 

   50 µg/mL  2 days 

   25 µg/mL Less than 2 days 

 POSA2 Hexane 100 µg/mL and 50 

µg/mL 

More than 1 day 

   Ethyl acetate 100 µg/mL and 50 

µg/mL 

More than 2 days 

  Methanol 100 µg/mL More than 1 day 

   50 µg/mL Less than 1 day 

M. oleifera POSA1 Hexane - - 

  Ethyl acetate 100 µg/mL More than 2 days 

   50 µg/mL Less than 2 days 

  Methanol - - 

 POSA2 Hexane - - 

  Ethyl acetate - - 

  Methanol - - 

* The number of additional days needed to reach full plate in comparison to control plate. 

 

 

 

4.3.2 Effect of Crude Extracts from Selected Herbs Species on the Growth of 

Different Crop Pathogens 

 

4.3.2.1 Fusarium solani 

Table 4.9 shows the growth rate of the F. solani treated with different crude 

extracts of C. nutans, C. citartus, E. scaber, P. amaryllifolius and T. aestivum. From these 

five species, only extracts from T. aestivum had no effect on the growth of F. solani. 

All the three crude extracts of C. nutans (Figure A13, A14 and A15) and C. citratus 

(Figure A24, A25 and A26) managed to retard the growth of F. solani at different 
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concentrations. The growth retardation can already be observed at 25 µg/mL for all three 

extracts except for hexane crude extract of C. citratus which can be observed at 50 µg/mL 

onward. The three crude extracts of C. nutans and C. citratus had delayed the growth of F. 

solani by 0.04 to 1.84 days and 0.13 to 0.96 days respectively to reach full plate (8.0 cm Ø) 

as compared to control depending on the concentrations (Table 4.10). 

For crude extracts from E. scaber, all three crude extracts significantly retarded the 

growth of F. solani at different concentrations. The growth retardation can be observed at 

50 µg/mL for hexane (Figure A35) and ethyl acetate crude extract (Figure A36). For 

methanol crude extract, the growth retardation can be already observed at 25 µg/mL 

(Figure A37). The crude extract of E. scaber delayed the growth of F. solani by 0.11 to 

1.42 days to reach full plate (8.0 cm Ø) as compared to the control (Table 4.10).  

For crude extracts from P. amaryllifolius, only hexane (Figure A43) and ethyl 

acetate crude extracts (Figure A44) were significantly retarded the growth of F. solani at 

100 µg/mL  

 

 

 

Table 4.9: The average growth rate (cm/day) of F. solani on different concentrations of 

crude extracts from herb species 

 

Herb Extract Growth rate (cm/day)* 

Control 100 µg/mL 50 µg/mL 25 µg/mL 

C. nutans Hexane 0.399±0.012a 0.315±0.010c 0.326±0.016c 0.352±0.015b 

 Ethyl 

acetate 

0.357±0.012a 0.312±0.006c 0.335±0.019b 0.337±0.029b 

 Methanol 0.357±0.011a 0.306±0.010c 0.308±0.004c 0.338±0.017b 

C. citratus Hexane 0.375±0.013a 0.341±0.017c 0.354±0.009b 0.367±0.007a 

 Ethyl 

acetate 

0.366±0.003a 0.358±0.004b 0.359±0.003b 0.361±0.008b 

 Methanol 0.364±0.006a 0.332±0.020b 0.361±0.010a 0.362±0.011a 

E. scaber Hexane 0.387±0.006a 0.326±0.010c 0.346±0.005b N/A 

 Ethyl 

acetate 

0.386±0.003a 0.373±0.009b 0.374±0.010b 0.386±0.005a 

 Methanol 0.381±0.004a 0.371±0.004c 0.373±0.004bc 0.376±0.003b 
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Table 4.9: continued 

P. 

amaryllifolius 

Hexane 0.388±0.016a 0.373±0.004b 0.380±0.004ab 0.383±0.006a 

 Ethyl 

acetate 

0.378±0.008a 0.361±0.005b 0.372±0.007a 0.376±0.004a 

 Methanol 0.367±0.018a 0.362±0.005a 0.363±0.006a 0.366±0.005a 

T. aestivum Hexane 0.429±0.075a 0.390±0.040a 0.411±0.093a 0.426±0.078a 

 Ethyl 

acetate 

0.416±0.108a 0.399±0.091a 0.404±0.099a 0.404±0.079a 

 Methanol 0.407±0.072a 0.402±0.100a 0.404±0.100a 0.407±0.102a 

*Different letters indicate a significant difference in fungal growth rate on media infused 

with different concentrations of crude extract (p<0.05); N/A indicate not available. 

 

 

Table 4.10: The significant colony fungal growth of F. solani on the plates containing 

crude extracts from herb species that have antifungal properties 

 

Herb Extract Effective concentrations Additional days 

for F. solani to 

reach full plate* 

C. nutans Hexane 100 µg/mL More than 1 day 

  50 µg/mL and 25 µg/mL Less than 1 day 

 Ethyl acetate 100 µg/mL More than 1 day 

  50 µg/mL and 25 µg/mL Less than 1 day 

 Methanol 100 µg/mL and 50 µg/mL More than 1 day 

  25 µg/mL Less than 1 day 

C. citratus Hexane 100 µg/mL and 50 µg/mL Less than 1 day 

 Ethyl acetate All concentrations Less than 1 day 

 Methanol 100 µg/mL Less than 1 day 

E. scaber Hexane 100 µg/mL More than 1 day 

  50 µg/mL Less than 1 day 

 Ethyl acetate 100 µg/mL and 50 µg/mL Less than 1 day 

 Methanol All concentrations Less than 1 day 

P. amaryllifolius Hexane 100 µg/mL Less than 1 day 

 Ethyl acetate 100 µg/mL Less than 1 day 

 Methanol - - 

T. aestivum Hexane - - 

 Ethyl acetate - - 

 Methanol - - 

* The number of additional days needed to reach full plate in comparison to control plate. 
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4.3.2.2 Colletotrichum musae 

Table 4.11 shows the growth rate of the C. musae treated with different crude 

extract of C. nutans, C. citratus, E. scaber, P. amaryllifolius and T. aestivum. The growth 

retardation varied across crude extract concentrations of herb species. At least one crude 

extract from the herb species was significantly retarding the growth of C. musae. 

For crude extracts from C. nutans, only ethyl acetate and methanolic crude extract 

showed significant retardation of C. musae. Between these two crude extracts, methanolic 

crude extract of C. nutans demonstrated more potent antifungal agents against C. musae as 

the retardation can be observed at 50 µg/mL (Figure A17) while 100 µg/mL for ethyl 

acetate crude extract (Figure A16). The methanolic crude extract of C. nutans delayed the 

growth of C. musae by 0.6 to 0.8 day to reach full plate (8.0 cm Ø) as compared to the 

control (Table 4.12).  

For crude extracts from C. citratus, only hexane and methanolic crude extract 

showed significant growth retardation of C. musae. Between hexane and methanolic crude 

extract from C. citratus, methanolic crude extract of C. citratus was more potent antifungal 

agents against C. musae as the retardation can be observed at 50 µg/mL (Figure A28) 

while 100 ug/mL for hexane crude extract (Figure A27). The methanolic crude extract of C. 

citratus delayed the growth of C. musae by 0.7 to 1.8 days to reach full plate (8.0 cm Ø) as 

compared to control (Table 4.12). 

For crude extracts from E. scaber, only ethyl acetate crude extract at the highest 

concentration (100 µg/mL) showed a significant effect in retarding the growth of C. musae 

(Figure A38). Ethyl acetate crude extract from E. scaber managed to delay the growth of C. 

musae by approximately 0.8 day to reach full plate (8.0 cm Ø) as compared to control 

(Table 4.12). 
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For crude extracts from P. amaryllifolius, only hexane and ethyl acetate crude 

extract showed significant effect in retarding the growth of C. musae. The retardation can 

be observed at 25 µg/mL for hexane crude extract (Figure A45), and 100 µg/mL for ethyl 

acetate crude extract (Figure A46). Both hexane and ethyl acetate crude extracts of P. 

amaryllifolius delayed the growth of C. musae by 1.9 to 2.4 days to reach full plate (8.0 cm 

Ø) as compared to control (Table 4.12). 

For crude extracts from T. aestivum, only methanolic crude extract at the highest 

concentration (100 µg/mL) showed a significant effect in retarding the growth of C. musae 

(Figure A49). Methanolic crude extract from T. aestivum delayed the growth of C. musae 

by approximately 1.7 days to reach full plate (8.0 cm Ø) as compared to the control plate 

(Table 4.12). 

 

 

 

 

Table 4.11: The average growth rate (cm/day) of C. musae on different concentrations 

of crude extracts from herb species 

 

Herb Extract Growth rate (cm/day)* 

Control 100 µg/mL 50 µg/mL 25 µg/mL 

C. nutans Hexane 0.697±0.115a 0.621±0.042a 0.688±0.107a 0.691±0.117a 

 Ethyl 

acetate 

0.618±0.048a 0.574±0.049b 0.608±0.041ab 0.611±0.048ab 

 Methanol 0.603±0.026a 0.518±0.050b 0.525±0.056b 0.606±0.015a 

C. citratus Hexane 0.605±0.050a 0.500±0.095b 0.545±0.093ab 0.581±0.067a 

 Ethyl 

acetate 

0.535±0.117a 0.402±0.168a 0.452±0.171a 0.525±0.106a 

 Methanol 0.606±0.046a 0.467±0.080c 0.546±0.045b 0.584±0.077ab 

E. scaber Hexane 0.501±0.123a 0.475±0.106a 0.495±0.121a 0.499±0.125a 

 Ethyl 

acetate 

0.428±0.047a 0.365±0.021b 0.415±0.040a 0.424±0.050a 

 Methanol 0.521±0.150a 0.442±0.086a 0.512±0.140a 0.520±0.151a 

P. 

amaryllifolius 

Hexane 0.564±0.039a 0.427±0.050b 0.434±0.016b 0.445±0.027b 

 Ethyl 

acetate 

0.512±0.065a 0.377±0.086b 0.460±0.015a 0.508±0.062a 

 Methanol 0.465±0.068a 0.431±0.082a 0.453±0.072a 0.448±0.061a 
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Table 4.11: continued 

T. aestivum Hexane 0.637±0.086a 0.576±0.100a 0.611±0.094a 0.622±0.096a 

 Ethyl 

acetate 

0.655±0.075a 0.582±0.118a 0.615±0.118a 0.637±0.086a 

 Methanol 0.652±0.081a 0.527±0.174b 0.554±0.149ab 0.608±0.095ab 

*Different letters indicate a significant difference in fungal growth rate on media infused 

with different concentrations of crude extract (p<0.05). 

 

 

Table 4.12: The significant colony fungal growth of C. musae on the plates containing 

crude extracts from herb species that have antifungal properties 

 

Herb Extract Effective concentrations Additional days 

for C. musae to 

reach full plate* 

C. nutans Hexane - - 

 Ethyl acetate 100 µg/mL Less than 1 day 

 Methanol 100 µg/mL and 50 

µg/mL 

Less than 1 day 

C. citratus Hexane 100 µg/mL More than 1 day 

 Ethyl acetate - - 

 Methanol 100 µg/mL More than 1 day 

  50 µg/mL Less than 1 day 

E. scaber Hexane - - 

 Ethyl acetate 100 µg/mL Less than 1 day 

 Methanol - - 

P. amaryllifolius Hexane 100 µg/mL and 50 

µg/mL 

More than 2 days 

  25 µg/mL Less than 2 days 

 Ethyl acetate 100 µg/mL More than 2 days 

 Methanol - - 

T. aestivum Hexane - - 

 Ethyl acetate - - 

 Methanol 100 µg/mL More than 1 day 

* The number of additional days needed to reach full plate in comparison to control plate. 

 

 

 

4.3.2.3 Pyricularia oryzae 

Table 4.13 shows the growth rate of two P. oryzae isolates treated with different 

crude extracts of C. nutans, C. citratus, E. scaber, P. amaryllifolius and T. aestivum. All 
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three crude extracts from C. nutans and C. citratus have significantly retarded the growth 

of isolate POSA1 and POSA2 at different concentrations.  

Against isolate POSA1, retardation of growth was observed at 25 µg/mL treatment 

for all crude extracts from C. nutans (Figure A18, A19 and A20) and C. citratus (Figure 

A29, A30 and A31) except for methanolic crude extract from C. nutans. Against isolate 

POSA2, retardation of growth was observed at 50 µg/mL for all crude extracts from C. 

nutans except for methanolic crude extract (Figure A21, A22 and A23). For the crude 

extracts from C. citratus, the growth retardation of isolate POSA2 was observed at 25 

µg/mL (Figure A32, A33 and A34). The three crude extracts of C. nutans and C. citratus 

have delayed the growth of isolate POSA1 and POSA2 by approximately 0.7 to 3.2 days to 

reach full plate (8.0 cm Ø) as compared to control (Table 4.14). 

For crude extracts from E. scaber, hexane crude extract was observed to retard the 

growth of isolate POSA1 at 100 µg/mL (Figure A39) but had no effect on isolate POSA2. 

In contrast, methanolic crude extract was observed to retard the growth of isolate POSA2 

at 25 µg/mL (Figure A42) but had no effect on isolate POSA1. The ethyl acetate crude 

extract retarded the growth of both isolates (Figure A40 and A41) but required higher 

concentration to retard isolate POSA1. Hexane and ethyl acetate crude extract from E. 

scaber delayed the growth of isolate POSA1 by approximately 2 to 4.15 days to reach full 

plate (8.0 cm Ø) as compared to control (Table 4.14). Ethyl acetate and methanolic crude 

extract from E. scaber delayed the growth of isolate POSA2 by approximately 1.6 to 2.5 

days to reach full plate (8.0 cm Ø) as compared to control (Table 4.14). 

For crude extracts from P. amaryllifolius, the growth of P. oryzae was significantly 

retarded only for isolate POSA1 by hexane (Figure A47) and ethyl acetate crude extract 

(Figure A48). A higher concentration was needed for hexane crude extract in comparison 
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to ethyl acetate crude extract. Both extracts delayed the growth of POSA1 by 

approximately 1.6 to 3 days to reach full plate (8.0 cm Ø) as compared to control (Table 

4.14). 

For crude extracts from T. aestivum, hexane crude extract showed no effect on the 

growth of the two P. oryzae isolates. Ethyl acetate crude extract retarded only the growth 

of isolate POSA1 and can be observed at 50 µg/mL (Figure A50). Methanolic crude extract 

was observed to retard the growth of both isolates (Figure A51 and A52), but higher 

concentration was needed for isolate POSA2. Ethyl acetate and methanolic crude extracts 

from T. aestivum delayed the growth isolate POSA1 by approximately 1.1 to 1.6 days to 

reach full plate (8.0 cm Ø) as compared to control (Table 4.14). Methanolic crude extract 

from T. aestivum managed to retard the growth of isolate POSA2 approximately by 2.2 

days to reach full plate (8.0 cm Ø) as compared to control (Table 4.14). 
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Table 4.13: The average growth rate (cm/day) of P. oryzae on different concentrations of crude extracts from herb species 

 

Herb Isolate Extract Growth rate (cm/day)* 

Control 100 µg/mL 50 µg/mL 25 µg/mL 

C. nutans POSA1 Hexane 0.231±0.007a 0.207±0.006c 0.209±0.008bc 0.214±0.006b 

Ethyl acetate 0.219±0.007a 0.198±0.009c 0.203±0.011bc 0.208±0.006b 

Methanol 0.214±0.007a 0.204±0.005b 0.209±0.007ab 0.209±0.009ab 

POSA2 Hexane 0.258±0.014a 0.226±0.016b 0.231±0.025b 0.241±0.022ab 

  Ethyl acetate 0.249±0.013a 0.224±0.020b 0.224±0.030b 0.239±0.021ab 

Methanol 0.249±0.011a 0.225±0.013b 0.230±.024ab 0.238±0.029ab 

C. citratus POSA1 Hexane 0.212±0.007a 0.178±0.009d 0.191±0.007c 0.200±0.010b 

  Ethyl acetate 0.217±0.006a 0.179±0.015c 0.179±0.015c 0.199±0.012b 

  Methanol 0.211±0.009a 0.191±0.007c 0.193±0.007c 0.204±0.006b 

 POSA2 Hexane 0.236±0.008a 0.206±0.008b 0.214±0.010b 0.214±0.010b 

  Ethyl acetate 0.226±0.008a 0.208±0.004b 0.210±0.008b 0.210±0.008b 

  Methanol 0.230±0.010a 0.217±0.007b 0.219±0.006b 0.219±0.006b 

E. scaber POSA1 Hexane 0.205±0.013a 0.167±0.028b 0.191±0.010a 0.198±0.015a 

Ethyl acetate 0.201±0.011a 0.178±0.011b 0.180±0.016b 0.194±0.014a 

Methanol 0.227±0.020a 0.210±0.012a 0.213±0.020a 0.214±0.021a 

POSA2 Hexane 0.275±0.063a 0.250±0.020a 0.263±0.023a 0.263±0.023a 

Ethyl acetate 0.285±0.040a 0.235±0.016b 0.244±0.010b 0.246±0.017b 

Methanol 0.284±0.049a 0.228±0.014b 0.238±0.031b 0.241±0.048b 

P. amaryllifolius POSA1 Hexane 0.222±0.020a 0.189±0.036b 0.191±0.038ab 0.194±0.035ab 

  Ethyl acetate 0.226±0.013a 0.189±0.045b 0.196±0.037b 0.212±0.013ab 

  Methanol 0.222±0.019a 0.199±0.027a 0.200±0.036a 0.204±0.025a 

 POSA2 Hexane 0.246±0.017a 0.217±0.037a 0.220±0.039a 0.221±0.034a 

  Ethyl acetate 0.241±0.017a 0.214±0.051a 0.230±0.032a 0.235±0.027a 

  Methanol 0.236±0.023a 0.216±0.027a 0.219±0.039a 0.227±0.030a 

T. aestivum POSA1 Hexane 0.225±0.013a 0.211±0.020a 0.212±0.014a 0.217±0.013a 

 Ethyl acetate 0.224±0.014a 0.203±0.017b 0.207±0.017b 0.210±0.013ab 
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Table 4.13: continued 

  Methanol 0.226±0.016a 0.207±0.021b 0.210±0.016b 0.216±0.009ab 

 POSA2 Hexane 0.255±0.043a 0.229±0.038a 0.240±0.033a 0.248±0.035a 

  Ethyl acetate 0.260±0.032a 0.235±0.032a 0.240±0.027a 0.248±0.028a 

  Methanol 0.263± 0.029a 0.229±0.037b 0.244±0.029ab 0.248±0.032ab 

*Different letters indicate a significant difference in fungal growth rate on media infused with different concentrations of crude extract 

(p<0.05). 

 

 

Table 4.14: The significant colony fungal growth of P. oryzae on the plates containing crude extracts from herb species that have 

antifungal properties 

 

Herb Isolate Extract Effective concentrations Additional days for P. 

oryzae to reach full plate* 

C. nutans POSA1 Hexane All concentrations More than 1 day 

  Ethyl acetate 100 µg/mL and 50 µg/mL More than 1 day 

   25 µg/mL Less than 1 day 

  Methanol 100 µg/mL Less than 1 day 

 POSA2 Hexane 100 µg/mL and 50 µg/mL More than 1 day 

  Ethyl acetate 100 µg/mL and 50 µg/mL More than 1 day 

  Methanol 100 µg/mL More than 1 day 

C. citratus POSA1 Hexane 100 µg/mL More than 2 days 

   50 µg/mL and 25 µg/mL Less than 2 days 

  Ethyl acetate 100 µg/mL and 50 µg/mL More than 3 days 

   25 µg/mL Less than 2 days 

  Methanol 100 µg/mL and 50 µg/mL More than 1 day 

   25 µg/mL Less than 1 day 

 POSA2 Hexane 100 µg/mL More than 2 days 

   50 µg/mL and 25 µg/mL Less than 2 days 
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Table 4.14: continued 

  Ethyl acetate All concentrations More than 1 day 

  Methanol All concentrations Less than1 day 

E. scaber POSA1 Hexane 100 µg/mL More than 4 days 

  Ethyl acetate 100 µg/mL and 50 µg/mL More than 2 days 

  Methanol - - 

 POSA2 Hexane - - 

  Ethyl acetate 100 µg/mL More than 2 days 

   50 µg/mL and 25 µg/mL Less than 2 days 

  Methanol All comcentrations More than 2 days 

P. amaryllifolius POSA1 Hexane 100 µg/mL 3 days 

  Ethyl acetate 100 µg/mL More than 2 days 

   50 µg/mL Less than 2 days 

  Methanol - - 

 POSA2 Hexane - - 

  Ethyl acetate - - 

  Methanol - - 

T. aestivum POSA1 Hexane - - 

  Ethyl acetate 100 µg/mL and 50 µg/mL More than 1 day 

  Methanol 100 µg/mL and 50 µg/mL More than 1 day 

 POSA2 Hexane - - 

  Ethyl acetate - - 

  Methanol 100 µg/mL More than 2 days 

* The number of additional days needed to reach full plate in comparison to control plate. 
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4.3.3 Effect of Crude Extracts from Selected Weeds Species on the Growth of 

Different Crop Pathogens 

 

4.3.3.1 Fusarium solani 

Table 4.15 shows the growth rate of F. solani treated with different crude extracts 

from P. paniculata and T. procumbens. All three crude extracts from P. paniculata and T. 

procumbens have significantly retarded the growth of F. solani at different concentrations. 

The growth retardation can already be observed at 50 µg/mL for crude extracts from P. 

paniculata except for ethyl acetate crude extract which was at 100 µg/mL （Figure A53, 

A54 and A55）. For T. procumbens, the growth retardation can already be observed at 50 

µg/mL except for methanolic crude extract which was at 100 µg/mL (Figure A64, A65 and 

A66). All three crude extracts from P. paniculata and T. procumbens delayed the growth 

of F. solani by 0.3 to 0.85 day to reach full plate (8.0 cm Ø) as compared to control (Table 

4.16). 

 

 

 

Table 4.15: The average growth rate (cm/day) of F. solani on different concentrations of 

crude extracts from weed species 

 

Weed Extract Growth rate (cm/day)* 

Control 100 µg/mL 50 µg/mL 25 µg/mL 

P. paniculata Hexane 0.384±0.017a 0.366±0.007c 0.372±0.006bc 0.382±0.014ab 

 Ethyl 

acetate 

0.374±0.010a 0.357±0.011b 0.369±0.006a 0.372±0.007a 

 Methanol 0.377±0.017a 0.363±0.008b 0.366±0.011b 0.368±0.008ab 

T. 

procumbens 

Hexane 0.330±0.012a 0.297±0.010b 0.301±0.011b 0.331±0.010a 

 Ethyl 

acetate 

0.340±0.011a 0.322±0.009b 0.323±0.012b 0.335±0.011a 

 Methanol 0.340±0.007a 0.332±0.013b 0.335±0.007ab 0.337±0.007ab 

*Different letters indicate a significant difference in fungal growth rate on media infused 

with different concentrations of crude extract (p<0.05). 
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Table 4.16: The significant colony fungal growth of F. solani on the plates containing 

crude extracts from weed species that have antifungal properties 

 

Weed Extract Effective 

concentrations 

Additional days 

for F. solani to 

reach full plate* 

P. paniculata Hexane 100 µg/mL and 50 

µg/mL 

Less than 1 day 

 Ethyl acetate 100 µg/mL Less than 1 day 

 Methanol 100 µg/mL and 50 

µg/mL 

Less than 1 day 

T. procumbens Hexane 100 µg/mL and 50 

µg/mL 

Less than 1 day 

 Ethyl acetate 100 µg/mL and 50 

µg/mL 

Less than 1 day 

 Methanol 100 µg/mL Less than 1 day 

* The number of additional days needed to reach full plate in comparison to control plate. 

 

 

 

4.3.3.2 Colletotrichum musae 

Table 4.17 shows the growth rate of the C. musae treated with different crude 

extracts of P. paniculata and T. procumbens. All three crude extracts from P. paniculata 

have significantly retarded the growth of C. musae where the retardation can already be 

observed at concentration of 50 µg/mL for all three crude extracts (Figure A56, A57 and 

A58). The three crude extracts of P. paniculata delayed the growth of C. musae by 0.9 to 

3.15 days to reach full plate (8.0 cm Ø) as compared to the control (Table 4.18). 

For crude extracts from T. procumbens, only ethyl acetate (Figure A67) and 

methanolic crude extracts (Figure A68) showed significant effect on retarding the growth 

of C. musae. Both ethyl acetate and methanolic crude extracts from T. procumbens delayed 

the growth of C. musae by 0.8 to 1.65 days to reach full plate (8.0 cm Ø) as compared to 

the control (Table 4.18). 
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Table 4.17: The average growth rate (cm/day) of C. musae on different concentrations 

of crude extracts from weed species 

 

Weed Extract Growth rate (cm/day)* 

Control 100 µg/mL 50 µg/mL 25 µg/mL 

P. paniculata Hexane 0.640±0.026a 0.489±0.035c 0.539±0.029b 0.632±0.037a 

 Ethyl 

acetate 

0.627±0.031a 0.472±0.029c 0.523±0.025b 0.629±0.018a 

 Methanol 0.624±0.026a 0.377±0.042c 0.503±0.039b 0.599±0.014a 

T. procumbens Hexane 0.516±0.101a 0.436±0.135a 0.492±0.113a 0.503±0.100a 

 Ethyl 

acetate 

0.609±0.056a 0.513±0.105b 0.535±0.062b 0.604±0.059a 

 Methanol 0.539±0.064a 0.422±0.153b 0.455±0.121ab 0.533±0.053a 

*Different letters indicate a significant difference in fungal growth rate on media infused 

with different concentrations of crude extract (p<0.05). 

 

 

Table 4.18: The significant colony fungal growth of C. musae on the plates containing 

crude extracts from weed species that have antifungal properties 

 

Weed Extract Effective concentrations Additional days 

for C. musae to 

reach full plate* 

P. paniculata Hexane 100 µg/Ml More than 1 day 

  50 µg/mL Less than 1 day 

 Ethyl acetate 100 µg/mL and 50 µg/mL Less than 1 day 

 Methanol 100 µg/mL More than 3 days 

  50 µg/mL Less than 2 days 

T. procumbens Hexane - - 

 Ethyl acetate 100 µg/mL More than 1 day 

  50 µg/mL Less than 1 day 

 Methanol 100 µg/mL More than 1 day 

* The number of additional days needed to reach full plate in comparison to control plate. 
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4.3.3.3 Pyricularia oryzae 

Table 4.19 shows the growth rate of the P. oryzae treated with different crude 

extracts of P. paniculata and T. procumbens. The growth of isolate POSA1 was retarded 

by all three crude extracts from P. paniculata, but only two for T. procumbens (hexane and 

methanolic crude extract). Contrastingly, the growth of isolate POSA2 was retarded by all 

three crude extracts from T. procumbens, but only two for P. paniculata (Hexane and ethyl 

acetate crude extract). Generally, a concentration of 50 µg/mL was required to see the 

effect of crude extracts on the growth of the two isolates of P. oryzae (Figure A60, A62, 

A69, A70, A71, A72 and A73). This is not true for hexane and methanolic crude extract 

from P. paniculata (Figure A59 and A61), which required 100 µg/mL against isolate 

POSA1, and ethyl acetate crude extract of P. paniculata, (Figure A63) which required 

lower concentration against isolate POSA2. The crude extracts of P. paniculata and T. 

procumbens delayed the growth of isolate POSA1 and POSA2 by 1 to 2.9 days to reach 

full plate (8.0 cm Ø) as compared to the control (Table 4.20). 
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Table 4.19: The average growth rate (cm/day) of P. oryzae on different concentrations of crude extracts from weed species 

 

Weed Isolate Extract Growth rate (cm/day)* 

Control 100 µg/mL 50 µg/mL 25 µg/mL 

P. paniculata POSA1 Hexane 0.249±0.046a 0.211±0.019b 0.229±0.036ab 0.238±0.029ab 

  Ethyl acetate 0.247±0.041a 0.202±0.015c 0.220±0.025bc 0.229±0.027ab 

  Methanol 0.250±0.038a 0.221±0.024b 0.226±0.020ab 0.240±0.030ab 

 POSA2 Hexane 0.276±0.021a 0.224±0.022c 0.244±0.030bc 0.263±0.036ab 

  Ethyl acetate 0.280±0.028a 0.226±0.027b 0.240±0.023b 0.252±0.035b 

  Methanol 0.277±0.030a 0.248±0.037a 0.252±0.029a 0.267±0.040a 

T. procumbens POSA1 Hexane 0.214±0.013a 0.192±0.011b 0.201±0.012b 0.214±0.012a 

  Ethyl acetate 0.206±0.007a 0.202±0.012a 0.203±0.012a 0.203±0.006a 

  Methanol 0.212±0.009a 0.193±0.007b 0.197±0.009b 0.208±0.013a 

 POSA2 Hexane 0.251±0.018a 0.205±0.023c 0.226±0.022bc 0.234±0.029ab 

  Ethyl acetate 0.260±0.016a 0.218±0.027b 0.223±0.014b 0.238±0.033ab 

  Methanol 0.246±0.012a 0.214±0.020c 0.224±0.030bc 0.238±0.026ab 

*Different letters indicate a significant difference in fungal growth rate on media infused with different concentrations of crude extract 

(p<0.05). 
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Table 4.20: The significant colony fungal growth of P. oryzae on the plates containing crude extracts from weed species that have 

antifungal properties 

 

Weed Isolate Extract Effective concentrations Additional days for P. 

oryzae to reach full 

plate* 

P. paniculata POSA1 Hexane 100 µg/mL More than 2 days 

  Ethyl acetate 100 µg/mL More than 2 days 

   50 µg/mL Less than 2 days 

  Methanol 100 µg/mL More than 1 day 

 POSA2 Hexane 100 µg/mL More than 2 days 

   50 µg/mL Less than 2 days 

  Ethyl acetate 100 µg/mL and 50 µg/mL More than 2 days 

   25 µg/mL Less than 2 days 

  Methanol - - 

T. procumbens POSA1 Hexane 100 µg/mL More than 1 day 

   50 µg/mL 1 day 

  Ethyl acetate - - 

  Methanol 100 µg/mL and 50 µg/mL More than 1 day 

 POSA2 Hexane 100 µg/mL More than 2 days 

   50 µg/mL 1 day 

  Ethyl acetate 100 µg/mL and 50 µg/mL More than 2 days 

  Methanol 100 µg/mL 2 days 

   50 µg/mL Less than 2 days 

* The number of additional days needed to reach full plate in comparison to control plate. 
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4.4 General Discussion 

Leaf samples were chosen as the materials for the phytochemical extraction 

because of the known ethno botanical properties of the leaf of the nine medicinal plant 

species (Duke et al., 2002; Agoyi et al., 2014; Hiradeve & Rangari, 2014; Alam et al., 

2016; Ansori et al., 2020; Bhuyan & Sonowal, 2021; Jayasundera, 2021; Lokho & 

Mustaqim, 2021). Besides that, leaf is abundantly available. 

In the sequential extraction, hexane was extracted first, followed by ethyl acetate 

and methanol following the sequence of the non-polar to polar solvent. In the presented 

result of extraction yield from different species with different solvents, methanol had the 

higher extraction yield compared to other two solvents. Higher extraction yield of 

methanol may be probably due to the higher content of polar compounds extracted 

compared to non-polar compounds. Methanol is more polar solvent than ethyl acetate and 

n-hexane, thus explaining that the methanol is more efficient to extract polar compounds 

such as phenolic, alkaloid and terpenoids (Truong et al., 2019). This is probably due to the 

presence of hydroxyl and carboxyl groups in most polar compounds which make them 

preferably extracted in much more polar solvents such as methanol (Zazouli et al., 2016). 

This is not true for extraction yield of methanolic crude extract of M. oleifera.  

The presented results demonstrated a wide range of antifungal activities of the 

crude extracts from the selected medicinal plants against crop pathogenic fungi. A possible 

reason for antifungal activity could be the effect of bioactive compounds present in crude 

extract of the selected medicinal plants. Plant synthesizes a vast varieties of these 

compounds that involved in different biological activities including providing protection 

against foreign agents such as bacteria, fungi, insects and animals (Schultz, 2002). 

Fractions of crude extracts were not tested to guide the identification of the active 
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compound(s). Previously reported phytochemical compound and their antimicrobial 

properties of the selected medicinal plant in this study, are used to speculate the possible 

candidate active compounds which may be responsible for the antifungal effect observed in 

this study. This is summarised in Table 4.21. Clearly, more in-depth studies on the 

influence of the bioactive compounds against tested crop pathogenic fungi in this study 

should be performed to determine the group of compound(s) that gives potent antifungal 

properties. 

Phytochemicals exert antimicrobial activity through different mechanisms of action 

(Niño et al., 2012).Tannins might involve in the inhibition of cell wall synthesis by 

forming irreversible complexes with proline rich protein (Shimada, 2006). They are 

effective inhibitor for pectinase where pectinase enzyme correlated with the infection of 

leaf disease. Grosmman (1958) reported that tannin is able to obstruct the pectinolytic 

enzymes from F. oxysporum that cause vascular wilt diseases including wilt and death of 

leaves. This mechanism might be true for F. solani.  

Flavonoids and phenolic compounds are found to be effective antimicrobial 

substances against a wide array of microorganisms in vitro are known to be synthesized in 

response to microbial infection by plants (Sulaiman et al., 2015; Ahmandu et al., 2021). 

Flavonoids have the ability to bind with extracellular and soluble proteins and complexes 

with microbial cell walls (Hemandez et al., 2000). Hydroxyl group in phenolic compounds 

confer antimicrobial activity (Sharma et al., 2016). Al-Huqail et al. (2019) reported that 

antimicrobial activity of the water extract from Acacia saligna flowers against the three 

mould species tested (F. culmorum, R. solani, and P. chrysogenum) could be related to the 

presence of some phenolic and flavonoid compounds. 



60 
 

Mechanisms of action from other phytochemicals are well known. Saponins cause 

leakage of proteins and certain enzymes from the cell of microorganism (Zablotowicz et al., 

1996). Terpenoids weaken the membranous tissue of microorganism, thus cause 

dissolution of the cell wall of microorganism (Hemandez et al., 2000). Steroids are known 

for their antimicrobial activity that are associated with membrane lipids and cause leakage 

from liposomes of microorganism (Epand et al., 2007). Alkaloids make their antimicrobial 

action throughout intercalation with cell wall and/or DNA constituents (Cowan, 1999). 

Some crude extract from the selected medicinal plants have showed no significant 

effect against crop pathogenic fungi. A possible reason might be due to the low 

concentration or absent of compound(s) with antifungal properties in the crude extract. The 

difference in the antifungal activity of plant extract might be attributed to the plant samples 

collected from different geographical location (Gündüz et al., 2012; Kumar et al., 2015), 

age of the plant used (Qasem & Aau-Blan, 1996; Sundaresan et al., 2015; Yilma & Alemu, 

2020), part of the plants (Taddei & Rosas-Romero, 2000; Nigussie et al., 2021), freshness 

of the plant samples (Kaškonienė et al., 2015; Ove et al., 2021), time of harvesting of the 

plant samples (Aladag et al, 2009; Khoo et al., 2018) and drying method used before the 

extraction process (Elzaawely & Tawata, 2011; Nguyen & Le, 2018). All the mentioned 

differences may cause different content of active constituents of medicinal plants leaf 

samples (Yang et al., 2013; Arullappan et al., 2014) in the study.  

Isolate dependent retardation of crude extract was noted in the antifungal activities 

of selected medicinal plants against P. oryzae (POSA1 and POSA2). There were 21 crude 

extracts had retardation effect against isolate POSA1 while 17 for isolate POSA2 (out of 

27 crude extracts). Isolate dependent retardation effect referring to a crude extract from 

selected medicinal plants may be effective to isolate POSA1 but may not be as effective 
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against isolate POSA2. For example, the hexane crude extract of E. scaber showed 

retardation to isolate POSA1 but not against isolate POSA2. On the other hand, the 

methanolic crude extract of E. scaber showed retardation to isolate POSA2 but not against 

isolate POSA1 It is also referring to crude extract of selected medicinal plants which shows 

retardation effect to both isolates but required a different concentration to see the 

significant retardation effect. For instance, the retardation effect of all three crude extracts 

of G. mangostana where lowest concentration of crude extracts is required to against 

isolate POSA1 but medium concentration is needed to against isolate POSA2. It is also 

true for hexane and ethyl acetate crude extract of C. nutans. The isolate dependent 

retardation effect of the crop pathogenic fungi is important where this prompt to us that 

searching for potent antimicrobial agent not only need to find the one effective to broad 

species of crop pathogenic fungi, but also effective against most (significant isolate or 

strains of pathogen), if not all the variants (Brauer et al., 2019; Edouarzin et al., 2019).  

The delay or inhibition in colony fungal growth varies between crude extracts from 

the selected medicinal plants. Mostly, crude extracts of selected medicinal plants delay the 

growth rate of tested crop pathogenic fungi by two to three days to reach full plate (8.0 cm 

Ø). This significant retardation of fungal growth by two to three days in in vitro may not be 

significant to curbing the crop pathogen population and controlling the crop disease 

development in the field. To increase the inhibition effect, one may consider to increase the 

concentration of crude extract. However, this may not be sustainable or economically 

efficient for field application later. 

Other than using higher concentration of crude extract to against crop pathogenic 

fungi, it is possible to use in mixture of chemicals (different antimicrobial compounds) that 

may work in synergism to retard the growth of crop pathogenic fungi. Plant extracts that 
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contain more than one antimicrobial compounds is well documented (Masoko et al., 2005; 

Ribera & Zuniga, 2012). Synthetic combination of active compounds may also lead to 

decrease in MIC values of compounds against crop pathogens (Almansour et al., 2019). If 

the compounds have different metabolic process, it may lead to decrease in the 

development of fungal resistance against selective compounds (Perlin et al., 2017; Shuping 

& Eloff, 2017; Fisher et al., 2018). This strategy can be considered to exploit plant species 

which have active compounds with minor effect on the targeted pathogens.  

Exploiting functional group from different active compounds may be considered 

for latter approach in this study. Synthesis of one functional group of active compounds or 

a combination of different functional groups with antimicrobial properties can be 

considered for future study. For example, synthesis functional hydroxyl group of 

flavonoids may be considered because its hydroxylated phenolic substances are known to 

be synthesized by plants in response of microbial infection (Kumar & Pandey, 2013). 

Synthesis functional group of active compounds may optimize the reaction condition 

where amount of plant extracts against crop pathogens may be minimized (Almansour et 

al., 2019; Al-Zahrani et al., 2021). Synthesis functional group of active compounds with 

low toxicity may offer a new insight into the development of biofungicide.  

The plant-derived biofungicide would not only replace toxic, non-degradable 

ingredients of the conventional fungicide but also increase the bioefficacy of the products 

through incorporating latest technologies including size reduction, increased coverage of 

applied surface area, reduced wastage and dose rates of applied same pesticides to sustain 

food quality with minimum pesticide residues (Nagpure et al., 2014; Hazra et al., 2017). 

There is still various knowledge gaps that are meant to be breached in order to exploit 

plant-based biofungicide more effectively in the future. 
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Table 4.21: Pytochemicals and antimicrobial activity of the selected medicinal plants from other studies  

 

Medicinal plants Leaf 

crude 

extract 

Compounds that might present 

in the leaf crude extract 

Microbes that was inhibited by leaf crude 

extract 

Reference 

G. mangostana Hexane Flavonoids and xanthone - Alsultan et al. (2016)b 

 Ethyl 

acetate 

Flavonoids and xanthone S. aureus, Staphylococcus epidermidis, 

Enterobacter aerogenes, Vibrio parahaemolyticus, 

Proteus vulgaris, E. coli, Klebsiella pneumoniae, 

Yersinia enterocolitica, Salmonella typhimurium, 

and Micrococcus luteus  

Lalitha et al. (2017) 

 Methanol Caryophyllene, docosane, 

cycloartenol and 4,4-

methylenebis 

Pseudomonas syringae and X. oryzae Alsultan et al. (2016) 

  Alkaloids, flavonoids, saponins, 

tannins, phenol, anthraquinone 

and cardiac glycosides 

P. syringae and X. oryzae Alsultan et al. (2017) 

M. oleifera Hexane Tannins, alkaloids and 

phlobatannins 

Salmonella typhi, Mucor sp. and C. albicans Ojiako (2014) 

  Saponins, phenols, glycosides, 

terpenoids and alkaloids 

- Marcus and 

Nwineewii (2015)b 

  Saponins - Pathak et al. (2020)b 

 Ethyl 

acetate 

Tannins, alkaloids, saponins and 

phenols 

S. aureus, E. coli, S. typhi, Mucor sp. and C. 

albican 

Ojiako (2014) 

 Methanol Alkaloids, flavonoids, 

glycosides, triterpenoids and 

steroids 

- Zaffer et al. (2015)b 

  Polyphenols - Nobossé et al. (2020)b 

  Polyphenols - Pathak et al. (2020)b 

  Phenolic compounds, alkaloids 

and saponins 

B. cinerea Ahmandu et al. (2021) 
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Table 4.21: continued 

  Glycosides, flavonoids, 

alkaloids, tannins, saponins, 

phenols and hydrolysable 

tannins 

Aspergillus flavus and A. niger Ayirezang et al. 

(2020) 

  - Fusarium dry rot Mncube and Yobo 

(2021)a 

C. nutans Hexane Lignin, waxes, lipids, aglycon, 

sterols and terpenoids 

- Cowan (1999)b 

 Ethyl 

acetate 

Phenolic compounds and fatty 

acids 

- Sulaiman et al. 

(2015)b 

 Methanol Saponins, phenolics, 

flavonoids, diterpenes and 

phytosterols 

- Yang et al. (2013)b 

  Flavonoids, triterpenoids, 

steroids, phytosterols 

glycosides and saponins 

- Khoo et al. (2018)b 

C. citratus Hexane Flavonoids - Suri et al. (2021)b 

 Ethyl 

acetate 

Flavonoids - Suri et al. (2021)b 

 Methanol Alkaloids, carbohydrates, 

saponins, reducing sugars, 

steroids, tannins, glycosides, 

proteins, flavonoids, resins, oils 

and terpenoids 

Bacillus cereus, E. coli, K. pneumoniae, S. aureus 

and C. albicans 

Amarachi et al. (2012) 

  - A. alternata and Alternaria tenuissima Shafique et al. (2012)a 

  - Fusarium spp. Abu Bakar et al. 

(2018)a 

  Saponins, tannins and 

flavonoids 

- Unuigbe et al. (2019)b 
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Table 4.21: continued 

E. scaber Hexane Stigmasterol, lupeol - Ahmad et al. (2009)b 

 Ethyl 

acetate 

Sequiterpene lactones, 

terpenoids, deoxyelephantopin, 

isodeoxyelephantopin and 

scab-ertopin 

- Daisy et al. (2011)b 

 Methanol Alkaloids, flavonoids, tannins, 

quinones, carbohydrates and 

oils 

K. pneumonia, Pseudomonas aeruginosa, E. coli, S. 

aureus, S. typhi and Candida species 

Gangarao et al. (2012) 

  - P. oryzae, F. solani, G. cingulata and 

Colletotrichum sp. 

Hussin (2015)a 

  - Colletotrichum sp., F. solani and P. oryzae Hussin et al. (2016)a 

P. amaryllifolius Hexane - - -c 

 Ethyl 

acetate 

- - -c 

 Methanol - A. flavus Hasbollah (2017)a 

T. aestivum Hexane Rutin, chlorogenic acid, 

tocopherol, chlorogenic acid 

and gallic acid 

S. typhi, S. aureus and Vibrio cholerae Rajoria et al. (2015) 

  Chlorophyll-a, chlorophyll-b 

and carotene 

Salmonella enteritidis Rajoria et al. (2016) 

 Ethyl 

acetate 

Flavonoids, alkaloids, tannins, 

phenols, saponins and  steroids  

- Johri and Khan 

(2017)b 

 Methanol Flavonoids - Zendehbad et al., 

2014; Ove et al., 

2021b 

P. paniculata Hexane Rutin and aurapten C. gattii Johann et al. (2011) 

  Phebalosin P. brasiliensis Missau et al. (2014) 
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Table 4.21: continued 

 Ethyl 

acetate 

- - -c 

 Methanol Flavonoids - Murwanto and 

Santosa (2012)b 

T. procumbens Hexane - S.aureus, Bacillus subtilis and E. aerogenes Rizvi et al. (2011)a 

 Ethyl 

acetate 

Flavonoids and sterols - Abubakar et al. 

(2016)b 

  Alkaloids, anthraquinonine 

glycosides, flavonoids, 

phenolic acids, saponins, 

tannins, steroids and 

carbohydrates 

C. albicans, A. flavus and A. niger Bhagyasri et al. 

(2017) 

 Methanol - C. albicans and S. cerevisiae Kamble and Moon 

(2015)a 

  Flavonoids, 

carbohydrates,steroids, 

saponins, tannins and alkaloids 

- Abubakar et al. 

(2016)b 

  Flavonoids, alkaloids, 

carbohydrates, polyphenols and 

tannins 

- Syed et al. (2020)b 

a The phytochemical screening was not performed; 
b The antimicrobial assay was not performed; 
c The phytochemical screening and antimicrobial assay of the crude extract of medicinal plant species was not reported. 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATIONS 

 

5.1 Conclusion 

In the present study, leaves of nine selected medicinal plants (fruit tree, herbs and 

weeds) were extracted with absolute n-hexane, ethyl acetate and methanol. A total of 27 

crude extracts were obtained and used for antifungal assay. At least one crude extract of 

the selected medicinal plants was significantly retarded one tested crop pathogenic fungi. 

Crude extracts from different medicinal plant species were found to be effective in 

retarding but not killing the tested crop pathogenic fungi. The species dependent growth 

retardation effect was observed whereas growth of the crop pathogenic fungi varies 

between crude extracts from different medicinal plant species as well as different 

concentrations. Based on the growth rate of isolates of P. oryzae (POSA1 and POSA2), 

isolate dependent growth retardation effect was observed. The crude extract from the 

medicinal plant may be effective to one isolate of crop pathogenic fungi and may not be as 

effective against another isolate. The crude extract that causes the species and isolate 

dependent growth retardation effect in this study may not applicable in the field because 

searching for a potent antimicrobial agent need to be effective to most significant species 

or isolates of crop pathogenic fungi.  

5.2 Recommendations 

Based on the findings of the present study, some crude extract have shown 

significant effects against three crop pathogenic fungi. Crude extracts that are effective to 

broad species of crop pathogenic fungi have prompt to the isolation and purification of 

bioactive compounds with antifungal properties for latter approach. Combination of 
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bioactive compounds against crop pathogenic fungi also can be considered for latter 

approach. Both recommendation are required minimal extraction procedure and provide 

new insight of approach in development of biofungicide.   
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Figure A1: Antifungal activity of leaves from G. mangostana hexane crude extract 

against C. musae with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 

 

 
Figure A2: Antifungal activity of leaves from G. mangostana ethyl acetate crude extract 

against C. musae with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 

 

 
Figure A3: Antifungal activity of leaves from G. mangostana methanolic crude extract 

against C. musae with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 
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Figure A4: Antifungal activity of leaves from G. mangostana hexane crude extract 

against P. oryzae (isolate POSA1) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 

 

 
Figure A5: Antifungal activity of leaves from G. mangostana ethyl acetate crude extract 

against P. oryzae (isolate POSA1) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 

 

 
Figure A6: Antifungal activity of leaves from G. mangostana methanolic crude extract 

against P. oryzae (isolate POSA1) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 
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Figure A7: Antifungal activity of leaves from G. mangostana hexane crude extract 

against P. oryzae (isolate POSA2) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 

 

 
Figure A8: Antifungal activity of leaves from G. mangostana ethyl acetate crude extract 

against P. oryzae (isolate POSA2) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 

 

 
Figure A9: Antifungal activity of leaves from G. mangostana methanolic crude extract 

against P. oryzae (isolate POSA2) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 
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Figure A10: Antifungal activity of leaves from M. oleifera methanolic crude extract 

against F. solani with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 

 

 
Figure A11: Antifungal activity of leaves from M. oleifera methanolic crude extract 

against C. musae with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 

 

 
Figure A12: Antifungal activity of leaves from M. oleifera ethyl acetate crude extract 

against P. oryzae (isolate POSA1) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 
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Figure A13: Antifungal activity of leaves from C. nutans hexane crude extract against F. 

solani with different concentrations, where “ * ” indicates significant 

different from control medium only (p<0.05). 

 

 
Figure A14: Antifungal activity of leaves from C. nutans ethyl acetate crude extract 

against F. solani with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 

 

 
Figure A15: Antifungal activity of leaves from C. nutans methanolic crude extract 

against F. solani with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 
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Figure A16: Antifungal activity of leaves from C. nutans ethyl acetate crude extract 

against C. musae with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 

 

 
Figure A17: Antifungal activity of leaves from C. nutans methanolic crude extract 

against C. musae with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 

 

 
Figure A18: Antifungal activity of leaves from C. nutans hexane crude extract against P. 

oryzae (isolate POSA1) with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 
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Figure A19: Antifungal activity of leaves from C. nutans ethyl acetate crude extract 

against P. oryzae (isolate POSA1) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 

 

 
Figure A20: Antifungal activity of leaves from C. nutans methanolic crude extract 

against P. oryzae (isolate POSA1) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 

 

 
Figure A21: Antifungal activity of leaves from C. nutans hexane crude extract against P. 

oryzae (isolate POSA2) with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 
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Figure A22: Antifungal activity of leaves from C. nutans ethyl acetate crude extract 

against P. oryzae (isolate POSA2) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 

 

 
Figure A23: Antifungal activity of leaves from C. nutans methanolic crude extract 

against P. oryzae (isolate POSA2) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 

 

 
Figure A24: Antifungal activity of leaves from C. citratus hexane crude extract against F. 

solani with different concentrations, where “ * ” indicates significant 

different from control medium only (p<0.05). 
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Figure A25: Antifungal activity of leaves from C. citratus ethyl acetate crude extract 

against F. solani with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 

 
Figure A26: Antifungal activity of leaves from C. citratus methanolic crude extract 

against F. solani with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 

 

 
Figure A27: Antifungal activity of leaves from C. citratus hexane crude extract against C. 

musae with different concentrations, where “ * ” indicates significant 

different from control medium only (p<0.05). 
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Figure A28: Antifungal activity of leaves from C. citratus methanolic crude extract 

against C. musae with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 

 

 
Figure A29: Antifungal activity of leaves from C. citratus hexane crude extract against P. 

oryzae (isolate POSA1) with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 

 
Figure A30: Antifungal activity of leaves from C. citratus ethyl acetate crude extract 

against P. oryzae (isolate POSA1) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 

 

 

 

 



112 
 

 
Figure A31: Antifungal activity of leaves from C. citratus methanolic crude extract 

against P. oryzae (isolate POSA1) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 

 

 
Figure A32: Antifungal activity of leaves from C. citratus hexane crude extract against P. 

oryzae (isolate POSA2) with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 

 

 
Figure A33: Antifungal activity of leaves from C. citratus ethyl acetate crude extract 

against P. oryzae (isolate POSA2) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 

 

 

 

 



113 
 

 
Figure A34: Antifungal activity of leaves from C. citratus methanolic crude extract 

against P. oryzae (isolate POSA2) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 

 

 
Figure A35: Antifungal activity of leaves from E. scaber hexane crude extract against F. 

solani with different concentrations, where “ * ” indicates significant 

different from control medium only (p<0.05). 

 

 
Figure A36: Antifungal activity of leaves from E. scaber ethyl acetate crude extract 

against F. solani with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 
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Figure A37: Antifungal activity of leaves from E. scaber methanolic crude extract 

against F. solani with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 

 

 
Figure A38: Antifungal activity of leaves from E. scaber ethyl acetate crude extract 

against C. musae with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 

 

 
Figure A39: Antifungal activity of leaves from E. scaber hexane crude extract against P. 

oryzae (isolate POSA1) with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 
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Figure A40: Antifungal activity of leaves from E. scaber ethyl acetate hexane crude 

extract against P. oryzae (isolate POSA1) with different concentrations, 

where “ * ” indicates significant different from control medium only 

(p<0.05). 

 

 
Figure A41: Antifungal activity of leaves from E. scaber ethyl acetate crude extract 

against P.  oryzae (isolate POSA2) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 

 

 
Figure A42: Antifungal activity of leaves from E. scaber methanolic crude extract 

against P. oryzae (isolate POSA2) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 
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Figure A43: Antifungal activity of leaves from P. amaryllifolius hexane crude extract 

against F. solani with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 

 

 
Figure A44: Antifungal activity of leaves from P. amaryllifolius ethyl acetate crude 

extract against F. solani with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 

 

 
Figure A45: Antifungal activity of leaves from P. amaryllifolius hexane crude extract 

against C. musae with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 
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Figure A46: Antifungal activity of leaves from P. amaryllifolius ethyl acetate crude 

extract against C. musae with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 

 

 
Figure A47: Antifungal activity of leaves from P. amaryllifolius hexane crude extract 

against P. oryzae (isolate POSA1) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 

 

 
Figure A48: Antifungal activity of leaves from P. amaryllifolius ethyl acetate crude 

extract against P. oryzae (isolate POSA1) with different concentrations, 

where “ * ” indicates significant different from control medium only 

(p<0.05).  
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Figure A49: Antifungal activity of leaves from T. aestivum methanolic crude extract 

against C. musae with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 

 

 
Figure A50: Antifungal activity of leaves from T. aestivum ethyl acetate crude extract 

against P. oryzae (isolate POSA1) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 

 

 
Figure A51: Antifungal activity of leaves from T. aestivum methanolic crude extract 

against P. oryzae (isolate POSA1) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 
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Figure A52: Antifungal activity of leaves from T. aestivum methanolic crude extract 

against P. oryzae (isolate POSA2) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 

 

 
Figure A53: Antifungal activity of leaves from P. paniculata hexane crude extract 

against F. solani with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 

 

 
Figure A54: Antifungal activity of leaves from P. paniculata ethyl acetate crude extract 

against F. solani with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 
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Figure A55: Antifungal activity of leaves from P. paniculata methanolic crude extract 

against F. solani with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 

 

 
Figure A56: Antifungal activity of leaves from P. paniculata hexane crude extract 

against C. musae with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 

 

 
Figure A57: Antifungal activity of leaves from P. paniculata ethyl acetate crude extract 

against C. musae with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 
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Figure A58: Antifungal activity of leaves from P. paniculata methanolic crude extract 

against C. musae with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 

 

 
Figure A59: Antifungal activity of leaves from P. paniculata hexane crude extract 

against P. oryzae (isolate POSA1) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 

 

 
Figure A60: Antifungal activity of leaves from P. paniculata ethyl acetate crude extract 

against P. oryzae (isolate POSA1) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 
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Figure A61: Antifungal activity of leaves from P. paniculata methanolic crude extract 

against P. oryzae (isolate POSA1) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 

 

 
Figure A62: Antifungal activity of leaves from P. paniculata hexane crude extract 

against P. oryzae (isolate POSA2) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 

 

 
Figure A63: Antifungal activity of leaves from P. paniculata ethyl acetate crude extract 

against P. oryzae (isolate POSA2) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 
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Figure A64: Antifungal activity of leaves from T. procumbens hexane crude extract 

against F. solani with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 

 

 
Figure A65: Antifungal activity of leaves from T. procumbens ethyl acetate crude extract 

against F. solani with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 

 

 
Figure A66: Antifungal activity of leaves from T. procumbens methanolic crude extract 

against F. solani with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 
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Figure A67: Antifungal activity of leaves from T. procumbens ethyl acetate crude extract 

against C. musae with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 

 

 
Figure A68: Antifungal activity of leaves from T. procumbens methanolic crude extract 

against C. musae with different concentrations, where “ * ” indicates 

significant different from control medium only (p<0.05). 

 

 
Figure A69: Antifungal activity of leaves from T. procumbens hexane crude extract 

against P. oryzae (isolate POSA1) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 
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Figure A70: Antifungal activity of leaves from T. procumbens methanolic crude extract 

against P. oryzae (isolate POSA1) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 

 

 
Figure A71: Antifungal activity of leaves from T. procumbens hexane crude extract 

against P. oryzae (isolate POSA2) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 

 

 
Figure A72: Antifungal activity of leaves from T. procumbens ethyl acetate crude extract 

against P. oryzae (isolate POSA2) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 
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Figure A73: Antifungal activity of leaves from T. procumbens methanolic crude extract 

against P. oryzae (isolate POSA2) with different concentrations, where “ * ” 

indicates significant different from control medium only (p<0.05). 

 


