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Abstract 

Fungi are the major infectious agents of plant diseases causing significant economic loses to 

farmers and nations alike. These plant fungal diseases are mostly treated with synthetic 

chemicals. However, indiscriminate use of these chemicals has increased fungi resistance in 

plants; constitute residues in plants, their fruits and the environment, and consequently has 

negative impact on the health of consumers as well as the eco-system. This has led to the drive to 

search for plant bioactive chemicals which are biodegradable and eco-friendly. Organic 

products have been researched for use as safe alternative to the use of synthetic chemicals for 

use and management of plant diseases. The products are not harmful to the health of man and 

his environment. This paper reviews the bioactive compounds of plants for anti-fungal and bio-

fungicidal potencies for plant disease management and the mode of actions of these compounds. 

From the findings of this study, there are myriads of plant species with bioactive chemicals. This 

review also revealed that the bioactive compounds are capable of depleting the metals of the 

pathogens; make them loose their membrane integrity; compete with the fungal pathogen’s 

steroids to inhibit their spore germinations; cause damage to the fungal plasma membrane, DNA 

and cytoplasmic granulation, disrupt plasma membrane and leakage of cellular contents. The 

bioactive compounds also inhibit fungal ATpases, resulting to the dissolution of fungal 

chaperones and co- chaperones which are the second proteins of fungal cytoskeleton. The mode 

of actions of the bioactive chemicals show they are effective, without any destructive impact on 

the consumer and the ecosystem. Based on the findings in this review, the use of plant organic 

chemicals is recommended as sustainable alternative for the management of plant fungal 

diseases. 

 

Keywords: Eco-friendly, Fungal diseases, Organic products, Plant bioactive chemicals, Plant 

disease management. 
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Introduction 

Fungi are wide spread in nature and can be found either indoors or outdoors, occurring as 

saprophytes or pathogens. Phytopathogenic fungi are the primary agents of plant diseases 

causing alterations during developmental stages ranging from reproduction to harvest. In fruits 

and vegetables, there is a wide range of varieties of fungal genera causing quality problems 

related to nutritional value, organoleptic characteristics and limited shelf life (Agrois, 2004; 

Gonen etal, 1999; Lopes and  Martins, 2008; Maria, et al, 2019; Satish et al, 2007). 

 

Fungal infections cause significant losses in economic crops as their parasitism in plants account 

for approximately a half  or total economic losses in crop and post harvest management (Alfren 

and Van, 2001). Some frequently encountered plant fungal diseases include anthracnose, leaf and 

stem rusts, powdery and downy mildews, brown rots, angular leaf spots, white moulds by 

sclerotia sclerotiorum and lots more (Afolabi and Oke, 1981; Gavaric et al, 2015; Msu extention 

2002; Riad et al. 2014; Zaker 2014). 

 

Plant fungal diseases leave our agricultural forests, grasslands and urban landscapes diminished 

in economic values and beauty as they cause tremendous damages (Agrois, 2005). In order to 

curb these damages done to crop plants; farmers are continuously engaged in the indiscriminate 

usage of synthetic agro-chemicals. Most of these synthetic antifungal used in agriculture belong 

to the ‘azoles’ group. These azoles’ groups are grouped into two major types: Triazoles and 

imidazoles. The first group has a broad spectrum of actions, and its function is to inhibit sterol 

biosynthesis in the plant cell plasma membrane; resulting in the alteration of cell formation and 

structure; while the second group inhibit the cell division mechanism (mitosis) by disrupting the 

biosynthesis and the mitotic spindle consequently (Daniel et al, 2015; Diaz-Dellavalle et al,2011; 

Thompson 2002; Trosken et al 2004; Tzortzakis and Economakis, 2007). It is through this 

mechanism of action of azoles that food preservation in the plant against fungal growth and 

protection of the plant is made possible (Daferera, 2003; Daniel et al, 2015; Korres et al. 2011; 

Trosken et al, 2004). In this way, plants can be protected from fungal attacks by synthetic 

chemical actions, subsequent increase in crop yields. In spite of this advantage, the synthetic 

chemicals have greater disadvantages to the plants, consumers and the ecosystem. Toxic wastes 

in both plants and their fruits after chemical application reside in them and persistent usage of the 

plant produce soon raise concerns health wise on the consumers especially as fruits and 

vegetables are consumed in relatively short time after harvest. 

 

It has also been established by national academy for science (NAS) that synthetic chemical 

residues remain in food and could be carcinogenic and as such, are considered to be hazardous to 

human health and the ecosystem (Aala et al, 2010; Jassode Rodriguez et al, 2015; Thangavelu et 

al, 2013). Additionally, abuse and indiscriminate use of these chemicals could generate 

resistance in the phytopathogenic fungi (Aala et al, 2010; Hamowia and Safran, 1994; Zaker, 

2004). Since the synthetic chemicals are not biodegradable, they persist for years in the 

environment altering the organized nature of the environment. 

 

It was these negative impacts of the chemicals that actually gave rise to the drive to seeking for 

organic compounds which can quickly turn antifungal chemicals to organic molecules 
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(biodegradable) in the environment, therefore  interest became generated to researching organic 

and useful bio-products that can manage and control plant fungal diseases, thereby sustaining the 

human consumer health and eco-friendship. 

 

Based on the fore-goings, this paper reviewed plant bio-active compounds for antifungal and 

biofungicides; identified plant species which bioactive compounds are antifungal and 

biofungicidal; as well as review the mode of their actions and subsequent recommendations as 

safe alternative biodegradable, affordable, available and eco-friendly compounds to field 

inventories. 

 

Defects of Synthetic Field Inventories 

 

Chemical controls of most fungal diseases of plant maybe available and could extensively reduce 

the impact of the pathogenic attacks on plants; but field applications of these chemicals are not 

desirable owing to their adverse effect to consumers and the environment. Some of the defects 

include: 

1.) The chemical residues of the compounds persist for years both in the plant and their products 

and these have been identified as carcinogenic, posing health hazards to man and the 

environment where the residues remain for years and are considered as non eco-friendly. 

2.) The indiscriminate use generates pathogen-resistance to the chemicals. 

3.) They are not readily biodegradable. 

4.) They cannot be used for organic fruit production along the lawns. 

5.) High cost; cost about 20% of the production cost is spent on synthetic chemicals. 

6.) The increasing demands of production and the regulations on the use of agro-chemicals 

(Harris et al., 2001; Hof, 2001). 

 

New antifungal compounds, with distinct mode of actions, such as the ability to turn the bio-

active compounds into organic molecules are sought for from plants. These plants with the bio 

active compounds, however, are sought for alternative use (Afolabi and oke, 1981). 

 

The Preference For Plant Bioactve Chemicals 

 

In order to reduce and possibly exclude the use of synthetic chemical antifungal, the need to 

study the bio-products and their sources which exhibit antifungal and biofungicidal potentials is 

very important; hence plants have physiological properties or defense mechanism which 

functions allow them metabolize active compounds generating protection against pathogens, 

thereby preventing pathogen invasions (Maria Fernanda et al, 2019). In addition, the metabolites 

are not harmful to health neither do they constitute ecological hazards. These are therefore 

considered as an excellent alternative for the management of phytopathogenic fungi (Bennett and 

Wallsgrove, 1994). 

 

Anti –fungal Bioactive Compounds 

 

Higher plants are rich sources of bioactive chemical compounds, some of which are from 

aromatic and medicinal plants. These compounds occur as secondary metabolites in a wide range 
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of variety. Plant secondary metabolites have great potentials as a source of effective antifungal 

agents (Rocha et al, 2004). These compounds are obtained from the plant extracts. 

 

Plant extracts and essential oils contain secondary compounds metabolized by plants. These 

compounds are stored in plants cell vacoules, such that when those plant materials (leaves, roots, 

buds, flowers) are used in form of extract from the materials, they have the potentials for 

antifungal and biofungicides. 

 

Plant secondary metabolites are basically grouped into three; according to their biosynthetic 

origins, as: 

1.) Terpenoids (nitrogen –containing compounds) 

2.) Phenyl-propanoids (phenolic compounds). 

3.) Cyanohydrins (Croteau et al, 2000). 

 

The most important building blocks employed in the biosynthesis of plant secondary metabolites 

are derived from acetyl coenzyme A; Shikimic and Malvalonic acids and 1-doxyxylulose-5-

phosphate utilized in the acetate shikimate, mevalonate and deoxy-xylulase phosphate pathways 

(Croteau et al, 2000; Dewicks 2002). Several reports indicate that these compounds possess 

antifungal potencies. The plant tissues could be the roots, stems, barks, leaves, fruits, buds stalks 

or pods (Davicino et al, 2002). 

 

The plant materials could also be used in form of powder to control plant fungal pathogens or 

preserve the shelf lives of post-harvest products (Okogbule and Chuku, 2019). These organic 

bioactive compounds consist of low molecular weights and are regarded as non-essential in 

sustaining plant life; but crucial for the survival of the producing organisms (Hadacek, 

2002).These compounds are frequently accumulated by plants in smaller quantities than the 

primary metabolites (Croteau et al, 2000; Dewick, 2002). 

 

There are several examples from literature of the active compounds within plant extracts and 

essential oils which can produce the intended effect on plant pathogenic fungi (Crotoras et al, 

2004; De-lange et al, 1976; Gillitzer et al, 2012). 

 

These bioactive compounds include: indole-type of alkaloids, malicin, nemaazals, tannins, 

flavonoids, coumarins anthraquinones, lectins monoterpene polypeptides, citral, resins, 

glycocides, saponnins, gums, phenolic compounds, essential oils, for instance, thymol (carvacrol 

monoterpenoid phenol with odour, Oregano (oreganum vulgare). These compounds have 

antifungal potencies against Botrytis cinerea and Fusarium species. They can also be used 

individually as fungicides for fruits and vegetables pathogens. Also, T-muurolol and α-cadinol 

compounds from Calocedrus macrolepsis var formason oil exhibit antifungal effect  on 

Rhizoctonia solani and F. oxysporium. More of the compounds can inhibit the mycelial growth 

of F. Solani, Pestalotiopsis funerea, Colletothricum gleosporiodes and Ganoderma austrate. 

This implies that these two compounds (T-muurolol and α-cadinol) could also be used as a 

natural bio-alternative control against a broad spectrum of plant pathogenic fungi (Maria 

Fernanda et al, 2019; Chang et al, 2013 Martinez, 2012; Romanazzi et al, 2012; Armah et al, 

1999; Adrian, 1976 and 1977). 
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Biofungicidal Bioactive Compounds 

 

Chemical control of most fungal diseases of crop plants may be available and could extensively 

reduce the impact of plant diseases; but field application of synthetic fungicides may not always 

be desirable due to their hazardous effect on human health and the impact of their residues on the 

ecosystem (Zaker, 2014). 

 

Natural or organic products from plant bioactive compounds (as biofungicides) have been found 

effective in plants disease management and could be safely incorporated as suitable alternatives 

for synthetic fungicides. It is estimated that there are more than 250,000 higher plant species on 

earth that can be evaluated for their ant-microbial bioactive chemical compounds. Over some 

decades, researchers have evaluated plant extracts and essential oils against plant pathogens, yet 

efforts are still needed for production of more commercially botanical fungicides in near future 

(Zaker, 2014; Farombi, 2003). These compounds are biodegradable and eco friendly. They are 

organic in origin and have minimal (if any) adverse effects on the physiological processes of 

plants and are easily convertible into common eco-friendly organic materials (Gnanamanickam, 

2002). 

 

Plant extracts, essential oils, gums, resins etc have been shown to exert biological activity against 

plant fungal pathogens. The bio-fungicide could be tried and used both in vivo and in vitro 

(Fawzi et al, 2009; Jalile et al, 2010; Romanazi et al, 2002). 

 

There are several reports on the efficacy of these bioactive plant products in managing fungal 

growth in plants as well as mycotoxin production. Some common instances include: cinnamon, 

clove, oregano, Palma Rosa and lemongrass oils (Marin et al, 2004); tea tree oil (Burgiel and 

Smaglowski, 2008); common thymes, cinnamon leaf ani seed oils (closic et al, 2010); basil, 

neem, eucalyptus, dalura, garlic and oleander extracts (Nashwa and Abo-Elyousr, 2012; Lambers 

et al, 2000). Thymol and carvacrol seem to be the most potent active constituents against plant 

fungal pathogens that have been reported (Numpaque et al 2011; Shin et al, 2014; Villaanueva et 

al 2015; Gevaric et al 2015: Balakumar et al, 2011). 

 

It has also been reported of the extracts of clove bud, cinnamon, ginger, black pepper, garlic and 

onion have effects on Aspergillus niger (Avasthi et al, 2010). The combinations of neem, China 

berry, garlic, tumeric extracts controlled the growth of Fussarium oxysporium and Rhizoctonia 

solani (Hadian, 2012). Tsao and Zhou (2000) also repored that extracts combinations of 

carvacrol, eugenol, citronellol, geraniol, Citral, perillyl and mentol was potent in controlling 

Monilinia fructicola and Botrytis cinerea. (Zaker and Mosallanejad, 2010). 

 

Plant Species With Bioactive Anti Fungal and Biofungicidal Potencies Against Plant 

Diseases 

 

Right from antiquity, plants have been known and used as bioactive compounds, sometimes in 

folk medicines and food preservatives. Some aromatic and medicinal plants known as herbs and 

spices contain many biologically active compounds. Extracts and essential oils of plant tissues 
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have been reported effective against many pathogenic fungi. These plant species among the 

many thousands include: many Species of Asteraceae, Piperaceae among which are: Piper 

angustifolum Lam, Blumed baisamifera, Campotheca acuminata, Capsicum frutescens, Ficus 

exasperata, Brassica compestris, Ageratum conyzoides, Azadirachta indica, Cassia toria, 

Catharanthus roseus, Aloe vera, Phyllanthus amarus Moringa oleifera, Euphorbia tirucalli, 

Pongnia pinata, Piper nigrum, xylopia aethiopicum, Aegle marmelos, Agapanthus africanus, 

Brazillian savanna plant, Flourcusia microphyll, Acalypha indica, Zingiplus jujube, Vitax 

agundu, Tagetes natula, Xylotteca krausiana, Zuccagnia brazillian, Cymbopogon retinophutta, 

oregano, anise, cinnamon, Rosemary, sage artemisa anuua, etc. There are over 250,000 plant 

species with bioactive potencies (Ikpene et al, 2013; Eferpi et al, 2012; Nmom and Ajuru, 2019; 

Dellavalla et al, 2011; Cotoras, 2004; Lec et al, 2007). 

 

Mode of Actions of The Plant Bioactive Compounds in The Control of Pathogenic Fungi 

 

It is severally reported as this study also reveals that a variety of plant bioactive compounds 

which occur as plant secondary metabolites have antifungal and biofungicidal potencies against 

phytopathological pathogens it is important to report the mode of actions of the revealed 

compounds in order to take bioactive chemical studies to elaborate state. 

 

Engelmeier and Hadacek (2006), reported that plant bioactive compounds act on the 

phytopathological pathogens by interfering with the molecular targets in the pathogens tissues 

and cells. They also added that the major targets are the fungal biomembrane, proteins and the 

nucleic acid. 

 

Nmom and Ajuru (2019) reported that saponins, tannins, resins, glycosides, flavonoids and 

anthracquinones extracted from the leaves of Ficus exasperata on Vernonia amygdalina (bitter 

leaf plant) were effective by inhibiting cutinases and laccases production by the phytopathogenic 

fungi. 

 

Davidson (1997) also reported that the toxicity action pathway of tannins attack fungal 

pathogens directly on the cell membrane by metal depletion of the attacking pathogen. Fungi 

attack plant cutins by synthesizing cutinases and laccases; and according to Goetz et al (1999) 

and Bostock et al(1999), the plant bioactive compounds when applied, act by inhibiting the 

production of cutinases and laccases pathways with which the pathogen uses to degrade the plant 

cell walls for further destructions; but by the inhibition of the synthesis of the enzymes, the 

bioactive chemical efficiently protect the plant from  fungal damages on the crop plant. 

 

Keukens et al, (1992) proposed that steroidal glycol alkaloids in plant extracts was effective 

against plant fungal pathogens by interfering with the fungal membrane integrity. They also 

reported that saponin-steroids complex interacts with sugar residues of the saponin molecules for 

greater reactions. This is because the sugar chain attached to C-3 is usually critical for both 

membranes. (plant/pathogen) permeability and the antifungal chemicals in saponins, hence 

according to them; care must be taken when extracting the plant materials, so as not to remove 

the sugar residues which may result in biological inactivity of the bioactive chemical. 
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Bar-Nun and Meyer (1990) reported that the cyclic triterpenoids (also known as saponins) in 

form of steroids, steroidal alkaloids glycosalate and cucurbitacins I and D are effective to hinder 

the induction of extracellular laccase formation of some fungi such as Botrytis cinerea. They 

added that the extracts of Ecballium elatrium is a ready source of cucurbitacins I which was 

applied to cabbage and cucumber fruits and plants before inoculation with B. cinerea; prevented 

and restricted the fungi to the site of infection without spreading. This implies laccase formation 

by the fungus. It also implies that the bioactive chemical in E elatrium extract acted majorly by 

phytoauticipin. According to Zhao et al, (2010), Mechanism of action of cucurbitacins I lies in its 

ability to complex with the steroids of the fungal membrane. 

 

Luo et al (2002) proposed a mechanism of action of monoterpene citral against Aspergillus 

flavus indicating that when the bioactive chemical penetrates the fungal cell; it causes an 

irreversible damage to the fungal plasma membrane and the DNA which consequently makes the 

fungus to fail in spore germination. 

 

In the same vein, Ito et al (2005) also reported that the plant extracts which contains saponin in 

the form of tomatin forms a complex with fungal membrane sterol with free hydroxyl group and 

the complex result in pore formation and subsequent loss of fungal membrane integrity. 

 

Another evidence of mechanism of actions of bioactive chemicals on phytopathogenic fungi is 

that presented by Brostock (1999). This showed that the phenolic compounds in form of 

chlorogenic acid and caffeic acid which are commonly accumulated in the epidermis and 

subtending plant cell layers; when compounded as plant extracts, inhibit the formation of oxidase 

of the attacking pathogen, as reported in Brown rot fungus; Monilia fructicola. Stilbene oxidase 

is an enzyme synthesized by fungi to render plant phytoalexin (stilbene) effective; so the 

presence of bioactive compound in plant extract inhibits its formation thereby ensuring safety of 

the host plant. 

 

Harris and Dennis (1976 and 1977) reported that terpenoid type; a bioactive chemical causes the 

zoospores of Phytophthora infestans, P porri and P cactorum to develop cytoplasmic 

granulations disruptions of plasma membrane and leakage of cellular contents. 

 

It was also reported that these mechanisms of actions in the presence of terpenoids was observed 

in fungal cells treated with isoflavonoids in the form of phaseolin and kelvitone (Vanitten and 

Batemcm, 1971).It was reported as well that hydroxyl stilbene that occur in form of resveratrol 

and piceatannol have the potency to inhibit fungal ATpases, resulting in the dissociation of 

chaperone and cohaperones; the second proteins frequently associated with fungal cytoskeleton 

(kindl, 2000). 

 

It had been indicated that several alkaloids affect biological actions on fungal pathogens of plants 

at very low concentrations. Alkaloids in form of allosecurinine contained in plant extracts of 

Phyllanthus amarus inhibited spore germinations of some fungi such as Heterosporium species, 

Curvularia lunata and Colletotriclum musal (Andrian et al, 1997; Pezit and pout 1990). This fact 

was also reiterated by Singh et al, (1995). 
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For an easy comprehension of the mode of action of plant bioactive chemicals, we do reference 

the pattern of Zaker (2014) to reflect in a tabular form. 

 

Name Of Bioactive chemical      Mode of actions 

1. Akaloids Interact into cell wall for disruptions and leakage of cellular 

contents. 

2. Tannins  Bind to protein enzymes of the pathogen,to inhibit the enzymes 

and cause substrate deprivation. 

3. Terpenoids Disrupt the fungal pathogen membrane. 

4. Lectins  Form disulphide bridges 

5. Flavonoids Bind to adhesions, complex with cell wall and inactivate fungal 

enzymes. 

6. Coumarins Interact with the fungal DNA for disruptions. 

7. Polypeptides  Also form disulphide bridges. 

8. Essential oils Disrupt fungal membranes. 

9. Simple Phenols Disruption of membrane and deprive the pathogen of substrates. 

10. Phenolic acid Bind to adhesion, complex with cell wall and inactivate fungal 

enzymes. 

Adapted from Cowan (1999). 

 

Conclusions 

 

This review supplied among other information, plant species that contain bioactive chemicals, 

chemicals involved as well as the mode of actions of the chemicals; 

The study had shown that the toxicity of the chemicals 

(1) Act directly on fungal pathogen 

(2) The chemicals deplete ions in the pathogen 

(3) Inhibit the attacking fungi enzymes 

(4) Can complex with fungal steroids to inhibit spore germinations. 

(5) The bioactive chemicals cause damage to the fungal plasma membrane and DNA. 

(6) They can make fungi loose their membrane integrity. 

(7) Stop the formation of stilbene oxidase of the fungi 

(8) They can cause cytoplasmic granulation, disruption of plasma membrane and leakage of 

celluler contents. Above all, the plant biochemical compounds can inhibit fungal 

ATPases resulting to the dissolution of fungal chaperone and co haperones; the second 

proteins of fungal cytoskeleton. 

 

Finally, if these plant bioactive compounds have these great potencies with no risk on the 

ecosystem nor hazard on consumer’s health; then the option of replacing synthetic agrochemicals 

with plant product formulations fits better with food security policies. Based on this revi`ew, it is 

recommended that these bio-formations should be used against the elaborate use of field 

inventories. They are safe biodegrables, ecofriendly alternative to be commercially embraced by 

farmers to exclude agro-chemicals in the near future. 
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