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Abstract  

Seeds associated to fungal pathogens are efficient vehicles for disease dissemination in the field. Such pathogens 

affect the seed quality and longevity, causing a decrease or loss of germination, discoloration, necrosis, and decay, in 

addition to leading to the production of mycotoxins in some pathosystems. To control them several synthetic 

chemicals are used. Nevertheless, the use of synthetic chemicals poses a risk to human health and the environment. 

Therefore, there is a growing demand for the use of alternative methods for the treatment of seeds, such as plant 

extracts. This review evaluated the use and efficacy of plant extracts for the control of fungal pathogens associated to 

seeds. Some control methods are used in seed treatment, plant extracts stand out due to the secondary metabolic in 

their constitution, which inhibit pathogen growth. The literature review showed that 100% of the studies reported that 

plant extracts were efficient to control the different pathogens evaluated, 63% stated an increase in seed germination, 

21% reported no change in germination, 5% mentioned negative interference, and 11% did not evaluate the use of 

plant extracts. The aqueous extracts were used as extractors in 72% of the studies. Plant extracts were reported as 

promising to replace synthetic fungicides in 33% of the studies; however, 67% did not compare their use. 

Nevertheless, efficient extraction methods are required, considering low persistence and volatilization of plant extracts 

in the field. Plant extracts are efficient to control fungal pathogens. 

Keywords: Seed-borne fungi; Plant extracts; Secondary metabolites. 
 
Resumo 

Sementes associadas a patógenos fúngicos são veículos muito eficientes para a disseminação de doenças no campo, 

tais patógenos afetam a qualidade e longevidade das sementes causando diminuição ou perda da germinação, 

apodrecimento, necrose, produção de micotoxinas, descoloração e aborto das sementes. Para controlá-los vários 

produtos químicos sintéticos são utilizados. No entanto, causam riscos à saúde humana e ao meio ambiente. Sendo 

assim, é crescente a procura e utilização de outros métodos alternativos e que demonstram ser mais eficientes para o 

tratamento das sementes, um deles são os extratos vegetais. Dessa forma, esta revisão buscou avaliar o uso e 
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eficiência de extratos vegetais no controle de patógenos fúngicos associados as sementes.  Entre as formas de controle 

utilizadas no tratamento das sementes os extratos vegetais se destacam, pois devido a presença de metabólicos 

secundários presentes nas plantas limitam o crescimento de organismos patogênicos. Entre as pesquisas analisadas 

100% afirmaram que os extratos de plantas foram eficientes no controle dos patógenos, 63% proporcionaram aumento 

na germinação das sementes, 21% relataram que não houve mudança na germinação, 5 % relataram interferência 

negativa e 11% não avaliaram. Entre os extratores utilizados, 72% utilizam o aquoso, 33% afirmam ser promissor 

para substituição dos fungicidas sintéticos e 67% não analisaram. Porém, para sua utilização deve-se utilizar métodos 

de extração eficientes, assim como, deve está ciente das sua baixa persistência e volatilização em campo. Logo, os 

extratos de plantas são eficientes no controle de patógenos fúngicos. 

Palavras-chave: Doenças de sementes; Extratos vegetais; Metabólitos secundários.  

 

Resumen  

Las semillas asociados con los hongos patógenos son vehículos muy eficientes para la diseminación de enfermedades 

en el campo, tales patógenos afectan la calidad y longevidad de las semillas. Para controlarlos se utilizan diversos 

productos químicos sintéticos. Sin embargo, plantean riesgos para la salud humana y el medio ambiente. Por lo tanto, 

está aumentando la búsqueda y el uso de otros métodos de tratamiento tratamiento alternativo, uno de ellos son los 

extractos de plantas. Por lo tanto, esta revisión buscó evaluar el uso y la eficiencia de extractos de plantas en el control 

de patógenos fúngicos asociados con semillas. Entre las formas de control utilizadas en el tratamiento de semillas 

destacan los extractos de plantas, debido a la presencia de metabolismo secundario presente en las plantas. Entre las 

encuestas analizadas, el 100% afirmó que los extractos de plantas fueron eficientes en el control de patógenos, el 63% 

proporcionó un aumento en la germinación de la semilla, el 21% informó que no hubo cambio en la germinación, el 

5% informó interferencia negativa y el 11% no la evaluó. Entre los extractores utilizados, el 72% utiliza el acuoso, el 

33% afirma ser prometedor para reemplazar fungicidas sintéticos y el 67% no lo analizó. Sin embargo, para su uso se 

deben utilizar métodos de extracción eficientes, además de ser consciente de su baja persistencia y volatilización en 

campo. Por lo tanto, los extractos de plantas son eficaces para controlar los patógenos fúngicos. 

Palabras clave: Enfermedades de las semillas; Extractos vegetales; Metabolitos secundarios.  

 

1. Introduction 

Pathogens associated to seeds are efficient vehicles to disseminate diseases. This association also favors pathogen 

survival for a longer period, compromising seed quality and longevity and resulting in germination failure (Mancini et al., 

2016; Chowdhury et al., 2015). Many fungi can attack different seed genera, such as Alternaria Nees, Aspergillus P. Micheli, 

Cercospora Fresen. ex Fuckel, Cochliobolus Drechsler (as – Bipolaris), Curvularia Boedijn, Drechslera S. Ito, Fusarium 

Link, Penicillium, Pyricularia Link, Pythium Nees, Rhizoctonia DC, and Rhizopus Ehrenb. (Pushpavathi et al., 2017). Some 

fungi start the infection process in the field, while others infect only under storage conditions (Amza, 2018), which generally 

determines the pathogen location in the seed, the type of infestation or infection, and consequently types of damage (Baker & 

Smith, 1966). 

Pathogens in field crops usually transmit disease from seeds to seedlings and even to the adult plant (Gaur et al., 

2020), causing different symptoms. Wheat pathogens are Fusarium spp., Drechslera spp., Septoria Sacc. spp. and some 

nematode species. Rice pathogens are Pyricularia oryzae Cavara, Bipolaris oryzae (Breda de Haan) Shoemaker (as – 

Drechslera oryzae) and corn pathogens are Botryosphaeria Ces. & De Not. spp. (as – Diplodia spp.), Drechslera spp., and 

Fusarium spp. (Neergaard, 1977). In forest species, seedling drops are the most common symptoms, caused by pathogens 

Cylindrocladium Morgan spp., Fusarium spp. and Rhizoctonia solani J.G. Kühn. (Parisi et al., 2019). 

Chemical treatment is often used in pathogen control to mitigate damages to seed germination, preventing 

transmission to adult plants. Many classes of fungicides have their efficacy proven and registered, such as triazoles (DMI), 

phenylpyrroles (PP), phenylamides (PA), benzimidazoles (MBC), and strobilurins (QoI) (Zeun et al., 2013).  

Several methods are suggested to reduce the use of synthetic products, such as physical, microbial treatment, and 

treatment with natural agents (Koch & Roberts, 2014). Regarding natural agents, plant extracts has been intensively studied, 

because they are environmentally friendly, easily decomposed, and non-toxic to humans (Choudhury et al. 2018; Ogungbemile 
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et al., 2020). The use natural agents in seed treatment appears as an option for the control of fungal diseases (Ahad et al., 

2018). 

Many extracts have already been tested, such as Momordica charantia L. (Shokouhi and Seifi 2020), Allium sativum 

L. (Araújo et al., 2019; Pascuali, 2018), Cinnamomum zeylanicum Blume and Ocimum basilicum L. (Dourado et al., 2020), 

Pyrus communis L., Mentha longfolia (L.) Huds., Calendula officinalis L., and Chenopodium album L. (Dar et al., 2018). 

Therefore, studies have investigated the sanitary quality of seeds (Lima et al., 2020), showing that plant extract is a promising 

alternative for pathogen control associated with seeds, reducing costs and impacts to the environment (Silva et al., 2019). 

Many studies have been conducted to investigate the use of synthetic chemical products for disease management in 

seeds (Sartori et al., 2020; Scott et al., 2020; Shcherbakova et al., 2021). Nevertheless, studies on plant extracts for disease 

management are still incipient and further investigations are needed to provide alternative tools to synthetic products that are 

ecologically viable. Therefore, we hypothesize that extract of some plant species can reduce incidence and severity of fungal 

diseases, reducing seed losses. This review assessed 18 scientific articles on this topic to validate plant extracts as efficient in 

disease management associated with seeds. 

 

2. Methodology  

The methodology used in the study was a literature review, in which the authors established selection criteria based on 

the theme and year of publication. The selected literatures were national and international, through search platforms: SciELO, 

ScienceDirect, Elsevier, PubMed, SpringerLink and CAPES Journal. Several search terms were used, but all referring to seed 

pathology, seed technology, and phytopathology such as: “Seed-borne diseases”, “plant extracts in seed treatment”, “fungal 

pathogens in seeds”, and “seed pathogen control”. The survey of studies that use plant extracts to control pathogens in seeds 18 

scientific articles were accessed between the periods of 2015 to 2021. 

 

3. Development  

3.1 Main fungal pathogens causing seed diseases 

Pathogens propagated by seeds cause significant losses in seed yield and quality, resulting in low germinability and 

even damage to seedlings (Sarika et al, 2019). Many fungi are pathogenic to seeds, both in the field and during storage (Siegel 

& Babuscio, 2011). In the field, these pathogens can settle in the seeds even before storage and their growth occurs when the 

relative humidity is high, around 90-95%, and the seed moisture content is between 20 and 25% (Santos et al., 2016). 

Therefore, storage conditions are crucial to ensure seed sanitary quality. 

Most storage pathogens of seeds belong to the genus Penicillium, Aspergillus, and Rhizopus, which grow rapidly, 

deteriorating and making seeds unsuitable for consumption and planting (Shamsi & Khatun, 2016). Mota et al. (2017) analyzed 

34 samples of Phaseolus lunatus L. and found the presence of 22 fungal genera in which Aspergillus spp., Penicillium spp., 

Curvularia sp. and Monilinia Honey sp. represented 63.76% of the colonies. Shamsi & Khatun (2016) studied nine varieties of 

Cicer arietinum during storage and reported the occurrence of Alternaria alternata (Fr.) Keissl., Aspergillus flavus Link, A. 

niger Tiegh, A. fumigatus Fresen., A. nidulans (Eidam) G. Winter, Curvularia lunata (Wakker) Boedijn, Penicillium sp., 

Rhizopus stolonifer and Trichoderma virid. Ibrahim et al. (2017) reported changes in the viability of wheat seeds during 

storage for 18 months, in which the longer storage period decreased storage fungi, namely Alternaria triticina Prasada & 

Prabhu, Bipolaris sorokiniana Shoemaker, Fusarium spp. However, there was an increase in storage fungi Aspergillus spp. and 

Penicillium spp. In addition, Botrytis P. Micheli is a necrotrophic genus and some species can behave as a pathogen, infecting 

plants and seeds (Elad et al., 2016), causing gray mold, an important seed-borne disease (Taheri et al., 2020). 
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Field fungi, belonging to the genera Alternaria, Cladosporium Link, Fusarium, Helminthosporium Link, and 

Aureobasidium Viala & G. Boyer (as – Pullularia), contaminate seeds developing on the mother plant or after seed maturation, 

as seed moisture contents are lower than the contents required by field fungi during storage (Christensen & Kaufmann, 1965). 

Nayyar et al. (2018) evaluated Fusarium species associated with Sesamum indicum L. seeds and found that Fusarium 

proliferatum (Matsush.) Nirenberg was the most frequent and severe isolate. Soomro et al. (2020) reported that seeds transmit 

most diseases that affect Brassica napus L. and Alternaria brassicicola (Schwein.), Alternaria alternata, Curvularia lunata, 

and Fusarium spp. are the most important. Naqvi & Rehman (2013) reported that the fungi associated with sorghum seeds 

worldwide are Alternaria alternata, Aspergillus flavus, A. fumigatus, A. niger, Cladosporium spp., Fusarium fujikuroi 

Nirenberg (as – Fusarium moniliforme), F. oxysporum Schltdl, F. pallidoroseum (Cooke) Sacc., Curvularia spicifera (Bainier) 

Boedijn (as – Drechslera tetramera), Nigrospora Zimm. spp., Phoma Sacc. spp., and Rhizopus spp. Gaur et al., (2020) 

emphasize that fungi Alternaria spp., Bipolaris spp., Curvularia spp., and Fusarium spp. infect seeds of brassica, barley, rice, 

and sorghum, respectively, while fungi Drechslera spp., Bipolaris spp., and Septoria spp. (Gaur et al., 2020) occur in cereal 

seeds. 

 

3.2 Fungal pathogen damage in seeds 

Seeds can be pathogen vectors that contaminate disease-free areas (Baker & Smith, 1966; Bisen et al., 2014; Shade et 

al., 2017). Pathogens can occur on the seed surface or inside the tissues, characterized as endophytes (Barret et al., 2015). In 

leafy vegetables, contamination of a small number of seeds is enough to trigger high incidence of the disease in the production 

area and Fusarium oxysporum Schltdl and Verticillium dahliae Kleb are some of the most common pathogens (Koch et al., 

2014).  

Pathogens in seeds, acting externally and internally, can cause seed discoloration, shrinkage (Gaur et al., 2020), seed 

abortion, rot, necrosis, decrease or loss of germination capacity, damage to seedlings as well as diseases in the later stages of 

plant growth (Naqvi & Rehman, 2013). When they infect the seeds internally, fungi destroy the endosperm and embryo, 

compromising germination and development of seedlings (Michelle et al., 2010). 

 According to Hendrix and Campbell (1973), fungi of the Pythium Nees genus infect seeds and seedlings before 

emergence, resulting in damping-off in pre-emergence, while Cercospora kikuchii (Tak. Matsumoto & Tomoy.) M.W. Gardner 

causes seed discoloration (Alloatti et al., 2015). In soybean (Glycine max L.), Pythium Nees causes a purple spot (Upchurch & 

Ramirez 2010) and, when inside the embryonic tissues, it causes necrosis of cotyledons and vascular elements (Pathan et al., 

1989). The fungi Fusarium fujikuroi (as – Fusarium moniliforme), F. oxysporum and Penicillium spp. also cause seed rot 

(Debnath et al., 2012). 

Khare et al. (2017) report that pathogens Pythium spp., Alternaria alternata, Fusarium spp., Macrophomina 

phaseolina (Tassi) Goid. (as – Rhizoctonia bataticola), R. solani J.G. Kühn, Athelia rolfsii (Curzi) C.C. Tu & Kimbr. (as – 

Sclerotium rolfsii) and Macrophomina phaseolina cause seed rot of Coriandrum sativum L. Strains of genus Curvularia infect 

seeds internally and externally, causing pre- and post-emergence mortality. When Curvularia lunata occurs in Dalbergia 

sissoo Roxb seeds, it causes black or opaque discoloration affecting germination and viability of seeds and seedlings (Gupta et 

al., 2017). 

Etaware (2019) studied morphological changes caused by fungi in seeds of Colocynthis Citrullus Linn. during storage 

and reported that Lichtheimia corymbifera (Cohn) Vuill. (as – Absidia corymbifera) and Penicillium spp. caused 

decomposition and mummification of melon seeds. Cladosporium spp. and Aspergillus fumigatus degraded the hilum and A. 

flavus, Curvularia spp. and Cladosporium spp. caused total discoloration of the integument of stored melon seeds. In wheat, 
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different species of the Fusarium genus caused loss of grain yield, stand reduction, and seed rot (Laram et al., 2020). On the 

other hand, Fusarium proliferatum in sesame caused damping-off, reducing seedling growth and vigor (Nayyar et al., 2018). 

Seed-associated pathogens can also produce mycotoxins that cause diseases in humans and animals, feeding on seeds 

directly or indirectly (Karaca et al., 2017). Most of these mycotoxins are potentially carcinogenic, teratogenic, tremorogenic, 

nephrotoxic, immunotoxic or hemorrhagic, and cause fungal contamination in oilseeds, resulting in the presence of mycotoxins 

in the extracted oil (Bhat et al., 2015). Fungi of the genera Aspergillus, Fusarium and Penicillium are mycotoxin producers 

(Bhat et al., 2010). 

 

3.3 Forms of disease control 

Treatments to protect seeds from pests and diseases have been used for centuries. For example, in the year 1600, 

wheat seeds were already treated with salt to help control wheat rust (Hitaj et al., 2020). Historically, synthetic fungicides were 

developed using compounds containing sulfur, copper, and mercury (Mancini et al., 2013). Mercury-based treatments are 

Phenyl Mercury Acetate (PMA), Methoxyethyl Mercury Chloride (MEMC), Ethyl Mercury Chloride (EMC), Mercury 

Chloride, and Mercuric Eoxide. Non-mercurial treatments are Thiram, Captan, Carbendazim, Metalaxyl, copper carbonate, 

copper sulfate, and cuprous oxide (Kunta et al., 2020). 

In recent years, different control methods have been used for seed treatment. According to Spadaro et al. (2017), there 

are other treatments for pathogen control in seeds besides the use of synthetic chemicals. Physical treatments include 

mechanical, thermal, ultrasonic, and radiations and use inorganic natural products, such as copper, phosphate, sulfur 

bicarbonates, clay, and potassium. There are also treatments with antagonistic microorganisms, such as filamentous fungi, 

yeasts, and bacteria as biocontrol agents as well as the use of resistance-inducing compounds, such as elicitors and natural 

organic compounds, such as plant extracts and essential oils. 

In physical treatments, the use of hot water, hot air, and electrons are more frequent. In biological treatments, 

biological control agents (BCAs) are used, which include fungi and bacteria (Mancini et al., 2013). Jiao et al. (2016) proved 

that radio frequency (RF) heating assisted by hot air has the potential to inhibit fungi and ensure biochemical and physiological 

quality of grain seeds. Carvalho et al. (2011) studied the effect of Trichoderma harzianum Rifai isolates as biocontrol of 

pathogens in bean seeds (Phaseolus vulgares L.) and proved that these isolates are efficient to reduce incidence of Aspergillus, 

Cladosporium, and Sclerotinia sclerotiorum (Lib.). Lima et al. (2016) evaluated the effect of plant extracts and essential oils in 

the control of Alternaria alternata and A. dauci in Daucus carota L. seeds and observed that garlic extract and orange essential 

oil showed potential to control both pathogens. 

However, both synthetic and natural chemical methods must meet some requirements for an effective seed treatment. 

Treatments should be able to reduce the number or transmission rate of target pathogens to acceptable numbers without 

decreasing seed germination or vigor and storage capacity and be less toxic to humans, animals, and the environment (Koch & 

Roberts, 2014). Treatment efficacy depends on the internal infestation degree of the seed, the amount of inoculum in the lot, 

specificity, and the treatment phytotoxic potential (Du Toit, 2004). 

 

3.4 Are plant extracts effective for the control of fungal pathogens in seeds? 

In this review, we evaluated 18 articles on the use and efficacy of plant extracts for the control of fungal pathogens in 

seeds of cultivated plants. The literature survey showed that 100% of the articles reviewed report that plant extracts were 

effective to control pathogens. However, there is a difference in the efficacy level between each extract. In addition, 63% of 

the studies reported an increase of seed germination, 21% reported no change in germination, 5% reported negative 

interference, and 11% did not evaluate the effects of plant extracts on seed germination. Among the extractors used to prepare 
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the extracts, 72% of the studies mentioned the use of aqueous extracts, 11% used ethanol, and 5.55% used citric, alcoholic, and 

citric acid + sodium benzoate + potassium sorbate and propylene glycol + water + sodium benzoate + potassium sorbate (Table 

1). 

Borges et al. (2018) state that plants have in general secondary metabolites responsible for the synthesis of several 

bioactive substances, which limit growth of other plants and protect against insects and pathogens, showing thus efficacy in 

disease management. Plant extracts contain large amounts of these bioactive substances, such as alkaloids, cyanogenic 

glycosides, glucosinolates, lipids, phenolics, terpenes, polyacetylenes, polythiens, tannins, phenols, resins, volatile and fixed 

oils that are stored in specific plant structures, such as in leaves, bark, seeds, fruits, and roots (Gupta et al. 2012; Borges et al. 

2018). 

The methods to extract these compounds must be effective, providing good extraction yield and efficacy (Gupta et al., 

2012). Many solvents are used for the extraction of these compounds, such as water, methanol, ethanol, ethyl acetate, and 

others; however, the right solvent should be chosen for each extraction to have the best results (Ong et al., 2021). Raw water or 

alcohol are extractors usually used to select plants with possible antimicrobial activity (Yazdani et al., 2011). 

According to Satish et al. (2007), aqueous extracts of Acacia nilotica L., Achras zapota L., Datura stramonium L., 

Emblica officinalis L., Eucalyptus globules L., Lawsonia inermis L., Mimusops elengi L., Peltophorum pterocarpum L., 

Polyalthia longifólia L., Prosopis juliflora L., Punica granatum L. and Sygigium cumini (L.) Skeels were effective to control 

Aspergillus sp. in sorghum, corn, and rice seeds. Aqueous extracts of Moringa oleifera Lam leaves in Vigna uniguculata L. 

seeds are efficient to control  
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Tabela 1: List of studies using plant extracts to control seed pathogens. 

Plant extract Extractor Studied seed Evaluated pathogens Efficiency in 

pathogen control 

Interference in seed 

germination 

Promising 

for 

replacing 

fungicides 

References 

Aloe vera L., Allium sativum 

L., Annona muricata 

L., Azadirachta indica 

A.Juss, Bidens pilosa (L.) 

Griseb, Camellia sinensis (L.) 

Kuntze and Chrysanthemum 

coccineum Willd. 

Aqueous 

 

 

 

 

 

 

Oryza sativa 

L. 

Pyricularia grisea 

Cooke ex Sacc 

Yes Positive Not compare Hubert et al., 

(2015). 

Agapanthus caulescens 

Spreng., Allium sativum L., 

Carica papaya L. and 

Syzygium cordatum Hochst.ex 

Kraus 

Aqueous Phaseolus 

vulgaris L. 

and Vigna 

unguiculata 

(L.) Walp. 

Colletotrichum 

lindemuthianum (Sacc. 

& Magnus) Briosi & 

Cavara and 

Colletotrichum 

dematium (Pers.) 

Grove 

Yes Positive Yes Masangwa et 

al., (2017). 

Peganum harmala L., Urtica 

dioica L. and Helichrysum 

stoechas DC. 

Aqueous Phaseolus 

vulgares L. 

Sclerotinia 

sclerotiorum (Lib.) De 

Bary 

Yes No effect Not compare El-Gali, 

(2018). 

Cinnamomum verum J. Presl, 

Coriandrum sativum L. and 

Syzygium aromaticum (L.) 

Merr. 

Aqueous Lactuca 

sativa L. 

Cercospora 

longissima Cooke & 

Ellis 

Yes Positive Not compare Carmello et 

at., (2018). 

Allium sativum L., Allamanda 

cathartica L., Tagetes spp. 

and Polygonum hydropiper L. 

Aqueous 

 

 

 

 

 

 

Corchorus 

capsularis L. 

and 

Corchorus 

olitorius L. 

Colletotrichum 

corchori Ikata & I. 

Tanaka, 

Macrophomina 

phaseolina (Tassi) 

Goid, Fusarium spp. 

and Botryodiplodia 

theobromae Pat. 

Yes Positive Not compare Ahad et al., 

(2018). 
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Pyrus communis L., Mentha 

longifólia Host, Calendula 

officinalis L., Chenopodium 

álbum Bosc. Ex Moq, 

Cannabis sativa L. and 

Datura stramonium L. 

Aqueous 

 

 

 

 

Oryza sativa 

L. 

Magnaporthe grisea 

(TT Hebert) 

Yes Positive Not compare Dar et al., 

(2018). 

Allium sativum L. Aqueous Cucurbita 

moschata 

Duch. 

Alternaria sp., 

Epicoccum sp., 

Fusarium sp., 

Nigrospora sp., 

Phoma sp., Rhizopus 

sp., Penicillium sp. 

and Aspergillus sp. 

Yes No effect Yes Sousa et al., 

(2018). 

Azadirachta indica A. Juss Aqueous 

 

 

Raphanus 

sativus L. 

Alternaria brassicae 

(Berk.) Sacc. 

Yes Positive Yes Arefin et al., 

(2019). 

Ateleia glazioviana Baill Aqueous Lycopersicon 

esculentum 

Mill 

Penicillium sp. Yes Negative Yes Mauri et al., 

(2019). 

Ocimum gratissimum L. Aqueous Lycopersicon 

esculentum 

Mill 

Penicillium sp. Yes No effect Yes Mauri et al., 

(2019). 

Bryophyllum pinnatum Kurz 

and Petiveria alliacea L. 

Ethanol Vigna 

unguiculata 

(L) Walp. 

Aspergillus flavus 

Link, Aspergillus 

parasiticus Speare and 

Aspergillus fumigatus 

Fresen 

 

Yes Not rated Not compare Ogungbemile 

et al., (2020). 

Cuminum cyminum Wall., 

Zingiber officinale Roscoe 

and Citrullus colocynthis (L.) 

Schrad 

Alcoholic Hibiscus 

esculentus L. 

Macrophomina 

phaseolina (Tassi) 

Goid. 

Yes Positive Not compare Abdulhassan, 

et al., (2020). 

Allium sativum L. Uninformed Annona 

muricata L. 

Lasiodiplodia 

theobromae (Pat.) 

Yes Not rated Yes Santos et al., 

(2020). 
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Griffon & Maubl and 

Fusarium sp. 

Aloe vera (L.) Burm.f. and 

Morinda citrifolia L. 

Citric acid 

+ sodium 

benzoate + 

potassium 

sorbate and 

propylene 

glycol + 

water + 

sodium 

benzoate + 

potassium 

sorbate 

Daucus 

carota L. 

 

 

 

 

 

 

 

 

 

Alternaria alternata 

(Fr.) Keissl and 

Alternaria radicina 

Meier, Drechsler & 

ED Eddy 

Yes Positive Not compare Górski et al., 

(2020). 

Cinnamomum zeylanicum 

Blume and Ocimum basilicum 

L. 

Aqueous Capsicum 

annum L. 

Aspergillus sp., 

Curvularia lunata  

(Wakker) Boedijn, 

Rhizopus stolonifer 

(Ehrenb.) Vuill, 

Fusarium sp. and 

Phoma sp. 

Yes Positive Yes Dourado et al., 

(2020). 

Azadirachta indica A. Juss. 

and Momordica charantia L 

Ethanol 

 

 

Moringa 

oleifera 

Lam. 

Aspergillus spp. and 

Penicillium spp. 

Yes Positive Not compare Lima et al., 

(2020). 

Melia azedarach L., 

Dendranthema grandiflora 

Tzvelev and Tagetes erecta L. 

Aqueous Carthamus 

tinctorius L. 

Aspergillius spp., 

Fusarium spp., 

Nigrospora spp., 

Penicillium spp., 

Sclerotinia spp. and 

Rhizoctinia spp. 

Yes Positive Not compare Menegaes et 

al., (2021). 

Crassiphycus birdiae 

(E.Plastino & E.C.Oliveira) 

Gurgel 

Aqueous Sesamum 

indicum L. 

Aspergillus sp., 

Aspergillus sp. and 

Penicillium sp. 

Yes Positive Not compare Silva et al., 

(2021). 

   
Source: Authors. 
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Collectotrichum destructivum, although it depends on the concentration degree and exposure time of seeds (Akinbode 

& Ikotun, 2008). Righini et al. (2021) found that the aqueous extracts of Anabaena minutissima, Ecklonia maxima and Jania 

adhaerens were efficient to control Rhizoctonia solani in Solanum lycopersicum. 

Plant extracts have a narrow range of specific action mode making them suitable for the control of specific pathogens. 

These plant extracts also have limited persistence in the field and a shorter shelf life than synthetic chemicals; nevertheless, 

they do not pose a residual threat and can be used in integrated pest management (IPM) (Zaker, 2016). However, plant extracts 

have many different molecules in their composition, which vary depending on the plant origin and the extraction process. For 

example, “Neem” extract can be found more than 50 different molecules. Azadicachtine is important in pest management and 

is one of its main constituents (Alabouvette et al., 2006). Similarly, quercetin, ß sitosterol, and polyphenolic flavonoids are 

fundamental in the management of fungal diseases (Kumari et al., 2020). 

Degradation and volatilization of bioactive substances reduce efficacy of vegetable-based products under field 

conditions. However, an alternative to mitigate this disadvantage is to formulate bioactive vegetable products using 

biodegradable polymers, plasticizers, stabilizers, and antioxidants (Borges et al., 2018). 

Despite the increased use of plant extracts as an alternative to synthetic chemical molecules, most studies did not 

compare the efficacy of extracts in replacement of fungicides (67%). However, 33% of the studies reported this comparison 

and stated that the extracts tested are promising to replace synthetic fungicides. Santos et al. (2020) used formaldehyde, 

mancozeb, and garlic extract in soursop seeds and found greater reduction in the incidence of Lasioplodia theobromae (Pat.) 

Griffon & Maubl. and Fusarium sp. with emphasis on garlic extract that controlled 100% of the fungus Fusarium sp. Sousa et 

al. (2018) treated pumpkin seeds with garlic extract Trichodel® and Captan® and verified that the extracts reduced the 

incidence level of Alternaria sp., Epicoccum sp., Fusarium sp., Nigrospora sp., Phoma sp. to less than 20%. Arefin et al. 

(2019) state that the integrated use of Trichoderma harzianum isolate, Iprodione, Rovral 50WP and Azadirachta indica leaf 

extract enables a better control of Alternaria brassicae in Raphanus sativus L. Mauri et al. (2019) treated the seeds with extract 

of Ocimum gratissimum and extract of Ateleia glazioviana Baill and observed the inhibition of only Penicillium sp. in cherry 

tomato seeds. However, the use of Captana inhibited the fungi Rhizopus sp. and Penicillium sp. 

Thus, plant extracts show efficacy in the control of phytopathogenic fungi associated with seeds. However, more 

studies are needed to better understand the extraction methods, modes of action, maintenance, and chemical stability of these 

products, as well as their comparison with other control methods for various pathosystems, due to their specificity, to apply to 

other cultures and to use them on large scale.  

 

4. Conclusion 

Plant extracts are effective to control fungal pathogens in seeds, as reported in several studies. Plant extracts act 

directly or indirectly on pathogen growth in the seed due to their bioactive compounds. They have a narrow range of mode of 

action, making plant extracts suitable to control a specific pathogen. Thus, changes caused by the extracts are reflected in the 

severity reduction of pathogens in plant seeds; therefore, extracts can be considered a management tool for fungal pathogens 

that affect seeds. Additional studies are needed for a better understanding of these products to expand their use to other cultures 

and produce them on large scale. 

 

 

 

 

 

http://dx.doi.org/10.33448/rsd-v10i14.21846


Research, Society and Development, v. 10, n. 14, e174101421846, 2021 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i14.21846 
 

 

11 

References 

Abdulhassan, H. A. (2020). The efficiency of some plant extracts on the fungus Macrophomina phaseolina, the causes agent of seed rot and the Okra seedlings 

death. IOP Conference Series: Earth and Environmental Science, 553, 1–7. https:// doi:10.1088/1755-1315/553/1/012046 
 

Ahad, M. A., Islam, S., & Nupur, N. F. (2018). Effect of plant extracts on seed borne fungi of jute. American Journal of Plant Sciences, 9(13), 2580–2592.  
https://doi.org/10.4236/ajps.2018.913187 

 

Akinbode, O. A., & Ikotun, T. (2008). Efficacy of certain plant extracts against seed-borne infection of Collectotrichum destructivum on cowpea (Vigna 
uniguculata). African Journal of Biotechnology, 7(20), 3683–3685.  

 

Alabouvette, C., Olivain, C., & Steinberg, C. (2006). Biological control of plant diseases: the European situation. European Journal of Plant Pathology, 114, 
329–341. https://doi.org/10.1007/s10658-005-0233-0 

 

Alloatti, J., LI, S., Chen, P., Jaureguy, L., Smith, S. F., Florez-Palacios, L., Orazaly, M., & Rupe, J. (2015). Screening a diverse soybean germplasm collection 
for reaction to purple seed stain caused by Cercospora kikuchii. Plant Disease, 99, 1140–1146. https://doi.org/10.1094/PDIS-09-14-0878-RE 

 

Amza, J. (2018). Seed borne fungi; food spoilage, negative impact and their management: A review. Food Science and Quality Management, 81, 70–79.  

 

Arefin, M. N., Bhuiyan, M. K. A., & Tanbir R. M. (2019). Integrated use of fungicide, plant extract and bio-agent for management of alternaria blight disease 

of radish (Raphanus sativus l.) and quality seed production. Agricultural & Veterinary Sciences, 3(1),10–21. 
 

Baker, B. K. F., & Smith, S. H. (1966). Dynamics of seed transmission of plant pathogens.  Annual Review of Phytopathology, 4, 311–332. 

 
Bhat, R., & Reddy, K. R. N. (2017). Challenges and issues concerning mycotoxins contamination in oil seeds and their edible oils: Updates from last decade. 

Food Chemistry, 215, 425–437. https://doi.org/10.1016/j.foodchem.2016.07.161 

 
Bhat, R., Rai, R. V., & Karim, A. A. (2010). Mycotoxins in food and feed: present status and future concerns. Comprehensive Reviews in Food Science and 

Food Safety, 9, 57–81. https://doi.org/10.1111/j.1541-4337.2009.00094.x 

 
Bisen K., Keswani C., Mishra S., Saxena A., Rakshit A., & Singh, H. B. (2015) Unrealized Potential of Seed Biopriming for Versatile Agriculture. In: Nutrient 

Use Efficiency: from Basics to Advances, eds Rakshit A., Singh, H. B, & Sen A.  Department of Mycology and Plant Pathology, Institute of Agricultural 

Sciences, Banaras Hindu Universit. Springer India, pp 193–206. 
 

Borges, D. F., Lopes, E. A., Moraes, A. R. F., Soares, M. S., Visôtto, L. E., Oliveira, C. R., & Valente, V. M. M. (2018). Formulation of botanicals for the 

control of plant-pathogens: A review. Crop Protection, 110, 135–140. https://doi.org/10.1016/j.cropro.2018.04.003 
 

Carmello, C. R., & Cardoso, J. C. (2018). Effects of plant extracts and sodium hypochlorite on lettuce germination and inhibition of Cercospora longissima in 

vitro. Scientia Horticulturae, 234, 245–249. https://doi.org/10.1016/j.scienta.2018.02.056 
 

Carvalho, D. D. C., Mello, S. C. M., Júnior, M. L., & Geraldine, A. G. (2011). Biocontrol of seed pathogens and growth promotion of common bean seedlings 

by Trichoderma harzianum. Pesquisa Agropecuária Brasileira, 46(8), 822–828. https://doi.org/10.1590/S0100-204X2011000800006 
 

Choudhury, D., Dobhal, P., Srivastava, S., Saha S., & Kundu, S. (2018). Role of botanical plant extracts to control plant pathogens - A review. Indian Journal 

of Agricultural Research, 52(4), 341–346. https://doi.org/10.18805/ijare.a-5005 
 

Chowdhury, P., Bashar, M., & Shamsi, S. (2015). In vitro evaluation of fungicides and plant extracts against pathogenic fungi of two rice varieties. 

Bangladesh Journal of Botany, 24(2), 251–259. https://doi.org/10.3329/bjb.v44i2.38514 
 

Christensen, C. M., & Kaufmann, H. H. (1965). Deterioration of stored grains by fungi. Annual Review of Phytopathology, 3(1), 69–84. 

 
Coppo, J. C., Mioranza, T. M., Roncato, S. C., Stargalin, J. R., Kuhn, O. J., & Estrada, K. R. F. S. (2017). Sanidade e germinação de sementes de soja tratadas 

com extratos de plantas e de fungo. Revista de Ciências Agroambientais, 15(2), 92–99. https://doi.org/10.5327/rcaa.v15i2.1472 

 
Cram, M. M., & Fraedrich, S. W. (2010). Seed diseases and seedborne pathogens of North America. Tree Planters, 53(2), 35–44. 

 

Dar, M. S., Ganaie, S. A., RAJA, W., & Teeli, R. A. (2018). In-vivo investigation on antifungal properties of leaf extracts of certain medicinal plants through 

seed treatment and foliar sprays against rice blast disease (Magnaporthe grisea) in Kashmir, India. Annals of Agrarian Science, 16(3), 267–271. 

https://doi.org/10.1016/j.aasci.2018.04.002 
  

Debnath, M., Sultana, A., & Rashid, A. Q. M. B. (2012). Effect of seed-borne fungi on the germinating seeds and their bio-control in maize.  Journal of 

Environmental Sciences & Natural Resources, 5(1), 117–120.  
 

Dourado, G. F., Silva, M. S. S., Oliveira, A. C. S., Silva, E. K. C., Oliveira, L. J. M., & Rodrigues, A. A. C. (2020). Alternative seed treatment methods for 

plant pathogen control in sweet pepper crops. Brazilian Journal of Agrarian Sciences, 15(3), 1–10. 
 

Du Toit, L.J. Management of diseases in seed crops. In: Encyclopedia of plant and crop science, ed. Goodman R. Marcel Dekker, New York, NY, p. 675–677. 

 
Elad, Y., Vivier, M., & Fillinger, S. (2016). Botrytis, the Good, the Bad and the Ugly. In: Botrytis- the Fungus, the Pathogen and its Management in 

Agricultural Systems, eds Elad, Y., Sabine Fillinger, pp. 12–27. 

 
El-Gali, Z. I. (2018). Evaluation of some plant extracts and powders in control of bean damping-off by Sclerotinia sclerotiorum. Agriculture and Food 

Sciences Research, 5(1), 47–51. 

 

http://dx.doi.org/10.33448/rsd-v10i14.21846


Research, Society and Development, v. 10, n. 14, e174101421846, 2021 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i14.21846 
 

 

12 

Etaware, P. M. (2019). Abnormal symptoms of fungi-induced morphological changes in infected melon (Colocynthis Citrullus Linn.) seeds during storage. 

IOSR Journal of Agriculture and Veterinary Science, 12(11), 13–17. http://dx.doi.org/10.9790/2380-1211011317 

 
Gaur, A., Kumar, A., Kiran, R., & Kumari, P. (2020). Importance of Seed-Borne Diseases of Agricultural Crops: Economic Losses and Impact on Society. In: 

Seed-Borne Diseases of Agricultural Crops: Detection, Diagnosis & Management eds Kumar, R., & Gupta, A. Springer, pp.3–24. 

 
Geremew, T., Abate, D., Landschoot, S., Haesaert, G., & Audenaert, K. (2016). Occurrence of toxigenic fungi and ochratoxin a in Ethiopian coffee for local 

consumption. Food Control, 69, 65–73. https://doi.org/10.1016/j.foodcont.2016.04.025 

 
Górski, R., Szopińska, D., Dorna, H., Rosińska, A., Stefańska, Z., & Lisiecka, J. (2020). Effects of plant extracts and disinfectant huva-san tr 50 on the quality 

of carrot (Daucus carota L.) seeds. Ecological Chemistry and Engineering S, 27(4), 617–628. https://doi.org/10.2478/eces-2020-0039 

 
Gullino M.L., Gilardi G., Garibaldi A. (2014). Seed-Borne Fungal Pathogens of Leafy Vegetable Crops. In: Global Perspectives on the Health of Seeds and 

Plant Propagation Material, eds Gullino M., & Munkvold G. Plant Pathology in the 21st Century (Contributions to the 9th International Congress), 6, pp. 47–

56. 
 

Gupta, A., Narantwal, M., & Kothari, V. (2012). Modern extraction methods for preparation of bioactive plant extracts. International Jounal of Applied and 

Natural Sciences, 1(1), 8–26. 

 

Gupta, S., Dubey, A., & Singh, T. (2017). Curvularia lunata as, a dominant seed-borne pathogen in Dalbergia sissoo Roxb: Its location in seed and its 

phytopathological effects. African Journal of Plant Science, 11(6), 203–208. https://doi.org/10.5897/AJPS2017.1529 
 

Hendrix, F. F., & Campbell, JR. W. A. (1973). Pythiums as plant pathogens. Annual Review of Phytopathology, 11, 77–98. 

 
Hitaj, C., Smith, D. J., Code, A., Wechsler, S., Esker, P. D., & Douglas, M.R. (2020). Sowing uncertainty: What we do and don’t know about the planting of 

pesticide-treated seed. BioScience, 70(5), 390–403. https://doi.org/10.1093/biosci/biaa019 

 
Hubert, J., Mabagala, R. B., & Mamiro, D. P. (2015). Efficacy of selected plant extracts against Pyricularia grisea, causal agent of rice blast disease. 

American Journal of Plant Sciences, 6, 602–611. http://dx.doi.org/10.4236/ajps.2015.65065 

 
Ibrahim, E. A. M., & Abo El-Dahab, M. S. (2017). Influence of seed dressing by yeast extract and fungicides on seed quality of wheat during storage. Journal 

of Plant Production, 8(2), 187–193. https://dx.doi.org/10.21608/jpp.2017.39605 
  

Jiao, S., Zhong, Y., & Deng, Y. (2016). Hot air-assisted radio frequency heating effects on wheat and corn seeds: Quality change and fungi inhibition. Journal 

of Stored Products Research, 69, 265–271. https://dx.doi.org/10.1016/j.jspr.2016.09.005 
 

Karaca, G., Bilginturan, M., & Olgunsoy, P. (2017). Effects of some plant essential oils against fungi on wheat seeds.  Indian Journal of Pharmaceutical 

Education and Research, 51(3), 385–388. http://dx.doi.org/10.5530/ijper.51.3s.53 
 

Koch, E., & Roberts, S.J. (2014). Non-chemical seed treatment in the control of seed-borne pathogens. In: Global Perpectives or Health of Seeds and Plant 

Propagation Material, eds Gullino, M. L., Munkvold, G. Springer, Netherlands, pp. 105–113. 
 

Koch, E.; Roberts, S. (2014). Non-chemical Seed Treatment in the Control of Seed-Borne Pathogens, In: Global Perspectives on the Health of Seeds and Plant 

Propagation Material, Plant Pathology, eds Gullino, M. L., Munkvold, G. Plant Pathology in the 21st Century, v.6, pp.105–123. 
 

Kumari, P., Geat, N., Maurya, S., & Meena, S. (2020). Neem: Role in leaf spot disease management: A review. Journal of Pharmacognosy and 

Phytochemisty, 9(1), 1995–2000. 
 

Kunta, D. R., Bharathi, D. V., Arunbdu, M. T., Sahish, D. R., & Durga, K. K. (2020). Importance of Seed Treatment. Vigyan Varta, 1(7), 40–43.  

 
Larram, S., Siurana, M. P. S., Caselles, J. R., Simón, M. R., & Perelló, A. (2020). Fusarium sudanense, endophytic fungus causing typical symptoms of 

seedling blight and seed roto n wheat. Journal of king Saud University-Science, 32, 468–474. https://doi.org/10.1016/j.jksus.2018.07.005 

 
Lima, C. B., Rentschler, L. L. A., Bueno, J. T., & Boaventura, A. C. (2016). Plant extracts and essential oils on the control of Alternaria alternata, Alternaria 

dauci and on the germination and emergence of carrot seeds (Daucus carota L.). Ciência Rural, 46(5), 764–770. https://doi.org/10.1590/0103-

8478cr20141660 
 

Lima, F. R. A., Demartelare, A. C. F., Preston, W., & Feitosa, S. S. (2020). Extratos etanólicos de Momordica charantia L. e Azadirachta indica A. Juss na 

qualidade fisiológica e sanitária de sementes de Moringa oleifera Lam. Brazilian Journal of Development, 6(8), 60030–60046. 
https://doi.org/10.34117/bjdv6n8-425 

 

Mancini, V., & Romanazzi, G. (2013). Seed treatments to control seedborne fungal pathogens of vegetable crops. Pest Management Science, 70, 860–868. 
https://doi.org/10.1002/ps.3693 

 

Mancini, V., Morolo, S., & Romanazzi, G. (2016). Diagnostic methods for detecting fungal pathogens on vegetable seeds. Plant Pathology, 65, 691–703. 
https://doi.org/10.1111/ppa.12515 

 

Manegaes, J. F., Nunes, U. R., Muniz, M. F. B., Bellé, R. A., & Zini, P. B. (2021). Extratos vegetais aquosos para o tratamento de sementes de cártamo. Acta 
Ambiental Catarinense, 18(01), 87–96. https://doi.org/10.24021/raac.v18i1.5821 

 

Masangwa, J. I. G., Kritzinger, Q., & Aveling, T. A. S. (2017). Germination and seedling emergence responses of common bean and cowpea to plant extract 
seed treatments. Journal of Agricultural Science, 155(1), 18–31. https://doi.org/10.1017/S0021859616000113 

 

Mauri, A. L., Araujo, E. F., Amaro, H. T. R., Araujo, R. F., & Posse, S. C. P. (2019). Tratamentos sanitários na qualidade fisiológica e sanitária de sementes de 
tomate produzidas sob manejo orgânico. Revista de Ciências Agrárias, 42(4), 991–999. https://doi.org/10.19084/rca.17142 

 

http://dx.doi.org/10.33448/rsd-v10i14.21846


Research, Society and Development, v. 10, n. 14, e174101421846, 2021 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i14.21846 
 

 

13 

Mota, J. M., Melo, M. P., Silva, F. F. S., Sousa, E. M. J., Sousa, E. S., Barguil, B. M., & Beserra, J. J. E. A. (2017). Fungal diversity in lima bean seeds. 

Brazilian Journal of Biosystems Engineering, 11(1), 79–87. http://dx.doi.org/10.18011/bioeng2017v11n1p79-87 

 
Naqvi, S. D. Y., Rehman, N. (2013). Intensity of seed-bome fungi in fam saved seed of oil and cereals. LAP LAMBERT Academic Publishing, pp.100. 

 

Nayyar, B. G., Woodward, S., Mur, L. A. J., Akram, A., Arshad, M., Naqvi, S. M. S., & Akhund, S. (2018). Identification and pathogenicity of Fusarium 
species associated with sesame (Sesamum indicum L.) seeds from the Punjab, Pakistan. Physiological and Molecular Plant Pathology, 102, 128–135. 

https://doi.org/10.1016/j.pmpp.2018.02.001 

 
Neergaard P. (1977). Economic Significance of Seed-borne Diseases. In: Seed Pathology. Palgrave, London, pp.3–31. 

 

Ogungbemile, O. A., Etaware, P. M., & Odebode, A. C. (2020). Application of plant-base fungicides to control aflatoxigenic fungi producing mycotoxins in 
stored cowpea seeds. Journal of Biotechnology and Biomedicine, 3(1), 001–009. https://doi.org/10.26502/jbb.2642-91280021 

 

Ong, G., Kasi, R., & Subramaniam, R. (2021). A review on plant extracts as natural additives in coating applications. Progress in Organic Coatings, 151, 
106091. https://doi.org/10.1016/j.porgcoat.2020.106091 

 

Parisi, J. J. D., Santos, A. F., Barbedo, C. J., & Medina, P. F. (2019). Patologia de sementes florestais: danos, detecção e controle, uma revisão. Summa 

Phytopathologica, 45(2), 129–133. https://doi.org/10.1590/0100-5405/188545 

 

Pascuali, L. C., Carvalho, J. W. P., Souza, A. A., Gonçales, L. R. B., & Filho, A. F. (2018). Atividade de bioextratos no desenvolvimento de Phomopsis 
Phaseali var. sojae, Fusarium sp. no tratamento de sementes de soja. Revista em Agronegócio e Meio Ambiente, 11(2), 457–478. 

https://doi.org/10.17765/2176-9168.2018v11n2p457-478 

 
Pathan, M. A., Sinclair, J. B., & Mcclary, R. D. (1989). Effects of Cercospora kikuchii on soybean seed germination and quality. Plant Disease, 73, 720–723. 

 

Pushpavathi, D., Shilpa, M., Petkar, T., Siddiqha, A., & Kekuda, P. T. (2017). Evaluation of antifungal activity of some plants against seed-borne fungi. 
Scholars Journal of Agriculture and Veterinary Sciences, 4(4), 155–159. https://doi.org/10.21276/sjavs 

 

Righini, H., Francioso, O., Foggia, M. D., Prodi, A., Quintana, A. M., & Roberti, R. (2021). Tomato seed biopriming with water extracts from Anabaena 
minutissima, Ecklonia maxima and Jania adhaerens as a new agro-ecological option against Rhizoctonia solani. Scientia Horticulturae, 281, 109921. 

http://dx.doi.org/10.1016/j.scienta.2021.109921 
 

Santori, F. F., Pimpinato, R. F., Tornisielo, V. L., Engroff, T. D., Jaccoud-Filho, D. S., Menten, J. O., Dorrance, A. E., & Neto-Dourado, D. (2020). Soybean 

seed treatment: how do fungicides translocate in plants? Pest Management Science, 76(7), 2355–2359. https://doi.org/10.1002/ps.5771 
 

Santos, D. V. S., Amorim, E. P. R., Carvalho, V. N., Santos, D. S., & Ferreira, T. C. (2020). Análise patológica e tratamento alternativo de patógenos em 

sementes de Graviola. Summa Phytopathol, 46(1), 69–70, 2020. https://doi.org/10.1590/0100-5405/177193 
 

Santos, F., Medina, P. F., Lourenção, A. L., Parisi, J. D., & Godoy, I. J. (2016). Damage caused by fungi and insects to stored peanut seeds before processing. 

Bragantia, 75(2), 184–192. https://doi.org/10.1590/1678-4499.182 
 

Sarika, G., Amruta, N., Kandikattu, H. K., Basavaraju, G. V., Suma, H. K., Manjunath, B. L., & Sravani, C. H. (2019). Chemical profiling of camptothecin 

and methoxy camptothecin in Nothapodytes nimmoniana Grah. (Mabb.) during seed development, seed germination and their effects on seed-borne pathogens. 
South African Journal of Botany, 123, 113–123. https://doi.org/10.1016/j.sajb.2019.02.003 

 

Satish, S., Mohana, D. C., Raghavendra, M. P., & Raveesha, K. A. (2007). Antifungal activity of some plant extracts against importante seed borne pathogens 
of Aspergillus sp. Journal of Agricultural Technology, 3(1), 109–119. 

 

Scott, K., Eyre, M., Mcduffe, D., & Dorrance, A. E. (2020).  The efficacy of ethaboxam as a soybean seed treatment toward Phytophthora, Phytopythium, and 
Pythium in Ohio. Plant Disease, 104, 1421–1432. https://doi.org/10.1094/PDIS-09-19-1818-RE 

 

Shade, A., Jacques, M. A., & Barret, M. (2017). Ecological patterns of seed microbiome diversity, transmission, and assembly. Current Opinion in 
Microbiology, 37, 15–22. https://doi.org/10.1016/j.mib.2017.03.010 

 

Shamsi, S., & Khatun, A. (2016). Prevalence of fungi in different varieties of chickpea (Cicer arietinum L.) seeds in storage. Journal of Bangladesh Academy 
of Sciences, 40(1), 37–44. https://doi.org/10.3329/jbas.v40i1.28323 

 

Shcherbakova, L., Mikityuk, O., Arslanova, L., Stakheev, A., Erokhin, D., Zavriev, S., & Dzhavakhiya, V. (2021). Study of thymol's ability to improve the 
fungicidal effects of tebuconazole and diphenoconazole against some phytopathogenic fungi in seeds or leaf treatments. Frontiers in Microbiology, 12, 1–13. 

https://doi.org/10.3389/fmicb.2021.629429 

 
Shokouhi, D., & Seifi, A. (2020). Organic extracts of seeds of Iranian Moringa peregrina as promising selective biofungicide to control Mycogone perniciosa. 

Biocatalysis and Agricultural Biotechnology, 30, 101848. https://doi.org/10.1016/j.bcab.2020.101848 

 
SiegeL, D., & Babuscio, T. (2011). Mycotoxin management in the European cereal trading sector. Food Control, 22, 1145–1153. 

https://doi.org/10.1016/j.foodcont.2011.02.022 

 
Silva, I. N., Christ, A. J., Silva, S. S., Carvalho, J. W. P., & Pascuali, L.C. (2019). Qualidade fisiológica de sementes de arroz tratadas com óleos essenciais e 

extratos vegetais. Destaques Acadêmicos, 11(3), 259–271. http://dx.doi.org/10.22410/issn.2176-3070.v11i3a2019.2333 

 
Silva, M. S. B. S., Rodrigues, A. A. C., Silva, E. K. C., Oliveira, A. C. S., Oliveira, L. J. M. G., Costa, N. J. F., Silva, M. R. M., & Lemos, R. N. S. (2019). 

Health quality and reduction of pathogenic transmission in tomato seeds using plant extracts. Australian Journal of Crop Science, 13(04), 635–641. 

http://dx.doi.org/10.21475/ajcs.19.13.04.p1680 
 

http://dx.doi.org/10.33448/rsd-v10i14.21846


Research, Society and Development, v. 10, n. 14, e174101421846, 2021 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i14.21846 
 

 

14 

Silva, T. P. P., Demartelaere, A. C. F., Pereira, M. D., Teixeira, D. I. A., Lira, V. M., Alves, J. S., Neto, D. F. S., Preston, H. A. F., Lopes, D. A., Lima, F. R. 

A., & Ferreira, A. S. (2021). Influência do extrato de Crassiphycus birdiae na qualidade sanitária e fisiológica em sementes de gergelim. Brazilian Journal of 

Development, 7(3), 28250–28269. http://dx.doi.org/10.34117/bjdv7n3-510 
 

Slusarenko, A. J., Patel, A., & Portz, D. (2008). Control of plant diseases by natural products: Allicin from garlic as a case study. European Journal of Plant 

Pathology, 121, 313–322. https://doi.org/10.1007/s10658-007-9232-7 
 

Soomro, T. A., Ismail, M., Anwar, S. A., Memon, R. M. M., & Nizamani, Z. A. (2020). Effect of Alternaria sp. on seed germination in rapeseed, and its 

control with seed treatment. Academic Journals, 11(1), 1–6. https://doi.org/10.5897/JCO2017.0178 
 

Sousa, M. C., & Gervasia, C. R. (2018). Qualidade fisiológica e sanitária de sementes de abóbora cv. menina brasileira submetidas a diferentes tratamentos. 

Congrega Urcamp, 15(15), 556–569. 
 

Spadaro, D., Herforth-Rahm, J., & Wofl, J. V. D. (2017). Organic seed treatments of vegetables to prevent seedborne diseases. Acta Hortic, 1164, 23–31. 

https://doi.org/10.17660/ActaHortic.2017.1164.3 
 

Taheri, S., Brodie, G. I., Gupta, D., & Jacob, M. V. (2020). Afterglow of atmospheric non-thermal plasma for disinfection of lentil seeds from Botrytis Grey 

Mould. Innovative Food Science & Emerging Technologies, 66, 1–11. https://doi.org/10.1016/j.ifset.2020.102488 

 

Upchurch, R. G., & Ramirez, M. E. (2010). Defense-related gene expression in soybean leaves and seeds inoculated with Cercospora kikuchii and Diaporthe 

phaseolorum var. meridionalis. Physiological and Molecular Plant Pathology, 75, 64–70. http://dx.doi.org/10.1016/j.pmpp.2010.08.007 
 

Zaker, M. (2016). Natural plant products as eco-friendly fungicides for plant diseases control - A review. The Agriculturists, 14 (1), 134–141. 

http://dx.doi.org/10.3329/agric.v14i1.29111 
 

Zeun, R., Scalliet, G., & Oostendorp, M. (2013). Biological activity of sedaxane – a novel broad-spectrum fungicide for seed treatment. Pest Management 

Science, 69(4), 527–534. https://doi.org/10.1002/ps.3405 

http://dx.doi.org/10.33448/rsd-v10i14.21846

