



Review Article

Fusarium: The versatile soil borne pathogen

Abstarct 

Fusarium wilt, caused by Fusarium oxysporum, is a destructive vascular disease affecting diverse crops such as peas, tomatoes, bananas, and cotton. The pathogen invades the xylem, disrupting water transport and leading to chlorosis, wilting, and plant death. Its survival is facilitated by resistant chlamydospores that persist in soil for years, complicating disease management. Severe yield losses, often reaching 100% in susceptible cultivars, have been reported worldwide. Although crop rotation, biological control agents, and resistant varieties offer partial control, the absence of a completely effective strategy remains a major challenge. Excessive reliance on chemical fungicides has further contributed to environmental and health concerns, as well as pathogen resistance. Hence, the development and adoption of integrated and sustainable management practices are crucial for effective suppression of Fusarium wilt.
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Introducton

Fusarium wilt is a widespread and destructive vascular disease affecting a vast range of plants—from tomatoes, bananas, cotton, and legumes to ornamental and plantation crops. It's primarily caused by the soil-borne fungus Fusarium oxysporum, which is subdivided into various formae speciales (special forms) depending on the specific host it infects. Fusarium oxysporum can cause detrimental yield losses in pea production worldwide (Dubey et al., 2007). Winter crops are most affected by Fusarium wilt, causing significant losses, most common in the largest cultivars with up to 100% yield loss (Persson et al., 1997). The fungus infiltrates the plant’s vascular system, particularly targeting the xylem. This disrupts water transport, leading to wilting, yellowing, stunted growth, and eventually plant death. Hallmark symptoms include discolored (brown or dark streaked) vascular tissue in stems and roots. Longevity in soil Fusarium oxysporum inoculum can survive for many years in the field unaffected by harsh conditions, sometimes leads to development of new strains (Jones et al., 1991).

The internal blackening or browning of the xylem vessels from the roots to the stems as a result of Fusarium invasion through the roots eventually causes the plant to wilt. Even though the affected plants had yellowish leaves, it was confirmed that they produced very less or no yield. In absence of a suitable host, fusarium formed resistant chlamydospore, which remain dormant perpetually and survived. (Khan et al., 2017; Cha et al., 2016). In the later stages of plant growth, partial wilting and patches from dead plants are typical, according to Upadhyay and Rai (1992) and Reddy et al. (1993).

Because of its resistant chlamydospores, which have persisted in soil for a long time without a host, and the lack of a totally efficient management method. Therefore it is highly challenging to manage Fusarium wilt pathogen. Crop rotation, biological control agents, and the adoption of resistant cultivars have all been recommended as effective control measures. Resistant cultivars are acknowledged as the most efficient and practical form of management on a global scale (Subhani et al., 2011). Numerous synthetic compounds that are effective against plant diseases have been introduced recently. They have been discovered to be harmful to the health of both humans and animals, as well as allowing pathogens to become chemically resistant and negatively influencing plant growth (Lyon et al., 1995, Okigbo, 2004; Carvalho, 2004).

Causal Organism(s)

 Fusarium is an extensive group of filamentous fungus that are mostly found in soil and the air. They often associate with plants, but they can also occasionally infect people. Members of this genus include some of the most significant plant pathogenic fungal species currently recognized (Ekwomadu, 2023). Pathogen infect seed surface and generally transmitted through soil (Sawaryn, 1961). Pathogen is associated with the rhizoplane of crop (Rintelen, 1973). Manneuruccy and Gambogi (1979) explaind that when the seeds are infected with Fusarium oxysporum, the disease development and intensity were not always related to symptoms expression on the seedlings. Maheshwari et al. (1980) reported that Fusarium oxysporum is found in the cotyledons of diseased pea seeds. The fungi spread to the root and stem through xylem vessels. Kraft (1995) reported the pathogen is soil-borne and survives as thick-walled chlamydospores, which remain viable in soil for more than 10 years. 

Symptomatology 

First symptom of wilt is pale coloration of the leaflets. The plant growth is checked; upper part of plant may be more rigid than normal and leaves loose turgidity beginning with the lower ones and progressing upward. The plant wilts and the stem shrivels. Few rootlets of the plant are injured and with light yellow to orange brown discoloration of the vascular system of tap root which extends up in the stem for several internodes (Harter, 1938). True wilt appears as stunting and rolling of the leaf margins and stipules, the upper parts become pale, develop a greyish bloom and chlorosis follows. The leaves become somewhat brittle and are readily removed. The upper part of plant may wilt and dries the vascular discolouration is pale yellow to deep orange brown (Buxton., 1955). Happle (1963) stated that first symptom appears as wilting of lower leaves and no apparent discoloration except in cotyledonary vascular bundles. Isacc and Rogers (1974) observed that first wilting of old leaves (4 to 6 week old seedlings) showed yellowing symptoms, reduction of root system, stunting of growth and shredding of basal stem portion. The pods of infected plants were smaller than those of healthy ones.  Lin (1991) observed wilting at flowering stage and was accompanied by leaf yellowing and vascular discoloration. Stunted plant growth yellowing and wilting symptoms were also noticed in severely affected plants (Bodker et al., 1993). Infantino et al., (2006) reported that Fusarium oxysporum penetrates pea root and infects vascular system at any growth stage of the crop Infected plants often shows an orange or dark red discolouration in the vascular tissue of the root and lower parts of the stem. Above ground symptoms consist of leaf yellowing that wilt and curl downward during the flowering to pod-fill stages. Early infection often results in seedling death, which may be obscured by the growth of adjacent plants.

Effect of media, pH and temperature

The expansion of Fusarium wilt is aided by a variety of factors. Under field condition number of environmental variables, including humidity, pH, temperature and solids have a significant impact on the severity and progression of disease. The severity of disease is significantly influenced by humidity, as excessive humidity increases the incidence of disease (Landa et al., 2006). Pathogens can survive for a very long time without a host plant once it established in the field. (Gangadhara et al.,2010). Another element associated to variations in disease incidence and severity is pH. Similar to this, other variables including wind, humidity, temperature and light also affect the spread of disease.

Table 1 : Different media favours different Fusarium spp. of their growth 
	S. No.
	Media
	Fusarium spp.
	Reference

	1.


	Richard's agar and PDA 
	Fusarium udum
	Reddy (2002)

Satareddi et al. (2003), Chaudhary et al. (2018)

	2.
	Richard's agar and PDA 
	F. oxysporum f. sp. vanillae
	Gangadhara et al. (2010)

	3.
	Rose Bengal agar and PDA 
	Fusarium oxysporum f. sp. lini.
	Kishore (2010)

	4.
	Czapek dox agar and PDA media
	Fusarium oxysporum f. sp. ciceri
	Khan et al. (2011)

Khilare and Ahmed (2012)

	5.
	Sabourand Agar Emmons and PDA 
	Fusarium oxysporum
	Kumar et al (2012)

	6.
	Potato dextrose agar 
	Fusarium  spp.
	Ali  et al. (2014)

	7.
	Potato dextrose broth
	Fusarium moniliforme
	Yadav et al. (2014)

	pH

	1.
	5.0 & 6.0
	F. oxysporum f. sp. vanillae
	Gangadhara et al. (2010)

	2.
	5.5 to 7.0
	Fusarium oxysporum f. sp. lini
	Kishore (2009)

Pal and coworkers (2019)

	3.
	6.0 & 6.5
	Fusarium oxysporum f. sp. lentis
	Jaruhar and Prasad (2011)

Singh et al. (2016)

	4.
	6.0 & 6.5
	Fusarium oxysporum f. sp. ciceri
	Khilare and Ahmed (2012)

	5.
	6.5
	Fusarium oxysporum
	Kumar et al (2012)

	6.
	6.0-6.5 pH
	Fusarium oxysporum f. sp. phaseoli
	Siddique et al. (2012)

	7.
	pH 6.0 & 6.5
	Fusarium udum
	Chaudhary et al. (2018)

	8.
	6.0 pH
	Fusarium oxysporum
	Tyagi and Paude (2014)

	9.
	5.0
	Fusarium moniliforme
	Yadav et al. (2014)

	Temparature

	1.
	300C
	Fusarium oxysporum f. sp. ciceri
	Khilare and Ahmed (2012)

	2.
	25-30°C
	Fusarium oxysporum
	Kumar et al (2012)

	3.
	300C
	Fusarium udum
	Chaudhary et al. (2018)

	4.
	20°C
	Fusarium moniliforme
	Yadav et al. (2014)

	5.
	24ºC
	Fusarium oxysporum f. sp. lini
	Pal and coworkers (2019)


Use of plant extracts 

The use of plant-derived compounds has been introduced in recent years with important consequences against plant pathogens. Agapanthus africans leaf extract has shown good antifungal activity (Tegegne et al., 2008) and Larreatridentata Cov has been shown to be active against the soil pathogen pythium sp. (Lira et al., 2003) On the other hand, Punica granatum has shown to be efficient against Fusarium oxysporum (Osorio et al., 2010). The growth of Botrytis cinerea, Penicillium gladiolus, Aspergillus niger, Sclerotinia sclerotiorum, and Fusarium oxysporum is inhibited by Allium botanical flower extract (Pârvu et al., 2011). Quillaja saponaria showed antifungal activity against fusarium because it contains phenolic and saponin chemicals (Ribera et al., 2008). Potential application of garlic-leaf extract for the field-based management of plant diseases is also proposed. Use of an aqueous garlic leaf extract on two pathogens that cause wilt disease in the gram, Fusarium oxysporum f. sp. ciceri and Sclerotinia sclerotiorum (Singh et al. 1979). Tested phytoextract significantly inhibited the growth of the two fungi in liquid media. In contrast to all seedlings from untreated seeds, extract-treated seeds put in soil containing the pathogens alone and mixed together produced wilt-free seedlings. Anti-microbial property of leaf extract of some medicinal plant on spore germination of Fusarium spp. reported by Dwivedi and shukla (2000). According to Pattaratanawadee et al. (2006) fingerroot and ginger extracts displayed antifungal activity against Fusarium oxysporum. Bacteriostatic action was seen in the 8% turmeric extract. The extract of Ocimum sanctum, Eucalyptus spp. also, Nerium indicum totally restrict the development of Fusarium udum in agar plates (Mandhare and Suryawanshi, 2008). Extract of Curcuma longa (7500 ppm) and Syzygium aromaticum (13200 ppm) is effective against Alternaria brassicicola and Fusarium oxysporum as per the finding of Suwitchayanon and Kunasakdakul (2009). Aqueous extract of Azadirectica indica effective against Fusarium udum (Singh et al., 2010;  Zafar et al. 2020; Suresh et al., 2022). Allium sativum at 20% alone recorded 100 percent hindrance of mycelial development and spore germination (Devi and Chhetry, 2012) of Fusarium udum. Development of Fusarium udum has been diminished by 15% concentration turmeric at par garlic and black pepper (Shukla and Dwivedi 2012). Sundaramoorthy et al. (2013) detailed that use of 10% aqueous leaf concentrates of Allium alliaceum and other Allium sp. displayed expansion in PO, PPO. PAL and total phenol contents in mungbean plants innoculated with Macrophomina phaseolina greenhouse test. According to Dissanayake (2013) study, aromatic ginger (91%) and wild basil (89%) and could be employed as potent antifungal agents, whereas methanol crude extracts of Neem (83%), Ginger, and Wild Basil have strong fungistatic and fungicidal effects against the fungus F. oxysporum. Fungitoxic effect against F. oxysporum were also reported by Khaleel et al. (2014) in Allium sativum, Azadirachta indica, Zingiber officinale, Calatropis procera, Moringa oleifera and Parthenium hysterophorus. Solanum indicum, Azadirachta indica, Oxalis latifolia proved to be potential in inhibiting the growth of the F. oxysporum f. sp. Lycopersici (Kumar et al., 2015; Kumar and Dabbas 2016).  Fusarium oxysporum f. sp. Vigni causes wilt of mungbean and can be managed by Garlic extract (Choudhary et al., 2017). Palmarosa (Cymbopogon martinii var. motia) inhibit the growth of Fusarium oxysporum f. sp. ciceri (Yadav et al. 2017). Bougainveilliea spectapbilis extract effectively inhibit the growth of Fusarium oxysporum f. sp. udum as tested by Ghante et al. (2019). The efficiency of extracts was found to be slower in inhibiting mycelial growth as concentration of the extracts dropped, according to Zope et al. (2019). The mycelial growth of F. oxysporum f. sp. ciceri was discovered to be inhibited by ashwagandha leaf, bawchi seed, and kali haldi root extracts. At 1000 g ml-1 (32.414%), 500 g ml-1 (33.152%), and 250 g ml-1 (29.35%) concentrations, Ashwagandha supplementation was found to have the greatest average effect on the percentage of F. oxysporum mycelial growth inhibition. Nishioka et al. (2019) investigated that the suppression of cucumber Fusarium wilt and the pathogen multiplication by Allium (Welsh onion and / or onion)-cultivated soils were eliminated by heat treatment at 60 °C, whereas those by Welsh onion-root extract were lost at 40 °C. Allium cultivated field accumulate the antagonistic Flavobacterium species in soil which plays a key role in Fusarium wilt suppression. Parthenium leaf extract also suggested by Vani et al. (2019) against Fusarium oxysporum. Withania somnifera seed was used in a detailed investigation by Kumar et al. (2022) to isolate an endophytic bacterium and assess the potential biocontrol ability of the bacteria against soil-borne diseases including Fusarium oxysporum f. sp. ciceri and Rhizoctonia solani. And Pseudomonas stutzeri was found to be the isolated endophytic bacteria. P. stutzeri demonstrated biocontrol activity against plant diseases, which can be exploited as possible bio-pesticides, according to the study's findings.

Biological control 

Popularization of bio pesticides is very slow as compared to chemicals and only 2% bio pesticides are available, among the different bio pesticides, Trichoderma is most exploited and have many success stories. Trichoderma viride and Trichoderma harzianum have curved a niche for themselves in India as important biocontrol agents for management of various diseases (Kumar et al., 2014). In recent past, Trichoderma has gained maximum popularity as an effective and ideally used biological control agent for management of soil borne pathogens. Antifungal, anti nematode, plant growth promoting and plant defense inducing activities of Trichoderma was revealed (Kumar et al., 2012). Some important soil borne pathogens against which species of Trichoderma showed promise are Pythium, Fusarium, Rhizoctonia, Sclerotium and Macrophomina. These pathogens causes diseases like damping off, wilt, root and collar rot and stem canker. 

Culture filtrate of Gliocladium virens hamperd  (69%)  the radial growth of Fusarium udum. Trichoderma harzianum also showed inhibition against the test pathogen (50.6-60.6%) (Singh et al.; 2002; Kumar et al. 2009). Antagonistic potential of nineteen isolates of Trichoderma ascribed to three species namely: Trichoderma harzianum (Th), Trichoderma viride (Tv) and Trichoderma koningii (Tk) against phytopathogen viz., Fusarium oxysporum f. sp. lentis, causing wilt of lentil. Among the different isolates of Trichoderma isolate-5 and 7 of Th, 2 and 18 of Tv were found to be more efficient amongst all, as they showed better antagonism against the phytopathogen. Metabolites extracted from liquid culture filtrates also depicted almost the same trend of superiority as mentioned in dual culture i.e, the same isolates further proved its better potentiality when compared with rest, Th-5 with superior bio-antagonistic potential (Chand and Singh, 2005; Choudhary and Mohanka, 2012). Trichoderma harzianum exhibited highest inhibition percent followed by Trichoderma viride, Gliocladium virens and Pseudomonas fluorescence in seeds of pea after treating seeds with these bioagents against root rot (Hamid et al 2012; Kapoor et al.,2012; Chaudhary et al., 2018; Suresh et al., 2022) in pot. Trichoderma against Fusarium oxysporum (Potato wilt) for their biocontrol efficacy under In-vivo condition were collected and tested (Ommati and Zaker 2012) and volatile and non-volatile metabolites but T. asperellum and T. atroviride were efficient in inhibiting the mycelial growth of the pathogen (Ommati and Zaker 2012). Competitive interaction between Trichoderma harzianum- ThzID1-M3 and Fusarium solani f. sp. pisi (Fsp).  were also reported in Kim and Knudsen (2013) studies. Hassan et al. (2013) also suggested Trichoderma hamatum as best biological controlling agent for the vascular wilt disease of lentil. Bioformulation prepared from Trichoderma viride is user friendly and easily available and effectively manage growth of fusarium pathogen (Patel and Patel 2014; Chaudhari et al., 2017; Kumari et al., 2020). Many soil borne pathogens like Fusarium graminearum, Rhizoctonia solani and Pythium ultimum can be maintened by Trichoderma aspellerum (Raut et al. 2014). Soil application and seed treatment of T. viride and P. fluorescens has good potential in controlling diseases of pea (Kumar, 2015) . Trichoderma viride, followed by Trichoderma koningii significantly reduce the growth of  Fusarium oxysporum f. sp.ciceri in study of Hossain et al., 2013; Patil et al., 2015; Magar et al., 2020) . Potential of parasitizing the growth Fusarium oxysporum f. sp. Lentis; Fusarium oxysporum f. sp. pisi. And Fusarium oxysporum f. sp. Melongenae was recorded in results of Kumar et al. (2016), Singh et al. (2016) and  Cherkupally et al. (2017) respectively affter using antagonist Trichoderma viride, Trichoderma harzianum and Trichoderma virens. Efficacy of Trichoderma species is inhensed by  combination with carboxin for management of wilt (Animisha et al., 2012; Dubey et al., 2007) .

Essential oil 

Most active essential oil is lemongrass, clove, cinnamon bark, cinnamon leaf, cassia, fennel, basil and evening primrose found effective  against Fusarium oxysporum f. sp cicer and Alternaria porri (Pawar and Thakre., 2007). Significant antifungal effect was percieve with Cinnamomum zeylanicum, Thymus vulgaris and Syzygium aromaticum oils against Fusarium oxysporum f. sp. gladioli which had complete inhibition at 100, 150, 200, 250 and 300 ppm(Necha et al., 2009). Strongest inhibitory antifungal activity on sporulation and mycelium growth was noticed in   Origanum vulgare sub sp. hirtum and Mentha spicata when tested against many soil borne pathogens by Kadoglidou et al. (2011). Clove and thyme oils, also pure citral, eugenol and thymol at 500 μL/L, exhibited the highest antifungal activity against Fusarium isolates (Manganyi et al., 2015). Lemon grass confirmed 100 % inhibition followed by 85% in spearmint against Fusarium oxysporum (Mekonnen et al., 2019). In a greenhouse transplanted seedling which are dipped in spore suspension of Fusarium oxysporum f. sp. lycopersici results best in pots treated with clove essential oil immediately after transplanting (Torre et al., 2016; Sharma et al., 2017). Conidial germination of Fusarium oxysporum f. sp. fragariae causing Fusarium wilt of strawberry plant is also controled by using cinnamon oil (Young Park et al., 2017). Gas gromatography of Origanum vulgare L. showed 98.46% of monoterpenes and Cinnamomum zeylanicum showed 89.27% of phenylpropanoids (Gonçalves et al., 2021) . 

Nanoparticle 

The growth of sclerotial germination showed that the nanoparticles had a strong ability to suppress it. A microscopic examination showed that hyphae exposed to silver nanoparticles suffered severe damage, which caused the layers of the hyphal wall to separate and the hyphae to collapse (Ji-seon, 2009). The AgNPs have great antifungal properties (Kim et al., 2012; Abkhoo and Panjehkeh, 2017) against different phytopathogenic fungi including Fusarium oxysporum. Copper nanoparticles in combination with the commercial antifungal drug Bavistin (Kanhed et al., 2014) have antifungal activity against different plant pathogenic fungus, including Fusarium oxysporum, C. lunata, A. alternata, and P. destructiva. CuNPs also have exhibited great effectiveness against the crop pathogenic fungus Fusarium c., Fusarium oxysporum, and Fusarium equiseti, according to Bramhanwade's (2015) evaluation. Chitosan copper oxide nanocomposites (Ch-CuO) and chitosan-zinc oxides nanocomposites (Ch-ZnO) were show best result against FOC (Kaur et al., 2018). Change on morphological characters as well as on cell membrane damage is recorded in microorganism namely Fusarium solani, Neofusicoccum sp., and Fusarium oxysporum by Pariona et al. (2019) afetr using Cu-NPs. CuNPs of different size were significantly effective against Fusarium oxysporum and Phytophthora capsici (Pham et al., 2019). The size of the nanoparticle had an inverse relationship with antifungal activity. With the use of AgNPs, Akpinar et al. (2021) were able to gradually reduce conidial septation as well as the ratios of micro- and macroconidia of Fusarium oxysporum f. sp. radicis-lycopersici. Copper nanoparticles in different concentration against Fusarium oxysporum f. sp. lycopersici also show inhibition in the study of Lopez-lima et al. (2021)

 Alternatives

Investigation on defence enzymes on tomato plant were performed by Ojha and Chatterjee (2012) result that the application of Trichoderma harzianum and salicylic acid enhances the peroxidase and polyphenol oxidase activity SA and TH treated plants. Antifungal activity of monopotassium phosphate (KH2PO4) and dipotassium phosphate (K2HPO4) was evaluated as possible alternatives to synthetic fungicides for the control of Sclerotinia sclerotiorum, Uromyces appendiculatus, Puccinia triti fungi by Arsla U (2015). The percentage of mycelial growth and spore germination and germ tube elongation were suppressed. K2HPO4 at 2% completely inhibited the mycelial growth of Sclerotinia sclerotiorum (Lib.). result suggested that monopotassium phosphate (KH2PO4) and dipotassium phosphate (K2HPO4)  should be used as a protective fungicide. Ecofriendly compounds chitosan and oligochitosan reducing spore viability and germination and by disrupting their cell membrane (Hassan and Chang, 2017). Secondly, it induce of different defense responses in host plants by inducing and/or inhibiting different biochemical activities during the plant-pathogen interaction. Chitosan has been assayed for controlling numerous pre and postharvest diseases of many crops. Chitosan also has the positive effect of enriching biodiversity in the rhizosphere. 

Different salts

Different organic and inorganic salts have been examine and recorded effective supretion in the mycelial growth of fusarium or other pathogens by many workers.  Causal agent of potato dry rot (Fusarium solani) was completely inhibited in sodium benzoate at 0.1 M concentration that was the lowest contiontration and 100% inhibition in sporulation (Elsherbiny AE and El-Khateeb AY. 2012) . Other salt impact on Fusarium solani var. coeruleum pathogen in potato tubers were also examined and results show that different salt aluminium acetate, aluminium chloride, sodium benzoate, sodium metabisulfite, potassium sorbate and trisodium phosphate completely inhibit mycelial growth. Conidia of test pathogen when exposed for 1 hr to aluminium acetate, potassium sorbate, sodium benzoate, sodium metabisulfite or trisodium phosphate at 0.2 M resulted in 100% mortality while 100% mortality seen after 24 hrs of exposure in aluminium chloride and aluminium lactate (Mecteau et al., 2008). Ammonium  bicarbonate,  ammonium carbonate  and sodium  metabisulfate  totally  inhibited  mycelial  development (Muharrem turkkan, 2013). Study for evaluating the efficacy of various salts against Fusarium oxysporum f. sp. melongenae was conducted by Yildirim et al. (2022)  and resulted that ammonium bicarbonate/carbonate, potassium benzoate/sorbate, sodium benzoate/carbonate/metabisulphite at 2.0% completely inhibit  mycelial growth and spore germination of the fungus.

Use of fungicides 

Recently, chemicals including Diflotan, Mannitol, and Benlate have been used to treat Fusarium wilt, however due to their precise dosage requirements and environmental hazards, their use is either prohibited or restricted. The fungicides Topsin-M, Carbendazim, Nativo, and Amistar work well against Fusarium wilt. Using synthetic chemicals to control disease is not environmentally friendly. However, due to the lack of efficient biocontrol agents, we must rely on these chemical pesticides to control diseases in order to produce appropriate yields. (Gianessi and Reigner, 2006). Seed tretment: Seed treated with fungicides such as proportionate mixture of Benomyl + Thiram, Carbendazim + Thiophanate (0.15 + 0.10%) were found to be very effective in reducing the Fusarium wilt population (Sinha et al. 2018). Lentil wilt is controlled by the seed treatment with Thiram + Pentachloronitrobenzene or Thiram + Carboxin. Antracol, Captan, Benlate, Topsin-M, Cobox, Dithane M-45, Acrobat, Pentachloronitro- benzene (PCNB), Ridomil, Sancozeb, Vitavax, Daconil and Trimiltoxforte are sensitive against Fusarium oxysporum f. sp. ciceris. Bavistin gave best result for seed treatment (Yadav et al., 2018). Sjarpe et al. (2019), suggested that the Fluopyram seed treatment can reduce the root colonization of Fusarium sp. Matalaxyl 8% + Mancozeb 64% @ 0.2% was found superior in seed germination, shoot length, root length and vigour index (Chaudhari et al., 2017). Percentage of seed germination was maximum in copper oxychloride treated seed followed by carbendazim + mancozeb, thiram and carbendazim. Percentage of seed germination was maximum in copper oxychloride treated seed after that in some promising fungicides like carbendazim + mancozeb, thiram and carbendazim (Animisha et al., 2012; Ali et al. 2013; Patel et al., 2021).  

In-vitro management: Raxil Ultra (Tebuconazole), Topsin-M (Thiophanate Methyl), Score (Difenconazole), Derosil (Carbendazim), Hombre (Imidacloprid+Tebuconazole) and Divident Star (MetalaxylM+Difenconazole)  found effective  against pea wilt (Sinha et al. 2018; Kumari et al., 2020; Fatima et al., 2021). Two fungicides namely Tegula (tebuconazole) and Thiomil (thiophanate-methyl) show potential against three problematic soil-borne fungal phytopathogens namely Macrophomina phaseolina, Fusarium oxysporum f. sp. lycopersici and Sclerotium rolfsii isolated from diseased cowpea, tomato, and chickpea respectively. Both were found effective (Kanwal et al. 2012). Lowest incidence of Fusarium oxysporum f. sp. cicer and other species of Fusarium  in Carbendazim and Thiophanate-methyl treatment (Maitlo et al., 2014; Dahal and Shrestha., 2018; Chanu et al. 2019; Syed., 2019). Efficacy of propiconazole (100%), copper oxychloride (100%), bavistin (100%), mancozeb (100%), SAAF (100%) and tebuconazole (100%) against fungal growth of Fusarium oxysporum (Kumar et al. 2016; Jalim and Ashraf 2020; Patel et al., 2021). At 1000 and 1500 ppm, Carbendazim exhibited 100% fungal growth inhibited (Patra and Biswas 2016). Fungicide Difenoconazole commercially available in market as score is highly effective at 5ppm and 10ppm whereas Tebuconazole results best inhibition at 100ppm (Khan et al., 2016) against F. oxysporum. Raxil fungicide inhibite 100 percent mycelium of lentil wilt causing pathogen (Arya et al.,2018; Suresh et al., 2022). Tebuconazole 25.9% EC works as efficient fungicides for the treatment of fenugreek wilt causing pathogen (Bhimani et al., 2018; Golakiya et al., 2018; Magar et al. 2020). Pathogen Fusarium oxysporum f. sp. cubense in-vitro by poisoned food (Niwas et al. (2020). Propiconazole (0.15%) most effective in inhibiting radial growth of the pathogen followed by copper oxychloride. And the effectiveness of fungicide was 100% in propiconazole and 97.22 in copper oxychloride (Kumar et al., 2017).

Glass house/poly house/ Soil application: In glass house condition, these fungicide used as seed dresser in pot experiment. Bavistin (0.2%) is most effective against Fusarium wilt (90.07% disease control) with maximum seed germination (97.43%), as well as minimum wilt incidence (7.76%) and maximum yield (535.00 g/pot green pods). Further, next best effective fungicides were Copper oxychloride (0.2%) and tebuconazole (0.2%) which were statistically as par in case of disease intensity (Kumar et al. 2016). Fusarial wilt of carnation is effectively managed by Manasa et al. (2017) after using Propiconazole @ 0.1 percent followed by Carbendazim @ 0.2 per cent were significantly found effective in reduction of soil population of Fusarium and wilt incidence in polyhouse condition. Furrow application of Prothioconazole, Fluopyram, and Penthiopyrad provided the most consistent results against field pea rot caused by Fusarium spp. (Modderman et al. 2018). Aslam et al. (2019) observed different fungicide application methods in different condition with following fungicides, Thiophanate methyl, Acrobat, Matalyxal and Fosetyl aluminium and concluded that in green house condition flooding method was proved more affective against wilt disease of pea. Acrobate provided more appreciable response to decrease disease incidence during flooding method and Fosetyl Aluminum showed good efficiency in inhibition of pathogen during seed treatment and spraying method.  Combination of Tebuconazole 10% + Sulphur 65%WG can be explored to control the wilt disease of pea crops in the field (Zafar et al., 2020; Sagar et al., 2021).  Vani et al. (2019) suggested the combination of  Mancozeb + Thiophanate methyl (0.15%) for the management of Fusarium pathogen as it inhibite sporulation of pathogen. Fusarium oxysporum f. sp. cepae and Fusarium acutatum was managed by Prochloraz, Azoxystrobin + Tebuconazole, and Fludioxonil + Sedaxen (Degani and Kalman., 2021). 
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