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“Viral diseases, an emerging threat to marigold cultivation”
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ABSTRACT 

Marigold (Tagetes spp.) is a commercially significant ornamental crop in the family Asteraceae. It is valued for its bright, attractive flowers, which are extensively used in religious and cultural ceremonies, garland making, and decorative purposes. It possesses recognized insecticidal and medicinal properties due to its phenolic and antioxidant compounds. Despite its widespread use, the crop is highly susceptible to various pathogens, including viruses, which cause substantial yield loss. Several viruses have been reported in marigold, causing a variety of symptoms such as chlorosis, mosaic patterns, mottling, and bronzing. This review highlights the different viruses infecting marigolds, focusing on their symptoms, host range, and mechanisms of transmission.
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1. INTRODUCTION 

Marigold is a short-duration, annual ornamental flowering crop native to Central and South America. It thrives primarily in warm and temperate climates. There are 33 species of marigold known, with the two most common being the French marigold, Tagetes patula, and the African marigold, Tagetes erecta (Gurjar et al., 2019). African marigolds are large and round with many petals, often growing up to 10 cm across, while French marigolds are smaller, flatter, and have fewer petals (Giri et al., 2016). Owing to its significance in religious and cultural rituals, it is widely cultivated in Maharashtra, Rajasthan, Haryana, Delhi, Andhra Pradesh, West Bengal, Tamilnadu and Karnataka in India (Kaur et al., 2021).
Marigold is valued economically for its ornamental flowers, extraction of tagetes oil, and effectiveness in controlling nematodes (Usman et al., 1972). It is widely cultivated as a garden plant and produces a highly fragrant essential oil (Tagetes oil), primarily utilized in the formulation of premium perfumes (Singh et al., 2020). ​French marigolds (Tagetes patula) are highly effective in protecting plants from a broad spectrum of nematodes, offering superior protection (Rai et al., 2021). Marigold as an intercrop with cowpea is also effective in managing nematodes (Olabiyi and Oyedunmade, 2007). When intercropped with Solanaceous vegetables such as tomato, potato, brinjal, and chilli, marigold functions as an effective companion crop by attracting and suppressing key pests including tomato fruit borer, jassids, whiteflies, epilachna beetles, and cutworms (Parihar et al., 2025). Various parts of the marigold plant, including its flowers, are used to treat a variety of ailments in traditional folk medicine. The leaves, for instance, are used as an antiseptic and are also applied to boils and carbuncles. They are also used to treat kidney problems, muscular pain, and piles (Singh et al., 2020). The crop is being grown commercially for the extraction of carotenoids. 
Despite marigold's natural properties that combat insects, fungi, bacteria, and larvae, the plant is still vulnerable to various diseases caused by pathogenic fungi, viruses, and bacteria, which damage the plants and reduce their yield. Marigolds are affected by many diseases, including fungal infections like wilt and stem rot, collar rot, Alternaria leaf spot, and Cercospora leaf spot. It is highly susceptible to Fusarium wilt, especially in sandy soils and at slightly acidic pH, with disease severity increasing under infrequent irrigation and optimal temperatures around 23°C (Singh et al., 2017). They are also affected by bacterial wilt and several viruses, such as Cucumber mosaic virus, Marigold mosaic virus, and Marigold mottle virus (Gurjar et al., 2019). 
Viral diseases are responsible for the poor quality of flowers in terms of size, shape, and colour, leading to significant yield losses. It poses a significant threat to marigold crops, impacting both their yield and overall quality. These viruses commonly spread through insect vectors like aphids and whiteflies, as well as via infected seeds, tools, and planting materials. Many weeds and other alternative hosts, including ornamental and wild plants near crop fields, serve as a natural reservoir of plant viruses (Sivalingam and Varma, 2007; Mathews and Dodds, 2008). This allows the viruses to persist and infect new crops when they are planted, playing a key role in the development of virus epidemics.
This review examines the impact of viral diseases on marigold cultivation, a critical source of income for many farmers in India, particularly during festival seasons. Viral infections pose a significant threat, as evidenced by a marked reduction in flower production in affected plants. The discussion will cover the various viruses that infect marigolds, their associated symptomatology, host range and their modes of transmission.


2. GENERAL SYMPTOMS OF VIRAL DISEASES IN MARIGOLD

Viral infections in marigold plants are characterized by a series of progressive symptoms that lead to significant yield reduction. Several marigold plants showed typical virus-associated symptoms including leaf yellowing, mosaic development, vein chlorosis, and slight curling. The diseased plants were noticeably stunted and produced a reduced number of distorted flowers. Growth inhibition was further characterized by the formation of small, densely clustered leaves surrounding the main stem. In the later stages, plants showing severe symptoms, exhibited halted growth along with necrosis at the terminal regions (Sultana et al., 2014). Purple colour on the leaves and curling of the infected plants were the major symptoms in Tagetes erecta (Ara et al., 2012).
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Fig 1.Curling of leaves                          Fig 2. Bronzing of leaves
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                         Fig 3. Yellowing and mosaic                                  Fig 4. Mottling of leaves                                      
                                       patterns on leaves


3. VIRUSES REPORTED IN MARIGOLD
 
	A wide variety of viruses from families such as Cucumoviruses, Ilarviruses, Tospoviruses, Begomoviruses, Potyviruses, and Fabaviruses are known to cause diseases in marigolds. 
Table 1 : The list of viruses reported in marigold are given in the table given below
	S.NO
	VIRUS
	MARIGOLD SPP.
	REPORTED IN 
	REPORTED BY

	1
	Tomato spotted wilt virus
	Tagetes erecta L.


Tagetes erecta


Tagetes patula

Tagetes patula

Tagetes spp. 

	Bulgaria


Greece


Tehran, Iran

Italy

India
	Bakardijeva. and Hristova, 1998

Chatzivassiliou et al., 2000

Moini et al., 2000

Tehrani et al., 1990

Chinnaih et al., 2023

	2
	Cucumber mosaic virus
	Tagetes erecta

Tagetes erecta L.

Tagetes erecta L.

Tagetes erecta L.
	Gorakhpur, India
Aligarh, India
Coimbatore, India
Delhi, India
	Joshi and Dubey, 1972

Singh et al., 1999

Usman et al., 1972

Sang, A., & Varma, A. (1975). Marigold mosiac virus.

	3
	Potato yellow dwarf virus
	Tagetes erecta
	Minnesota, USA
	Lockhart, 1989

	4
	Potato yellow vein virus
	Tagetes spp
	Rionegro, Colombia
	Salazar et al., 2000

	5
	Potato virus Y
	Tagetes patula



Tagetes erecta (Pusa Narangi Gianda)
	Andhra Pradesh, India 

Solan, India
	Rahaman and Rao, 1992


Bharadwaj et al., 2005

	6
	Tomato yellow ring virus
	Tagetes spp.
	Markazi and Tehran, Iran
	Ghotbi et al., 2005

	7
	Tobacco streak virus
	Tagetes patula


Tagetes patula

	Andhra Pradesh, India 

Tehran, Iran
	Prasadroa et al., 2003

Ghotbi et al., 2006

	8
	Ageratum enation virus
	Tagetes patula
	Sikar, India
	Marwal et al., 2013

	9
	Papaya ring spot virus
	Tagetes erecta L.
	Gazipur, India
	Sultana et al., 2014

	10
	Turnip mosaic virus
	Tagetes erecta L.
	China 
	Yin et al.,2021

	11
	Broadbean wilt virus 2
	Tagetes erecta
	China
	Dong et al., 2021

	12
	Marigold mosaic virus
	Tagetes erecta L.
	China
	Yin et al., 2021

	13
	Marigold cryptic virus
	Tagetes erecta L.
	China
	Yin et al., 2021

	14
	Tomato leaf curl virus
	Tagetes erecta L.
	Bangalore, India
	Sastry,1984)




4. SPREAD OF THE VIRUS

Viral infections significantly affect marigold crops, causing substantial yield losses and reduced ornamental quality. Cucumber mosaic virus (CMV) is the most prevalent virus worldwide. A survey by Khadka et al. (2025) across 13 districts of Nepal (2021–2023) reported CMV disease severity ranging from 20% to 100%, with the highest levels (70–100%) concentrated in mid-hill regions with favorable climatic conditions. Tobacco streak virus (TSV) also showed notable disease severity in marigold (Tagetes patula), with natural incidence rates of 15–37% in Andhra Pradesh, India. Marigolds play a key role in the epidemiology of TSV, serving as reservoirs that facilitate virus spread in mixed cropping systems, which can lead to severe epidemics in crops such as groundnut, causing groundnut stem necrosis disease (Prasadrao et al., 2003). Emerging viruses like Marigold mosaic virus (MMV) and Marigold cryptic virus (MCV) have been reported in China, though their impact on Indian marigold cultivation remains under study.
 

5. VIRUSES DOCUMENTED IN INDIA AND WORLDWIDE

Cucumber mosaic virus (CMV) is the most frequently reported virus infecting marigold both in India and worldwide, owing to its wide host range and global distribution. In India, CMV often occurs in mixed infections with Papaya ringspot virus (PRSV), although pure CMV isolates are more consistently associated with typical viral symptoms in the crop. Besides CMV, marigolds are susceptible globally to viruses such as Turnip mosaic virus (TuMV), Broad bean wilt virus 2 (BBWV-2), Marigold mosaic virus (MMV), and Marigold cryptic virus (MCV), though many of these are rarely reported in India. MMV and MCV have been recently detected in China, but remains less documented within India, whereas PRSV is predominantly reported in India. In addition, marigolds in India are also susceptible to begomoviruses like Ageratum enation virus.

5.1 Cucumovirus

Cucumovirus are a genus of plant viruses within the family Bromoviridae. They are characterized by their multipartite RNA genome and are transmitted between plants by aphids in a non-persistent manner.

5.1.1 Cucumber mosaic virus

Cucumber mosaic virus (CMV) is the type species of the genus Cucumovirus, within the family Bromoviridae. It has an icosahedral structure with a tripartite, positive-sense RNA genome, and is transmitted by aphids in a non-persistent manner (Palukaitis et al., 1992). The virus was first reported in 1916 as a disease of cucurbits by Doolittle in Michigan and by Jagger in New York (Jain et al.,2021). Today, CMV is considered one of the most widespread plant viruses in the world, with an extensive host range that includes about 1,000 species of cereals, fruits, vegetables, and ornamentals (Roossinck, 1999). In India, CMV infections have been recorded in a diverse range of plant hosts.
 
5.1.1.1 Symptomatology 

Cucumber mosaic virus causes different types of symptoms depending on the host plant. CMV most frequently causes mosaic patterns on plants. However, the impact of the disease can vary significantly, from showing no visible symptoms in certain crops to being lethal for the host plant (Zitikaitė et al., 2011). The marigold plants infected with CMV exhibited yellow mosaic symptoms on their leaves, along with vein chlorosis, mild curling and downward cupping of leaf edges. The leaves also showed shoestring symptoms, distortion, and a significant reduction in size. Plant growth was severely stunted, and the flowers were notably smaller, irregularly shaped, and dull in color, often failing to reach full bloom (Khadka et al., 2025).

5.1.1.2 Identification of the virus

For the preliminary detection of the virus, the collected samples showing symptoms like mosaic patterns, leaf distortion, and stunting were tested in several ImmunoStrips (AgDia, Elkhart, IN, USA) to detect CMV antigens. A coloured line appearing on the test region of the strip indicated the presence of CMV. Reverse transcription polymerase chain reaction (RT-PCR) was then performed to amplify conserved sequences in the viral RNA1 using a set of Bromovirus universal primers. The primers used were Bromo-Fw (5′-CCAACGGAA TTCCTCACTAAACGCTCCYCAYRGICTKGCTGGTGCYCT-3′), Bromo-Rv (5′-CAC ATCGGAACTCGGTACCTCCCATRTCATAACCICCATGIAT-3′), Bromo-RT (5′-RTC RAACAICATIGCICCRTCGAACAT-3), Adaptor-RC5 (5′-CCAACGGAATTCCTC ACTAAAC-3′), and Adaptor-RC3 (5′-CACATCGGAACTCGGTACCT-3′) (Seo et al., 2014).The amplified DNA fragments were purified and sequenced, and the resulting nucleotide sequences were analyzed using BLAST and phylogenetic analysis and the virus was confirmed as CMV. Results revealed that the CMV isolate shared 87–99% nucleotide identity with other CMV isolates deposited in GenBank (accessions: ON759470.1 to MN399744.1) (Khadka et al., 2025).
 5.1.1.3 Transmission 

Over 75 aphid species are known to transmit CMV in a non-persistent manner (Fritzche et al., 1972). Weed hosts act as significant reservoirs for plant viruses and serve as sources of inoculum, which are crucial for the development and spread of viral disease epidemics in crops (Madhubala et al., 2005). CMV was found to be seed transmitted in case of marigold plants (Sultana et al., 2014).

5.1.1.4 Host range

Cucumber mosaic virus (CMV) has an exceptionally broad host range, infecting over 1,200 types of both wild and cultivated plants, including numerous dicotyledons and some monocotyledons. The virus has been documented to cause disease in a wide variety of plants, such as cowpea, celery, cucurbits, pepper, lettuce, tomato, chilies, banana, pasture legumes, kava, and various ornamental plants ((Palukaitis et al., 1992); Flasinski et al., 1995; Davis et al., 1996; Gafny et al., 1996; Latham et al., 1999; Iqbal et al., 2011; Ashfaq et al., 2014b). Ornamental plants are particularly important in the spread of CMV because they act as reservoirs for the disease (Ashfaq et al., 2017). 
In a study conducted by Sultana et al., 2014, it was found that plant species from seven different families namely Amaranthaceae, Chenopodiaceae, Compositae, Cucurbitaceae, Leguminosae, Malvaceae and Solanaceae responded positively to CMV and produced different kinds of symptoms. Chlorotic local lesions developed on Chenopodium amaranticolor, Datura metel, and Datura stramonium, while necrotic local lesions were observed on Gomphrena globosa and Phaseolus vulgaris. Systemic mosaic symptoms were induced in a wide range of host plants, including cucurbits (Cucumis melo, Cucumis sativus, Citrullus lanatus, Trichosanthes cucumerina, Cucurbita pepo, Lagenaria siceraria, Luffa acutangula, Benincasa hispida), solanaceous species (Nicotiana tabacum, Nicotiana glutinosa, Capsicum annuum, Solanum melongena, Lycopersicon esculentum, Physalis floridana), and legumes (Glycine max, Pisum sativum, Vigna sinensis, Vigna unguiculata), as well as okra (Abelmoschus esculentus) (Sultana et al., 2014).

5.2 Ilarvirus

Ilarviruses are a group of isometric and labile viruses that can infect herbaceous and woody hosts (Pallas et al., 2012). They include viruses having tripartite quasi-isometric particles of size 27 to 35 nm (Fauquet et al., 2005). It was reported on several crops and weeds in the peninsular India (Prasadarao et al., 2003b; Kumar et al., 2006; Jain et al., 2008).

5.2.1 Tobacco streak virus

Tobacco streak virus (TSV) is a RNA virus with three positive-sense, single-stranded RNA segments and belongs to the genus Ilarvirus, of the family Bromoviridae. It was reported on several crops and weeds in peninsular India (Prasadarao et al., 2003; Kumar et al., 2006). During a survey conducted in Andhra Pradesh following an epidemic caused by TSV, marigold was identified as one of the naturally occurring hosts of TSV (Prasada Rao et al., 2003).

5.2.1.1 Symptomatology 

Kumar et al., 2008 reported that the typical symptoms of TSV include leaf chlorosis and necrosis, necrotic streaks on petioles, stems, and floral parts, along with stunted growth. When infection occurs at the seedling stage, plants often die prematurely. Infections at the mid-growth stage lead to leaf necrosis and a drastic reduction in yield, while late-stage infections usually cause only mild chlorosis with minimal impact on growth and productivity. On infected leaves, Tobacco streak virus initially causes small chlorotic yellow spots that later develop into necrotic purple spots with distinct yellow halos. As the infection advances, necrotic streaks appear along the petioles, reducing bud and flower production, and in severe cases, leading to the drying of the plant parts.

5.2.1.2 Identification of the virus 
 
Kumar et al, (2025) collected 30 samples of marigold plants from different regions of Karnataka, Maharashtra, and Tamil Nadu. Serological assays indicated a positive reaction, confirming the presence of TSV. Mechanical inoculation from symptomatic plants into cowpea leaves resulted in the development of characteristic symptoms of TSV. Total RNA was extracted from symptomatic marigold leaves, cowpea leaves, seed samples and thrips collected from infected fields. RT- PCR was carried out with primers specific to TSV coat protein gene, which amplified a ∼700 bp fragment from all the tested samples. Sequencing of the cloned amplicons showed more than 97% nucleotide similarity with Indian TSV isolates previously reported from okra, cotton, groundnut, sunflower, and cucumber.

5.2.1.3 Transmission

Tobacco streak virus is transmitted by thrips through pollen and can also be experimentally spread via mechanical sap inoculation, grafting, and dodder (Cuscuta campestris) (Kumar et al., 2008). However, TSV is not transmitted through direct contact between plants or through the soil (Fulton, 1985). Three species of thrips, Frankiniella schultzei, Scirtothrips dorsalis, and Megalurothrips usitatus were found to be involved in pollen-assisted transmission of TSV (Shukla et al., 2005).
The disease is endemic in specific geographic areas where high populations of its primary insect vectors, Thrips tabaci Linderman and Frankliniella occidentalis Pergande, have flourished.​ Greber et al. (1991) reported another vector species, Microcephalothrips abdominalis Crawford which is also known to transmit the virus.This increased vector density is directly linked to the co-occurrence of Ambrosia polystachia L., a weed known to serve as a host for the virus, thereby creating an optimal environment for vector reproduction and disease perpetuation (Kaiser et al., 1982; Costa and Carvalho, 1961). Parthenium, Ageratum conyzoides, and Commelina benghalensis are the other commonly occurring weeds found to be infected by TSV (Prasad rao et al., 2003).
TSV was found to be seed transmitted in several crop species (Kaiser et al., 1982, 1991; Fulton, 1985; Sdoodee and Teakle, 1987, 1993). Studies in India have shown no evidence of seed transmission in naturally or artificially infected groundnut, sunflower, parthenium, or several other annual hosts (Prasadarao et al., 2003; Reddy et al., 2002). However, in a study conducted by Jain et al., (2008), seed transmission of TSV was observed in cucumber and gherkin from Southern Karnataka, with rates varying between 2.7% and 65.7%. Seed transmission of TSV has been documented in both legumes and weed species, with rates reaching as high as 90% in soybean, depending on the cultivar. However, the possibility of TSV being transmitted through seeds in marigold has not yet been thoroughly investigated (Kumar et al., 2025).

5.2.1.4 Host range

The natural host range of TSV in India includes marigold (Tagetes erecta), bottle gourd (Luffa cylindrica), chilli (Capsicum annuum), cotton (Gossypium hirsutum), cowpea (Vigna unguiculata), Crossandra (Crossandra infundibuliformis), cucumber (Cucumis sativus), gherkin (Cucumis anguria), groundnut (Arachis hypogaea), ixora (Ixora coccinea), jute (Hibiscus cannabinus L.), mungbean (Vigna radiata), niger (Guizotia abyssinica), okra (Abelmoschus esculentus), pumpkin (Cucurbita pepo), safflower (Carthamus tinctorius), sesame (Sesamum indicum), soybean (Glycine max), sunflower (Helianthus annuus), sunhemp (Crotalaria juncea) and urdbean (Vigna mungo) and several other weed species as reported in India upto 2007 (Ravi et al., 2001; Reddy et al., 2002;Rao et al., 2003; Krishnareddy et al., 2003; Prasadarao et al., 2003; Jain et al., 2005; Prasad et al., 2005; Kumar et al., 2008; Ladhalakshmi et al., 2006).

5. 3 Tospovirus

           The Tospovirus genus is a unique member of the Bunyaviridae family. It is distinguished by its ability to infect plants, a characteristic not shared by other Bunyaviruses. It was reported more than a century ago, but its significance has risen sharply since the 1980s with the global spread of the key insect vector Frankliniella occidentalis and the identification of several new viruses (Oliver and Whitfield, 2016). It was first identified in Australia in 1915 with the discovery of Tomato spotted wilt virus (TSWV), the genus was initially considered a single species, however, subsequent molecular analysis, particularly since the 1990s, led to a rapid expansion of the genus, which now includes 11 officially recognized species and 17 additional described species. 


5.3.1 Tomato spotted wilt virus

             Tomato spotted wilt virus (TSWV) is an RNA virus with a negative-sense, single-stranded genome that is a member of the genus Orthotospovirus. It was first described in 1915 in Australia by Brittlebank (1919) and is the type species of the genus Tospovirus in the family Bunyaviridae (Best, 1968). It infects more than 900 plant species worldwide (Chinnaih et al., 2023). India remained free from TSWV until the virus was first identified in chrysanthemum (Dendranthema grandiflorum L.) and snapdragon (Antirrhinum majus) in the Nilgiris region (Renukadevi et al., 2015; Senthilraja et al., 2018).

5.3.1.1 Symptomatology

            Chinnaiah et al., 2023 reported that the marigold and tomato plants growing near chrysanthemum and snapdragon showed the typical symptoms of TSWV such as bronzing of leaves, necrotic spots on leaves, petioles and stem. The symptoms of TSWV are highly variable, even on the same host plant. This variation is influenced by several factors, including the plant's age, its nutritional level, and environmental conditions. A major cause of this symptom diversity is the presence of different virus strains. Symptoms are generally classified into several categories: necrotic (dead tissue) or pigmented lesions, ring spots, yellowing, or a non-necrotic mottle or mosaic pattern (Norris, 1946).While some plants display this full spectrum of symptoms, others may only show a few, likely because only certain strains of the virus can infect them.

5.3.1.2 Identification of the virus

            Chinnaih et al. (2023) tested marigold plants showing characteristic symptoms of TSWV using the Triple Antibody Sandwich (TAS) ELISA, which confirmed the presence of the virus in the collected samples. Mechanical inoculation from symptomatic marigold plants into indicator hosts such as Vigna unguiculata, Datura metel, D. stramonium, Nicotiana glutinosa, N. tabacum, and Solanum lycopersicum resulted in typical TSWV symptoms, with variation depending on the host species. For molecular confirmation, the nucleocapsid (N) gene of Tospovirus was amplified using specific primers (N-F: 5′-CAAGCAATAAAGATAAAGAAAGC-3′; N-R: 5′-AGCATATAACAACTTCTACGATC-3′) through reverse transcription PCR, yielding an amplicon of approximately 850 bp (Senthilraja, 2018). The PCR products were cloned into the pGEM-T Easy vector (Promega) and sequenced bidirectionally. Sequence analysis revealed that the nucleotide and amino acid sequences of the N gene from TSWV isolates in marigold (Accession No. MG554000) shared 98–100% identity with corresponding TSWV N gene sequences available in GenBank (Chinnaih et al., 2023).


5.3.1.3 Transmission

              A total of nine thrips species are recognized as vectors of TSWV, Frankliniella occidentalis (western flower thrips), F. schultzei, F. fusca (tobacco thrips), Thrips tabaci (onion thrips), T. setosus, T. moultoni, F. tenuicornis, Lithnps dorsalis, and Scirtothrips dorsalis and among these, the first four species are regarded as the most significant because they are widely distributed and share many host plants with the TSWV (Zitter et al., 1989). TSWV can be transmitted mechanically by sap of naturally infected plants. 

5.3.1.4 Host range

             Tomato spotted wilt virus possesses one of the broadest host ranges among plant viruses, infecting more than 550 species of monocots and dicots across 62 different families (Sether and DeAngelis, 1992). It caused various epidemics in horticultural and floral crops in different regions of the world (Parrella et al., 2003). TSWV was detected most commonly in Lycopersicum esculentum (tomato) and Capsicum annuum (pepper). The most commonly affected ornamental plants included Chrysanthemum morifolium and Zantedeschia species. In addition to cultivated plants, various weed species serve as natural reservoirs, facilitating virus overwintering and spread via thrips vector Frankliniella occidentalis, Stellaria media and Galinsoga parviflora. These weed species were abundant in glasshouses and also served as favorable hosts for F. occidentalis (Mertelik and Mokra,1998).   Indicator plants such as Datura metel, Nicotiana glutinosa, and Gomphrena globosa are commonly used for TSWV detection due to their distinctive symptom expressions, including localized chlorotic and necrotic lesions (Cho et al., 1988; Parrella et al., 2003).

5.4. Begomovirus

Begomoviruses are single-stranded DNA (ssDNA) viruses, belonging to the family Geminiviridae. Its genome can be either monopartite (a single component) or bipartite (two components), which are both circular ssDNA molecules (Roshan and Hallan, 2017). They are a major concern to marigold plants, as they are responsible for severe leaf curl diseases in many plants across tropical and subtropical regions. The virus is known to infect a variety of crops and non-crop species, and its widespread occurrence in India poses a serious constraint to plant cultivation.

5.4.1 Ageratum enation virus

In 2012, a begomovirus-associated leaf curl disease was observed in marigold plants in the Sikar province of India. The affected plants showed characteristic symptoms of begomovirus infection, including severe stunting, apical leaf curling, and crinkled leaves (Marwal et al., 2013). This observation was significant as it represented a new host record for begomovirus infection in the region. The disease is transmitted by the whitefly vector, which is known to carry begomoviruses and their associated satellite molecules.
Marwal et al. (2013) identified the association of a begomovirus with marigold plants showing apical leaf curl, leaf crinkling and stunting. They completed genome sequencing and identified the virus as Ageratum enation virus. Later in 2014, Marwal et al. described the genetic makeup of a begomovirus isolated from the ornamental plant marigold, specifically identified as Aegeratum enation virus to be a new recombinant species sharing nucleotide identity with begomoviruses prevailing in India as well as other isolates reported from China and Pakistan.
 	AEV is a monopartite begomovirus that has been identified as a significant threat to agriculture in India. The study by Marwal et al. (2013) confirmed that the begomovirus was AEV, and it was found to be associated with two satellite molecules: Ageratum leaf curl betasatellite and a newly proposed alphasatellite named Marigold leaf curl alphasatellite.

5.4.1.1 Symptomatology

Severe stunting, apical leaf curl, and crinkled leaves were found in plants infected with begomovirus in marigold (Marwal et al., 2013). In some cases, begomoviruses can induce enations, which are abnormal growths or outgrowths on the leaf veins (Malathi et al., 2017). These symptoms can severely impact the plant's photosynthetic capacity, leading to reduced growth, poor yield, and even plant death.

5.4.1.2 Identification of the virus

Marwal et al. (2013) isolated total DNA from infected plants using the CTAB method. To confirm begomovirus infection, PCR was performed using a pair of degenerate primers specific to the coat protein region. The forward primer sequence was GGRTTDGARGCATGHGTACATG and the reverse primer sequence was GCCYATRTAYAGRAAGCCMAG (AV494) (Bela-ong, and Bajet, 2007). The whole viral genome was then amplified using Rolling Circle Amplification (RCA). Sequencing of the amplified DNA revealed only the DNA-A component. The complete nucleotide sequence of the DNA-A was determined to be 2,724 nucleotides long and was assigned GenBank Accession No. KC589699.Phylogenetic analysis and nucleotide sequence comparison were conducted on the DNA-A component. This analysis showed that the isolated virus had a high sequence identity of 93–97% with other Ageratum enation virus isolates from India, Pakistan, and Nepal. This high identity, which is above the 89% ICTV species demarcation threshold, led to the classification of the virus as Ageratum enation virus. The identification was further supported by Southern blot hybridization using an Ageratum enation virus probe.

5.4.1.3 Transmission 

Begomoviruses are exclusively transmitted in the field by the whitefly vector, primarily Bemisia tabaci in a persistent-circulative manner (Bela-ong and Bajet, 2007). Begomoviruses being phloem-borne were not known to be transmitted through seeds of the infected plants (Sandra and Mandal, 2024). The first confirmed case of begomovirus transmission through seeds was documented in 2015, when Sweet potato leaf curl virus (SPLCV) was shown to spread via sweet potato seeds (Kim et al., 2015). However, the transmission is highly variable, some studies report that the virus is present within the seed tissues but fails to establish a systemic infection in progeny plant. Conversely, other reports confirm successful seed to seedling transmission, resulting in the emergence of symptomatic plants (Sandra and Mandal, 2024).

5.4.1.4 Host range

AEV infects a wide range of natural hosts across various plant families, including Brassicaceae (such as turnip), Asteraceae species like Ageratum conyzoides, Zinnia elegans, Crassocephalum crepidioides, Tagetes patula, and Sonchus oleraceus, as well as Amaranthaceae (Amaranthus cruentus), Cucurbitaceae (Trichosanthes dioica), Apiaceae (carrot), and Cleomaceae (Cleome gynandra). This broad host range shows that AEV mainly targets weeds but is also capable of infecting some crop plants (Tahir et al., 2015).


5.5 Potyvirus

Potyviruses belonging to the family Potyviridae, are one of the largest and most economically important groups of plant viruses worldwide. A defining feature of viruses in the Potyviridae family is their broad host range. Potyvirus was initially documented in 1778 in Manchester, and was originally known as “potato curl” (Salaman, 1925).  It was described for the first time in early 1930s to cause serious disease in potato (Abd El-Aziz, 2020). Potato virus Y (PVY) alone has been reported to infect 495 plant species across 72 genera belonging to 31 families (Hussain et al., 2016).

5.5.1 Marigold mosaic virus

Marigold mosaic virus (MMV) is a recently characterized member of the genus Potyvirus, a positive-sense, single-stranded RNA virus, infecting marigold (Tagetes erecta). A metagenomic investigation conducted by Yin et al., (2021) revealed the presence of mixed viral infections in Tagetes erecta. The study reported the identification of a novel potyvirus, tentatively designated as Marigold mosaic virus (MMV), co-infecting marigold plants along with previously known viruses, including Cucumber mosaic virus (CMV), Turnip mosaic virus (TuMV), and Broad bean wilt virus 2 (BBWV-2).

5.5.1.1 Symptamatology

In Tagetes erecta, infection by MMV was reported to induce characteristic foliar symptoms, including mosaic and mottling, leaf curling, puckering, and deformation (Yin et al., 2021).

5.5.1.2 Identification of the virus

Yin et al. (2021) identified Marigold mosaic virus (MMV) in symptomatic marigold plants using high-throughput sequencing (small RNA and ribo-depleted RNA-seq), followed by RT-PCR and RACE (Rapid Amplification of cDNA Ends) to assemble the complete genome. For confirmation, they designed MMV-specific primers (MMV-F: 5′-TGT TGA GCA AGC TGT TGA GG-3′ and MMV-R: 5′-CAC TCC TGC TCC TCT TCT CC-3′) and successfully detected the virus in field samples. This combined sequencing and RT-PCR approach confirmed MMV as a novel potyvirus infecting marigold

 5.5.1.3 Transmission

Over 200 aphid species transmit most potyviruses in a non-persistent, non-circulative way, and the viruses can also be spread through mechanical inoculation (Wylie et al., 2017). However, the specific aphid species involved in transmitting MMV need to be identified through further research.

5.5.1.4 Host range

The host range of MMV, a newly described potyvirus, has not been fully characterized. In general, most potyviruses are restricted to a limited host range, however, a few are capable of infecting plant species across as many as 38 families, resulting in considerable yield losses in diverse crops (Moury et al., 2020).

5.5.2 Papaya ringspot virus 

In 1949, Jensen first used the term Papaya ringspot (PRS) to describe a papaya disease found in Hawaii (Gonsalves et al., 2010). Papaya ringspot virus (PRSV) is a positive-sense single-stranded RNA virus, a serious pathogen of papaya and cucurbit crops, occurring in all regions worldwide where these plants are cultivated (Gonsalves, 2010).
Sultana et al. (2014) documented the first natural occurrence of Papaya ringspot virus (PRSV) in this host, where disease symptoms were associated with a mixed infection of CMV and PRSV. While the natural occurrence of CMV in marigold has been previously documented by Hanson et al. (1951), Joshi and Dubey (1972), and Sang and Varma (1975), this study presents the first report of a natural PRSV infection in this host. Although earlier studies by Naqvi et al. (1981), Lockhart (1989), and Rahaman and Rao (1992) reported the presence of potyviruses in marigold, they did not provide a species-specific identification. Findings of Sultana et al., 2014 thus contributes a significant addition to the host-range data for PRSV and clarifies the etiology of the observed disease symptoms.

5.5.2.1 Symptomatology 

Papaya ringspot virus (PRSV) infection in marigold plants leads to a variety of symptoms that can severely impact their growth and appearance. The primary symptoms include yellowing, mosaic patterns, mottling, and curling of the leaves. In more severe cases, the foliage can develop a "shoestring" appearance where the leaf blades are significantly reduced in size and distorted (Sultana et al., 2014).

5.5.2.2 Identification of the virus

Sultana et al. (2014) used several methods to identify the causal agent of the virus disease-like symptoms in marigold plants, ultimately concluding that a mixed infection of CMV and PRSV was responsible. Mechanical inoculation confirmed that the virus was sap transmissible to healthy marigold, as well as to Chenopodium amaranticolor and Gomphrena globosa plants, which are known to be local lesion hosts. The symptoms developed in inoculated marigold plants were identical to those observed in the naturally infected plants. Double Antibody Sandwich Enzyme-Linked Immuno-Sorbent Assay (DAS-ELISA) and Indirect Enzyme-Linked Immuno-Sorbent Assay (I-ELISA) performed by Sultana et al., (2014), were used to test samples from naturally infected marigold plants against antibodies for several viruses. Both tests showed positive reactions for both Cucumber mosaic virus (CMV) and Papaya ringspot virus (PRSV), suggesting a mixed infection.

5.5.2.3Transmission 

Papaya ringspot virus is typically stylet-borne and is transmitted by many species of aphids (mainly Myzus persicae and Aphis gossypii ) in a non-persistent manner.




5.5.2.4 Host range

PRSV primarily infects papaya (Caricaceae) and cucurbits (Cucurbitaceae), while Chenopodium amaranticolor and C. quinoa (Chenopodiaceae) act as local lesion hosts. The virus is classified into two biotypes: the papaya-infecting strain (PRSV-P), which infects both papaya and cucurbits, and the cucurbit-infecting strain (PRSV-W), which is restricted to cucurbits and does not infect papaya (Premchand, 2021). However, a study conducted in Bangladesh found that marigold plants with virus-like symptoms had a mixed infection of both Cucumber mosaic virus (CMV) and Papaya ringspot virus (PRSV). While it's noted that the symptoms observed in the field were more consistent with CMV, this finding does indicate that a strain of PRSV can infect marigold, though it may not be the primary cause of severe disease symptoms in this plant (Sultana et al., 2014).

5.5.3 Marigold mottle virus

Naqvi et al. (1981) reported the occurrence of a mechanically transmissible virus in marigold at Aligarh, characterized by rod-shaped particles and transmissibility through both sap and aphids. Infected plants exhibited severe symptoms such as leaf mottling, green mosaic, stunted growth, and the production of small, and malformed flowers. 

5.5.3.1 Symptomatology
 
Marigold plants infected with Marigold mottle virus exhibited pronounced mosaic and mottling symptoms, accompanied by stunted growth, reduced and deformed flowers, and high plant mortality (Naqvi et al., 1981).

5.5.3.2 Identification of the virus

Naqvi et al, (1981) concluded the isolated virus was Marigold Mottle Virus by conducting a series of tests to characterize it. They determined its host range by inoculating 79 plant species and observing the symptoms on the 29 susceptible ones. The virus was easily transmitted through sap and by the aphid Myzus persicae, but not by other aphids or by dodder (Cuscuta). Physically, the virus had rod-shaped particles about 675 nm long and a sedimentation coefficient of 152 S. They prepared an antiserum against MMV and confirmed its identity through immunodiffusion tests. Immunodiffusion assays revealed that Marigold mottle virus had a strong serological relationship with established potyviruses, including Datura mosaic virus and Tobacco etch virus, suggesting that Marigold mottle virus is most likely a member of the Potyvirus group.

5.5.3.3 Transmission

Marigold mottle virus is highly transmissible through sap, achieving a 70-80% success rate when sap from infected marigold or Nicotiana glutinosa plants are used. The virus can also be transmitted by aphids, with the green peach aphid (Myzus persicae) being the only species identified as a vector (Naqvi et al., 1981).

5.5.3.4 Host range

Marigold mottle virus possesses a wide host range, successfully infecting 29 out of 79 plant species evaluated from nine angiosperm families. Among the susceptible plants, 21 species exhibited systemic infections, usually beginning with vein clearing followed by the development of mosaic patterns. Beyond marigolds, the virus can also cause symptoms in other host plants, such as flower discoloration in Nicotiana sanderae and the suppression of fruit spines on Datura metel. Localized lesions appeared in certain hosts such as Abelmoschus esculentus, Achyranthes aspera, Chenopodium amaranticolor, C. ambrosioides, and Tetragonia expansa. In contrast, Capsicum annuum consistently developed top necrosis, a key diagnostic feature of the disease. Notably, MMV failed to infect several species that are commonly affected by other marigold viruses, including Datura stramonium, Cucumis sativus, Cucurbita pepo, Physalis peruviana, Vigna sinensis, and Zinnia elegans (Naqvi et al., 1981).

5.6. Fabavirus

Fabaviruses are a genus of plant viruses within the family Secoviridae and the subfamily Comovirinae. They have bipartite genomes encapsidated by two capsid proteins (CP) and are transmitted by aphids, having a wide host range among dicotyledonous plants and some families of monocotyledonous plants. Broad bean wilt virus 1 and Broad bean wilt virus 2 are the notable species within this genus (Chatzivassiliou, 2021).

5.6.1 Broad bean wilt virus 2

Broad bean wilt virus 2 (BBWV-2) is a single-stranded, positive-sense RNA virus which belongs to the genus Fabavirus in the family Secoviridae. It is a severe pathogen of the horticultural and ornamental plants worldwide (Xia et al., 2020). The virus is known to infect many plants belonging to the family Fabaceae (Wang et al., 2017). Dong et al. (2021) first reported the infection of BBWV 2 in Tagetes erecta in China.

5.6.1.1 Symptamatology

In a study conducted by Yin et al., (2021), it was reported that the plants produced symptoms like mosaic, crinkle, leaf curl and necrosis when a mixed infection of five viruses including Broad bean wilt virus 2, Cucumber mosaic virus, Turnip mosaic virus, Marigold mosaic virus and Marigold cryptic virus occurred.

5.6.1.2 Identification of the virus

High-throughput sequencing (HTS) of RNA extracted from symptomatic leaves revealed contigs with high nucleotide sequence identity to the BBWV-2 bipartite genome. To verify this finding, reverse transcription-polymerase chain reaction (RT-PCR) was performed using specific primers. A primer pair targeting the coat protein (CP) region of RNA2 (F1423-1448:5'-CTGACAGAGGAATACTATTTCCAAAG-3' and R2692-2719: 5'-CCTGTAAAATTGATATCTCCGGACAAAC-3') was used, yielding a 1.3-kb amplicon. Sequencing of this amplicon showed a 99% nucleotide identity with a known BBWV-2 isolate from South Korea. Additionally, another RT-PCR was conducted with a primer pair targeting RNA1 (F3025-3050: 5'-GACAGAGTGATATTCCTAATCGAGAT-3' and R4035-4062: CACTCAATGCAATAAAGGTCTGGCACCT), which produced a specific 1.0-kb band. These results, along with a subsequent phylogenetic analysis that showed the marigold isolate clustered closely with the South Korean isolate, confirmed the presence of BBWV-2 (Dong et al.,2021).


5.6.1.3 Transmission

The virus is said to be transmitted by aphids mostly, Aphis gossypii and Myzus persicae with infection rates of 60–90% in a non-persistent manner (Benner et al., 1985; Brunt et al., 1996).

5.6.1.3 Host range

[bookmark: bibrLink]It is an important disease of vegetables and ornamental plants. Reports have documented the natural infection of BBWV2 in several plant species. These include red pepper (Lee et al., 2000), pea (Choi et al., 2001), spinach (Lee et al., 1979), perilla (Choi et al., 2001), lily (Chang et al., 1987), Gentiana spp. (Roh et al, 1998), gladiolus (Park, et al. 1998), and celery (Hahm, et al., 1998). Rui et al., (2020) reported the natural occurrence of BBWV 2 infecting egg plants in China. Disease caused by BBWV2 has increased gradually in pepper plants, i.e. red pepper (Cho et al., 2007), bell pepper, and paprika (Ryu et al., 2009).

5.7 Alphanucleorhabdovirus


Alphanucleorhabdovirus belongs to the family Rhabdoviridae. The family comprises viruses with negative-sense single-stranded RNA genomes that infect a wide range of hosts, including plants, amphibians, fish, mammals, reptiles, insects, and other arthropods (Dietzgen et al., 2017; Walker et al., 2022). Historically, Nucleorhabdovirus was a single genus of plant-associated rhabdoviruses, characterized by replication within the nuclei of infected plant cells. This genus was recently divided into three genera: Alphanucleorhabdovirus, Betanucleorhabdovirus and Gammanucleorhabdovirus within the subfamily Betarhabdovirinae (Dietzgen et al., 2020; Walker et al., 2022).

The genus Alphanucleorhabdovirus consist of plant infecting viruses that replicate and undergo virion morphogenesis in the nuclei of infected cells (Wang et al., 2024). It belongs to the family Rhabdoviridae and are characterized by an unsegmented, negative-sense, single-stranded RNA genome (Bezerra et al., 2025).

5.7.1 Potato yellow dwarf virus

Potato yellow dwarf virus (PYDV) is a negative-sense single-stranded RNA virus, which belongs to the genus Alphanucleorhabdovirus of the Rhabdoviridae family (Ghosh, 2007). Lockhart et al., 1989 reported the occurrence of PYDV in marigold (Tagetes erecta), ornamental tobacco (Nicotiana alata), Zinnia (Zinnia elegans) and four-o’clock (Mirabilis jalapa L.) in Minnesota.

5.7.1.1 Symptomatology

Symptoms of Potato yellow dwarf virus (PYDV-S) infection in marigold include severe chlorotic stunting and the development of red pigmentation in the leaves. The symptoms of PYDV-S closely resemble those caused by aster yellows mycoplasmalike organisms, which also produce stunting and yellowing. However, a key distinguishing feature of PYDV-S is the presence of distinctive vein yellowing in the terminal leaflets (Lockhart, 1989).


5.7.1.2 Identification of the virus 

The presence of Potato yellow dwarf virus (PYDV) in Minnesota during 1986–1988 was confirmed through serological testing and biological characterization. Symptomatic plants, including ornamental tobacco, marigold, zinnia, four-o’clock, and white clover, were tested with antibodies specific to known PYDV isolates, and the virus reacted positively with antibodies to the PYDV-S (sanguinolenta) strain and its biological properties were similar to those of previously described PYDV-S isolates (Lockhart, 1989).

5.7.1.3 Transmission
 
Potato yellow dwarf virus is transmitted primarily by leafhoppers. The virus is divided into two serotypes based on its vector specificity. The PYDV-S (sanguinolenta) isolate is transmitted by Aceratagallia sanguinolenta and other Aceratagallia species. Conversely, the PYDV-C serotype is transmitted by Agallia constricta but not by A. sanguinolenta. . Perennial hosts like Trifolium species may act as important reservoirs for both the virus and its vector, Aceratagallia sanguinolenta (Lockhart et al., 1989).

5.7.1.4 Host range

Potato yellow dwarf virus has a host range that includes various cultivated and wild plants. The virus was found to naturally infect ornamental tobacco (Nicotiana alata), marigold (Tagetes erecta), zinnia (Zinnia elegans), and four-o'clock (Mirabilis jalapa) in Minnesota, causing symptoms like severe stunting, chlorosis, and vein and leaf necrosis. It also naturally occurs in white clover (Trifolium repens) in mixed infections with clover yellow vein virus (Lockhart et al., 1989). Other reported natural hosts include potato (Solanum tuberosum) and periwinkle (Catharanthus roseus). The virus can be transmitted to several species of Nicotiana, including N. alata, N. benthamiana, N. glutinosa, N. debneyi, and N. rustica, through mechanical inoculation (Lockhart et al., 1989).

4. CONCLUSION

Viruses infecting marigold represent a significant challenge to its cultivation, reducing the ornamental value and marketability of this economically important flower crop. With marigold being widely grown in India and across the world for landscaping, religious, and commercial purposes, the occurrence of diverse viral pathogens, such as potyviruses, tospoviruses, cucumoviruses, and tobamoviruses, poses a serious threat to sustainable production. These viruses not only lower flower yield and quality but also act as potential reservoirs for infection of other crop species, amplifying their agricultural importance. A comprehensive understanding of the distribution, symptomatology, transmission mechanisms, and host–virus interactions is thus essential for devising effective management strategies. improving diagnostic tools, exploring host resistance, and integrating vector control measures will be critical for preserving the cultivation potential of marigold and safeguarding the stabililty of this ormamental crop in agricultural production.
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