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Incidence of Bhendi Yellow Vein Mosaic Disease and Isolation of Potential Endophytic Bacterial Antagonists from Okra (Abelmoschus esculentus L.)
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ABSTRACT
	The present study aims to investigate the prevalence and occurrence of bhendi yellow vein mosaic disease in okra and to explore the potential bacterial endophytes. A survey was conducted in the major okra-growing areas of Thiruvananthapuram and Kottayam districts in Kerala during January–February 2025 to identify field-tolerant varieties/cultivars against Bhendi yellow vein mosaic virus (BYVMV) and to isolate the associated bacterial endophytes. Among the varieties surveyed, the cultivar Anakomban exhibited maximum susceptibility, while Phule Vimukta, an open-pollinated variety from Mahatma Phule Krishi Vidyapeeth, Maharashtra, showed maximum tolerance against the disease. A positive correlation was observed between the whitefly population and disease incidence. BYVMV infection in bhendi plants was confirmed through PCR amplification of the coat protein gene of the virus. A total of 38 bacterial endophytes isolated from leaf and root tissues of field-tolerant plants were predominantly Gram-positive, rod-shaped bacilli. Application of such endophyte-based management strategies and involvement of biotechnological approaches in the management of BYVMV significantly reduces the over-dependence on chemical control methods, with an overall improvement in crop growth and productivity under field conditions.
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1. INTRODUCTION

Okra (Abelmoschus esculentus L Moench) belongs to the Malvaceae family, is a native of Africa grown well in tropical, subtropical and temperate climates (Yadav et al., 2022). The economic part is the fruit which can be consumed in fresh or cooked form and is a major source of vitamin C, carotene, thiamine, riboflavin, oxalic acid, minerals, Iron, and dietary fibre (Romdhane et al., 2020). Okra is highly susceptible to many begomoviruses, including yellow vein mosaic disease (YVMD), okra leaf curl disease (OLCD), and okra enation leaf curl disease (OELCD), a major constraint to okra cultivation. Over 27 viruses have been reported to infect okra, of which yellow vein mosaic virus and okra leaf curl virus are the major ones causing huge economic loss (Mishra et al., 2017).
In 1924, the yellow vein mosaic virus was first reported in India (Kulkarni, 1924). The incidence of this virus leads to symptoms like vein clearing, leaf curl, chlorosis and reduction of leaf surface area (Kumar et al., 2016). Yellow vein mosaic disease is caused by a complex consisting of monopartite begomovirus Bhendi yellow vein mosaic virus (BYVMV) and a small satellite DNA β component and is transmitted by whiteflies (Jose and Usha, 2003; Venkataravanappa et al., 2018). Virus transmission involves ingestion during phloem feeding, passage through insect tissues, secretion in saliva, and inoculation into plants. This process is regulated by molecular interactions between viral coat proteins, insect receptors, and plant factors that influence viral movement across barrier tissues (Davis and Thompson, 2024).
Endophytes are microorganisms that can colonize healthy plant tissue, either intracellularly or intercellularly, without producing any visible signs of disease (Wilson, 1995). They are commonly found in plants, and their associations with host plants are characterized by a balanced spectrum of symbiotic interactions that typically range from mutualism to commensalism, not parasitism (Nair and Padmavathy, 2014). Endophytic microbes promote plant growth through the production of phytohormones and nutrient acquisition through nitrogen fixation and phosphorus solubilization. They inhibit pathogen infection by means of various antifungal and antibacterial activities (Dudeja et al., 2012). The present study aims to assess the prevalence of BYVMV in okra fields of Thiruvananthapuram and Kottayam districts and to isolation of bacterial endophytes from field-tolerant okra plants to understand their role in plant health promotion and viral disease suppression. 

2. materials and methods

[bookmark: _Hlk209823527]2.1 Survey and identification of bhendi yellow vein mosaic disease tolerant varieties/cultivars.

Three locations each in vegetable growing areas of the Thiruvananthapuram (Palappooru, Kattachalkuzhi and Kowdiar) and Kottayam (Ayarkunnam, Ettumanur and Vakathanam) districts of Kerala were surveyed to identify bhendi varieties tolerant to BYVMV. Plants showing field tolerance against BYVMV were collected for endophyte isolation. 
To assess the incidence and severity of BYVMV infection in each surveyed location, okra plants in each plot were screened randomly using the 0-5 score chart (Table 1). Vulnerability index (VI) and percent disease incidence in each plot were calculated as follows, 
VI (%) = ∑ (Class frequency × score of rating class) / (Total number of observations × maximal disease index) × 100 (Chiang et al., 2017)
Per cent disease incidence = (No. of infected plants / Total no. of plants observed) x   100

Table 1. Score chart used for screening BYVMV symptoms (Naveen, 2016).

	Score
	Types of symptoms observed

	0
	No symptom

	1
	Very mild mottling, initial vein clearing

	2
	Mottling and complete yellowing of veins with green interveinal region

	3
	Blisters and raised surfaces on leaves

	4
	Distortion of leaves, curling, with reduction in leaf size

	5
	Stunting with negligible or no flowering and deformed pods



2.2 Molecular detection of BYVMV through PCR

[bookmark: _Hlk214276234]Total DNA was extracted from symptomatic plants collected from surveyed locations using the method described by Dellaporta (Dellaporta et al., 1983).  PCR was performed for the extracted DNA using begomovirus-specific degenerate primers Deng 541 F and Deng 541 R (fig. 2). The PCR reaction mixture consisted of 10 µL of 2x master mix, 2 µL (10 pmol/µL) of each primer and 2 µL of the extracted DNA. The PCR amplification was carried out in a thermal cycler with an initial denaturation at 95°C for 3 minutes, followed by 35 cycles of denaturation at 95°C for 15 seconds, annealing at 56°C for 30 seconds, and extension at 72°C for 30 seconds. The reaction was completed with a final extension at 72°C for 5 minutes, after which the samples were held at 4°C. Amplified products were visualized on a 2% agarose gel using Gel Doc XR+ Gel Documentation System.

Table 2. Primers used for the detection of begomovirus

	Primer
	Sequence (5’3’)
	Product size (bp)
	Reference

	Deng 541-F
	TAATATTACCKGWKGVCCSC
	520
	(Deng et al., 1994)

	Deng 540-R
	TGGACYTTRCAWGGBCCTTCACA
	
	




2.3 Isolation and characterization of bacterial endophytes from BYVMV tolerant bhendi plants

Roots and leaves of field-tolerant bhendi plants collected from surveyed locations were used for the isolation of bacterial endophytes. The plant parts were thoroughly washed with sterile distilled water, and then they were cut into small pieces of approximately 1 cm size. The plant bits were transferred to dishes containing sodium hypochlorite solution (3%) for one minute. Surface sterilized plant parts washed with sterile distilled water for three times to remove sodium hypochlorite remnants, were transferred to nutrient agar media @ 4 pieces Per petri dish (5 replications). The plates were then incubated at 28°C for 48-72 hours. After 24 hours, the isolated bacteria were streaked on nutrient agar (NA) plates. The colonies were purified by multiple streaking and were finally preserved in NA slant at 4⁰C (Hassan et al., 2023). Gram staining was done to observe the morphological appearance of bacterial strains.



3. results and discussion

3.1 Survey and identification of bhendi yellow vein mosaic disease-tolerant varieties/cultivars.

[bookmark: _Hlk213193061][bookmark: _Hlk214673863]A survey was conducted in bhendi growing areas of Thiruvananthapuram and Kottayam districts of Kerala during January and February of 2025. A total of six bhendi growing locations were surveyed, and infected and field-tolerant bhendi plant samples were collected. Virus infected plants exhibited characteristic vein clearing, vein thickening, chlorosis, reduction in leaf size with elongated petioles, mottling of leaves, floral deformities, and bleached fruits across the surveyed locations (Fig.1). 
Among the varieties surveyed, Anakomban recorded the highest disease incidence (80.95%) and vulnerability index (50.67) indicating a high level of vulnerability to BYVMV infection. The variety Anjitha displayed moderate DI (34.69-44.38%) and VI (10-12.8). The same variety did not show any symptoms in one of the surveyed plots i.e., Kowdiar in Thiruvananthapuram. Among the varieties surveyed, Phule Vimukta exhibited the least DI (1.68%) and VI (1.6) with mild vein clearing, indicating its relative tolerance under field conditions. The variety Arka Anamika also showed comparatively high DI (77.91%) and VI (5.6) (Table 3). These results revealed that the disease incidence and severity varied with location, variety and presence or absence of virus vector. Among the okra cultivars surveyed in Karnataka, Pusa Sawani showed the highest BYVMV incidence in kharif 2000 (15.08%) and summer 2001 (58.14%), compared to Arka Anamika (0.07% and 20.47%, respectively) (Ahmed and Patil, 2004). (Suresh and Byadgi, 2017) observed that the incidence of BYVMV was lowest in Karnataka during the kharif season and highest during the summer season. The vector Bemisia tabaci was observed in all fields surveyed except in Kowdiar. This may account for the absence of disease in this location. A significant positive correlation was observed between the whitefly population and the incidence of BYVMD, indicating that higher vector population was strongly associated with increased disease occurrence (Sesha Mahalakshmi et al., 2014).

Table 3. Disease incidence and vulnerability index in surveyed plots.

	Location
	Variety and stage of the crop
	Nature of symptoms observed
	DI (%)
	VI (%)

	Palappooru
	Anjitha, Harvesting stage
	Vein clearing, vein thickening, floral deformity in flower buds and fruits, and bleached appearance of fruits
	44.38
	10

	Kowdiar
	Anjitha, Fruit-bearing stage
	No symptoms
	0
	0

	Kattachalkuzhi
	Phule vimukta, Fruit-bearing stage
	Vein clearing
	1.68
	1.6

	Ayarkunnam
	Anakomban, Harvesting stage
	Vein clearing, vein thickening, reduction in leaf size, along with long petiole, floral deformity in flower buds and fruits, and bleached appearance of fruits
	80.95
	50.67

	Ettumanur
	Anjitha, Harvesting stage
	Mottling, vein clearing, vein thickening, and bleached appearance of fruits
	34.69
	12.8

	Vakathanam
	Arka Anamika, Flowering stage
	Vein clearing, vein thickening, reduction in leaf size and elongated petiole
	77.91
	5.6
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Fig. 1. Symptoms observed in surveyed locations. A-Vein clearing B-Vein thickening, B-Chlorosis, C-floral deformity in flower buds and fruits, D-Mottling of leaves and E-Reduction in leaf size

3.2 Molecular detection of BYVMV through PCR

DNA extracted from the bhendi plant samples collected from different surveyed locations was subjected to PCR using degenerate primers. An expected amplicon size of 520 bp DNA–A molecule of the virus obtained from the infected plants collected from all surveyed locations except Kowdiar confirmed the presence of BYVMV. PCR is a molecular tool that enables the amplification of a target DNA fragment located between two regions with known nucleotide sequences. PCR has been successfully employed for detecting the presence of geminivirus in infected plant samples (Deng et al., 1994; Rojas et al., 1993).

                                                          [image: ]
Fig 2. 2% Agarose gel electrophoresis of the amplified coat protein gene of BYVMV-infected samples from surveyed locations. L – 100 bp ladder, 1 – Healthy plant, 2-7: PCR amplicons of Kowdiar, Palappooru, Kattachalkuzhi, Ayarkunnam, Ettumanur, and Vakathanam plant samples respectively.

3.3 Isolation of endophytic bacteria from field-tolerant bhendi plants

[bookmark: _Hlk213193114]A total of 38 bacterial endophytes (17 bacterial species from leaf tissue and 21 from root tissue) were isolated from the bhendi plants. The cultural and morphological characters of each isolate were recorded (Table 4). Based on Gram’s reaction, 33 isolates were categorized as Gram-positive (rod-shaped) and 5 isolates as Gram-negative (rod-shaped). A total of 12 endophytic bacteria were isolated from okra roots, all of which exhibited plant growth-promoting traits and significantly enhanced okra growth under pot culture conditions (Salehin et al., 2023). Pavani et al. (2020) isolated 38 endophytes from a maize plant, of which they categorized fourteen as Gram-negative and thirty-six  as Gram-positive bacteria. Andreote et al. (2010) noted that bacterial colonization is strongly affected by the plant’s genotype, and the endophytic colonization pattern differs between root and stem tissues.

Table 4. Cultural and morphological characters and Gram’s reaction of bacterial endophytes
	Isolate
	Elevation
	Colour
	Form
	Margin
	Gram Reaction
	Cell shape

	KAAkLI1
	Flat
	Creamy white
	Irregular
	Entire
	+ve
	Rod

	KAAkLI2
	Raised
	Creamy white
	Circular
	Entire
	+ve
	Rod

	KAAkRI1
	Raised
	White
	Irregular
	Undulated
	+ve
	Rod

	ssKAAkRI2
	Raised
	White
	Circular
	Entire
	+ve
	Rod

	KAAkRI3
	Flat
	White
	Irregular
	Undulated
	+ve
	Rod

	KEAnLI1
	Flat
	Creamy white
	Irregular
	Undulated
	+ve
	Rod

	KEAnLI2
	Flat
	Off white
	Circular
	Undulated
	+ve
	Rod

	KEAnLI3
	Raised
	White
	Irregular
	Undulated
	+ve
	Rod

	KEAnRI1
	Flat
	Off white
	Irregular
	Undulated
	+ve
	Rod

	KEAnRI2
	Flat
	Off white
	Irregular
	Undulated
	+ve
	Rod

	KEAnRI3
	Raised
	Creamy white
	Circular
	Entire
	+ve
	Rod

	KVAaLI1
	Raised
	Yellowish
	Circular
	Entire
	-ve
	Rod

	KVAaLI2
	Flat
	White
	Circular
	Entire
	+ve
	Rod

	KVAaRI1
	Flat
	Off white
	Irregular
	Undulated
	+ve
	Rod

	KVAaRI2
	Raised
	Off white
	Circular
	Undulated
	+ve
	Rod

	TKwAnLI1
	Flat
	Off white
	Circular
	Entire
	+ve
	Rod

	TKwAnLI2
	Flat
	White
	Irregular
	Undulated
	+ve
	Rod

	TKwAnLI3
	Raised
	Off white
	Circular
	Undulated
	+ve
	Rod

	TKwAnLI4
	Raised
	White
	Circular
	Undulated
	+ve
	Rod

	TKwAnRI1
	Raised
	Off white
	Irregular
	Undulated
	+ve
	Rod

	TKwAnRI2
	Raised
	Off white
	Circular
	Undulated
	+ve
	Rod

	TKwAnRI3
	Raised
	Creamy white
	Irregular
	Undulated
	+ve
	Rod

	TKwAnRI4
	Raised
	White
	Irregular
	Undulated
	+ve
	Rod

	TKcPvLI1
	Flat
	Off white
	Irregular
	Entire
	+ve
	Rod

	TKcPvLI2
	Raised
	Off white
	Circular
	Undulated
	+ve
	Rod

	TKcPvRI1
	Raised
	Creamy white
	Circular
	Entire
	+ve
	Rod

	TKcPvRI2
	Raised
	Off white
	Irregular
	Undulated
	+ve
	Rod

	TKcPvRI3
	Flat
	Off white
	Irregular
	Entire
	+ve
	Rod

	TKcPvRI4
	Raised
	White
	Circular
	Undulated
	+ve
	Rod

	TPAnLI1
	Flat
	Off white
	Irregular
	Undulated
	+ve
	Rod

	TPAnLI2
	Raised
	Yellowish
	Irregular
	Entire
	-ve
	Rod

	TPAnLI3
	Flat
	Creamy white
	Irregular
	Undulated
	+ve
	Rod

	TPAnLI4
	Raised
	White
	Irregular
	Undulated
	-ve
	Rod

	TPAnRI1
	Raised
	Off white
	Irregular
	Entire
	+ve
	Rod

	TPAnRI2
	Raised
	White
	Irregular
	Undulated
	+ve
	Rod

	TPAnRI3
	Flat
	Off white
	Irregular
	Undulated
	+ve
	Rod

	TPAnRI4
	Flat
	Yellowish
	Circular
	Undulated
	-ve
	Rod

	TPAnRI5
	Raised
	Creamy white
	Circular
	Entire
	-ve
	Rod



4. Conclusion

The present study provides a comprehensive overview of the incidence of Bhendi yellow vein mosaic virus (BYVMV) in major okra-growing regions of Thiruvananthapuram and Kottayam. Typical BYVMV symptoms, such as vein clearing, vein thickening, chlorosis, leaf mottling, reduced leaf size with elongated petioles, floral deformities, and bleached fruits, were consistently observed. The whitefly Bemisia tabaci was detected in nearly all fields and showed a strong positive correlation with disease incidence, confirming its role as the primary vector of BYVMV. The survey revealed a wide variation in disease incidence, with Anakomban showing the highest susceptibility, while Phule Vimukta was highly tolerant, and plants at Kowdiar were symptomless, indicating the relation between the vector and virus. PCR-based detection confirmed the presence of the BYVMV in symptomatic plants. A total of 38 bacterial endophytes, predominantly Gram-positive rods, were isolated from tolerant plants, representing valuable microbial resources for enhancing plant health. 
ana
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