


Integrated management of viral disease complex in King Chilli 


ABSTRACT
[bookmark: _Hlk148303437]	King Chilli is one of the important traditional spice crops with high export value, grown in North Eastern region of India. Studies revealed that viral diseases in this crop are widespread, with prevalence of viral infections as complex viral symptoms. The study on different biotic and synthetic agents for the management of viral complex in open cultivated King Chilli was carried out in Experimental farm, Department of Horticulture, AAU, Jorhat. Among the treatment combinations, T3 [Package of practice + Salicylic acid @ 0.5mM at 0, 15, 30, 45, 60, 75, 90, 105, 120 DAT] was the most effective in reduction of disease incidence and vector population count with maximum plant height of 94.08 cm and yield 64.5 q/ha. Further, the virus infected leaf samples of King Chilli based on visual symptoms were collected from experimental plot, Dept of Horticulture, AAU. 	Comment by Kaushik Pramanik: What is the significance of this? It is better if you mention the novelty and uniqueness of this research.
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INTRODUCTION	Comment by Kaushik Pramanik: Overall, it is good and well written.
	The Capsicum chinense Jacq, commonly known as King Chilli or "Bhut Jolokia," is a locally grown cultivar in the north-eastern region of India, known for its high pungency levels and placement among the hottest chillies (Mathur et al., 2000). The King Chilli is susceptible to biotic stresses generated by viruses (60%), fungi (10%), and bacteria (5%), among other things (Talukdar et al., 2012). The research concentrated on four viruses: CMV, ChiVMV, TSWV, and ChiLCV. Among these, CMV is known to have a broad host range and is considered to be one of the most prevalent viruses. The study included ChiVMV because it was initially found in King Chilli from Meghalaya (Banerjee et al. 2014). ChiLCV and TSWV infection in King Chilli has only been documented so far from the state of Assam (Borgohain and Devi, 2007; Talukdar et al., 2015; Baruah et al., 2016). The presence of these viruses in a composite form presents difficulties in both the detection and treatment methodologies. The necessity for environmentally friendly farming practices has prompted the exploration of alternative management strategies. The examination of utilizing diverse bio-control agents and chemical inducers to capitalize on systematic resistance as a viable approach for managing these viruses is an exciting possibility for targeted study in the region of North-East India. Therefore, in the present study an effort has been made to study biotic and synthetic agents for effective management of viral disease complex in King Chilli.	Comment by Kaushik Pramanik: It is inappropriate to write the abbreviation first without writing the full form. 
MATERIALS AND METHODS	Comment by Kaushik Pramanik: Statistical detailing is needed.
Field design
	Field experiment with 7 numbers of treatments, replicated 4 times, following Randomized block design of planting, was carried out in an area of 255 m2 in Experimental Farm, Department of Horticulture, AAU, Jorhat. The seeds were extracted from healthy, uninfected, red ripe King Chilli fruits collected from local source. These seeds were then sown in nursery bed having a mixture of sand and well decomposed cattle manure (1:1). The seeds were sown in furrows spaced at 2.5 cm. An overhead insect-proof net (40 mesh) structure was placed. One month after germination, the seedlings were transplanted in prepared raised beds of size 2.50 m x 2.50 m (9 numbers of seedlings / bed) with interbed spacing of 1m. 
Treatment combinations followed for disease management
	The details of the treatment combinations were as follows: T1= Package of practice + Biopesticide (Biogreen) @ 50g/L - (T. viridie, P. flourescens, B.thuringensis, B. bassiana, M. anisopliae) + Biofertilizer (Azotobacter) @ 80g/L – Bacteria Azotobacter; T2= Package of practice + Jivamrit @ 5%; T3= Package of practice + Salicylic acid @ 0.5mM; T4= Package of practice + Vitex negundo (Posotiya plant) @ 5%; T5= Package of practice + King chilli fruit extract 1ppm; T6= Package of practice; T7= Untreated control. The main field treatments were carried out at 15 days after transplanting. The mentioned treatments were applied with the help of a hand-held sprayer in above mentioned treatment pattern. The spraying of the treatments was carried out 4 times at an interval of 7 days from 15 DAT.	Comment by Kaushik Pramanik: The treatment list is useful but inconsistently formatted, and chemical/botanical names should be standardized.
Evaluation of disease assessments and plant growth characteristics
	Disease incidence was calculated on the basis of number of infected plants using the formula per cent of disease incidence = x 100 (Wheeler 1969). The viral disease incidence was recorded at 15 days interval starting from 0 DAT up to 120 DAT. Also, the heights of the King Chilli plants were measured at 30 days interval starting from 30 DAT up to 120 DAT with a measuring scale in cm. Crop harvest was carried out at fully matured and red ripe stage and yield estimates of each treatment were recorded considering 5 plucking.	Comment by Kaushik Pramanik: Please correct the referencing style.
Insect vector population count	
	Leaves and twigs of King chilli plants were examined for the presence of insect vectors. Aphids for CMV and ChiVMV, thrips for TSWV and whiteflies for ChiLCV were recorded in the experimental plot against each treatment. All the plants were considered in each treatment and recorded vector population as high (>20 aphids/twig), medium (>10 aphids/ twig) and low (<10 aphids/ twig) (Borah et al., 2022). The counting of vector was done by manually with the help of normal lens of 10X power. The counts were taken at 30 days interval starting from 30 DAT up to 120 DAT.
RESULTS AND DISCUSSION
Symptomatology description
In the experimental plot, the infected King Chilli plants were found to exhibit symptoms like mosaic, smaller and narrower leaves, vein deformation with leaf curling and leaf crinkling were the prominent in case of CMV infections (Fig. 1). Similarly, the symptoms such as leaf mottling along with mosaic, vein banding, enations, leaf puckering and filiform leaves were prominent in samples detected with ChiVMV (Fig. 2). Other symptoms that may occur, in varying degrees of severity, include wilting, fruit abortion, stunting, leaf deformation, mosaic patterns, chlorosis, mottling, and the formation of ring patterns were the prominent symptoms in case of TSWV infections (Fig. 3). Curling, rolling, puckering, and blistering of leaf margins, as well as the thickening and swelling of veins were the prominent symptoms in case of ChiLCV infections (Fig. 4). In studies done by Baruah et al. (2016) reported similar symptoms like mosaic, curling, dwarfing and reduced leaf size were seen due to CMV infected King Chilli in the field condition. In Assam (Borah et al., 2022) studies carried out on chilli pepper, plants showing systemic dark green mottling, mainly confined to the veins, leaf puckering and leaf distortion were found to be infected with ChiVMV. TSWV exhibits a range of local lesion hosts, with the induced lesions frequently characterized by necrosis (Black et al., 1991). These symptoms recorded in the study are also in accordance to the ones described in some commercial chilli and capsicum crops (Satya Prakash et al., 2002; Biswas et al., 2005; Pant and Ahlawat, 2005).
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	Fig. 1. Cucumber mosaic virus symptom in experimental plot of King chilli plants



	[image: ]
(a) filiform leaf
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(b) vein enation
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(d) leaf puckering

	Fig. 2. Chilli veinal mottle virus symptom in experimental plot of King chilli plants
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(d) mottle

	Fig. 3. Tomato spotted wilt virus symptom in experimental plot of King chilli plants
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(a) Leaf curl
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(d) Mosaic

	Fig. 4. Chilli Leaf curl virus symptom in experimental plot of King chilli plants



Effect of different treatments on disease incidence	
The results revealed that all the treatments had significantly reduced viral disease incidence as compared to untreated control (T7) (Table 1). But T3 [Package of practice + Salicylic acid @ 0.5mM] treatment was the most effective in reduction of disease incidence (Gilliland et al., 2004) followed by T1, T5, T2, T4 and T6. The treatment Package of practice + Salicylic acid @ 0.5mM showed a lower percentage of viral infection (16.67%) followed by Package of practice + Biopesticide (Biogreen) @ 50g/L + Biofertilizer (Azotobacter) @ 80g/L (19.44%) (Schouten et al., 2004).	Comment by Kaushik Pramanik: Please mention the statistical analysis value while making this type of argument.	Comment by Kaushik Pramanik: It’s unclear whether "(Gilliland et al., 2004)" supports disease reduction or the treatment’s ranking. Clarify.	Comment by Kaushik Pramanik: Explain why salicylic acid might be more effective.
Effect of different treatments on Plant height and Yield	
All the treatments had significantly increased plant height and yield as compared to untreated control (T7) (Table 2 and Table 3). The overall variation in the plant height was recorded in the range of 54.95 cm to 94.08 cm at 120 DAT and the overall variation in the yield was recorded in the range of 12.1q/ha to 64.5q/ha. The highest plant height and yield was recorded to be 94.08 cm and 64.5q/ha respectively in the treatment plot T3 followed by T1, T5, T2, T4 and T6. The results suggested that Package of practice along with foliar sprays with Salicylic acid @ 0.5mM was most effective than the other treatments. The findings are in line with researchers who suggested that foliar application of salicylic acid in main field significantly increased growth and yield in chilli cultivars (Ibrahim et al., 2019 & Zahid et al., 2023).	Comment by Kaushik Pramanik: It is better if you increase the depth of the discussion. 
Incidence of various insect vectors	
Vector population i.e., aphid for CMV and ChiVMV, whitefly for ChiLCV and thrips for TSWV (Table 4) revealed that all the treatments had significantly reduced vector population counts as compared to untreated control (T7). The lowest vector population counts were recorded in the treatment T3 followed by T1, T5, T2, T4 and T6. Initial population of aphids and whiteflies were observed starting from 30 DAT while, initial population of thrips was observed starting from 60 DAT.	Comment by Kaushik Pramanik: Could be explained more scientifically. Why do thrips appear later?

Table 1. Effect of treatments on viral disease incidence.
	Treatments
	0
DAT
	15
DAT
	30
DAT
	45
DAT
	60
DAT
	75
DAT
	90
DAT
	105
DAT
	120
DAT

	T1
	0
	0
	0
	0
	2.78
	5.56
	11.11
	16.67
	19.44

	T2
	0
	0
	0
	5.56
	5.56
	11.11
	16.67
	19.44
	27.78

	T3
	0
	0
	0
	0
	2.78
	5.56
	11.11
	13.89
	16.67

	T4
	0
	0
	2.78
	2.78
	8.33
	11.11
	13.89
	25.00
	30.56

	T5
	0
	0
	0
	2.78
	5.56
	8.33
	13.89
	19.44
	22.22

	T6
	0
	0
	5.56
	5.56
	8.33
	11.11
	16.67
	19.44
	36.11

	T7
	0
	0
	11.11
	13.89
	25.00
	36.11
	41.67
	50.00
	58.33

	Mean
	0
	0
	2.78
	4.36
	8.33
	12.70
	17.86
	23.41
	30.16

	SEd
	0
	0
	3.39
	3.77
	5.02
	6.66
	7.24
	9.00
	9.52

	CD
	0
	0
	7.13
	7.40
	10.55
	13.99
	15.21
	18.92
	20.00

	CV (%)
	0
	0
	172.75
	122.12
	85.24
	74.16
	57.34
	54.39
	44.65


Data are mean of 4 replications








Table 2. Effect of different treatments on plant height.
	Treatments
	30DAT
	60DAT
	90DAT
	120DAT

	T1
	37.49
	47.90
	64.09
	88.35

	T2
	29.09
	39.83
	58.97
	77.88

	T3
	40.54
	51.28
	67.55
	94.08

	T4
	25.31
	36.48
	54.66
	72.95

	T5
	33.51
	43.45
	61.20
	85.05

	T6
	21.76
	32.05
	49.68
	66.88

	T7
	17.40
	28.36
	42.41
	54.95

	Mean
	29.30
	39.91
	56.93
	77.16

	SEd
	1.05
	1.14
	1.28
	1.47

	CD
	2.21
	2.40
	2.71
	3.10


Data are mean of 4 replications








Table 3. Effect of different treatments on yield.
	Treatments
	Yield
(q/ha)
	% increase of
yield over control

	T1
	53.7
	77.47

	T2
	39.8
	69.60

	T3
	64.5
	81.24

	T4
	29.7
	59.26

	T5
	48.3
	74.95

	T6
	20.9
	42.11

	T7
	12.1
	

	Mean
	38.41
	

	SEd
	2.03
	

	CD
	4.26
	


Data are mean of 4 replications







Table 4. Effect of treatments on vector population count.
	Treatments
	30 DAT
	60 DAT
	90 DAT
	120 DAT

	
	Aphid
	Whitefly
	Thrips
	Aphid
	Whitefly
	Thrips
	Aphid
	Whitefly
	Thrips
	Aphid
	Whitefly
	Thrips

	T1
	-
	-
	-
	*
	-
	-
	*
	*
	-
	**
	*
	-

	T2
	-
	-
	-
	-
	*
	-
	*
	*
	-
	**
	**
	*

	T3
	-
	-
	-
	*
	-
	-
	*
	*
	-
	*
	-
	*

	T4
	-
	-
	-
	*
	*
	-
	**
	*
	-
	***
	**
	*

	T5
	-
	-
	-
	*
	-
	-
	*
	*
	-
	**
	*
	*

	T6
	*
	-
	-
	*
	*
	-
	**
	**
	*
	***
	**
	**

	T7
	*
	*
	-
	**
	*
	*
	***
	**
	**
	***
	***
	***


Data are mean of 4 replications
(*) = Low, (**) = Medium, (***) = High

CONCLUSION
Viral diseases in King Chilli cause serious problems with systemic mosaic-mottling symptoms and great loss in quality and yield of the crop. The present research was concentrated on the development of safe and efficient strategies for management by exploiting agents that elicit resistance responses in the crop against viral disease complex. And thereby it was found that Package of practice + Salicylic acid treatment followed by Package of practice + Biogreen + Azotobacter consisting of different bacterial and fungal agents are most effective treatment against mixed infection of this viral complex. This information is therefore a valuable contribution to the knowledge of management of viral diseases of King Chilli in North-East India. 
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